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Background: Clinical outcomes of percutaneous coronary intervention (PCI) in patients with saphenous vein
grafts (SVGs) remain poor despite the use of drug-eluting stents (DES). There is a disparity in clinical outcomes
in SVG PCI based on various registries, and randomized clinical data remain scant. We conducted a meta-
analysis of all existing randomized controlled trials (RCTS) comparing bare-metal stents (BMS) and DES in
SVGPCIs.
Hypothesis: PCI in patients with SVG disease using DES may reduce need for repeat revascularization without
an excess mortality when compared to BMS.
Methods: An aggregate data meta-analysis of clinical outcomes in RCTs comparing PCI with DES vs BMS
for SVGs reporting at least 12 months of follow-up was performed. A literature search between Janurary 1,
2003 and September 30, 2011 identified 4 RCTs (812 patients; DES = 416, BMS = 396). Summary odds
ratio (OR) and 95% confidence interval (CI) were calculated using the random-effects model. The primary
endpoint was all-cause mortality. Secondary outcomes included nonfatal myocardial infarction (MI), repeat
revascularization, and major adverse cardiac events (MACE). These outcomes were assessed in a cumulative
fashion at 30 days, 18 months, and 36 months.
Results: There were no intergroup differences in baseline clinical and sociodemographic characteristics. At a
median follow-up of 25 months, patients in the DES and BMS group had similar rates of death (OR: 1.63, 95%
CI: 0.45–5.92), MI (OR; 0.83, 95% CI: 0.27-2.60), and MACE (OR: 0.58, 95% CI: 0.25–1.32). Patients treated
with DES had lower rates of repeat revascularization (OR: 0.40, 95% CI: 0.22–0.75).
Conclusions: In this comprehensive meta-analysis of all RCTs comparing clinical outcomes of PCI using DES vs
BMS in patients with SVG disease, use of DES was associated with a reduction in rate of repeat revascularization
and no difference in rates of all-cause death and MI.
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Introduction
Saphenous venous graft (SVG) interventions account for 6%
to 15% of all percutaneous coronary interventions (PCI).1–4 A
review of the American College of Cardiology National Car-
diovascular Data Cath PCI Registry found 5.7% of patients
who underwent PCI between January 1, 2004 and March 1,
2009 had SVG intervention.4 Practice guidelines are largely
based on extrapolation of outcomes from observational stud-
ies and a few randomized controlled trials (RCTs). Due to
the disparity in clinical outcomes of SVG PCI, actual clinical
practice is based on expert opinion for the most part. A
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recent meta-analysis of 2 RCTs, a subgroup of an RCT and
26 observational studies comprising a total of 7994 patients,
showed that SVG interventions with drug eluting stents
(DES) reduced the major adverse cardiac events (MACE)
and target vessel revascularization (TVR) rate.2 Several
other authors have reported meta-analyses evaluating the
clinical outcomes of PCI in SVG comparing DES and bare-
metal stents (BMS).2,5–12 These meta-analyses were limited
by most of their evidence arising from observational studies
and the inclusion of 2 small RCTs.13–16 Late follow-up of 1
small RCT showed increased all-cause mortality in patients
who underwent PCI with DES.15 Furthermore, since the
publication of these meta-analyses, the largest RCT com-
paring DES and BMS for SVG PCI was recently reported.17

Similarly, long-term outcomes of the Stenting of Saphenous
Vein Grafts trial (SOS) were also reported.16 We therefore
performed a meta-analysis comparing DES vs BMS in SVG
interventions comprised of randomized clinical trials data
only as they represent the highest level of evidence.

Methods
Literature Search

All RCTs and subgroups of RCTs comparing DES and
BMS in SVG interventions, conducted between January
1, 2003 and September 30, 2011, were included in this
analysis. Comprehensive literature search was performed
using MEDLINE, EMBASE, the Cochrane Central Register
of Controlled Trials, and conference proceedings of various
national and international professional meetings. The key
words for the literature search included saphenous vein
graft, percutaneous coronary intervention, drug − eluting
stent, bare−metal stent, clinical trial, and randomized. We
restricted our analysis to RCTs or subgroup analyses from
RCTs that met the following inclusion criteria: saphenous
vein graft interventions, randomization to DES or BMS,
definition of clinical outcomes (as defined below), and a
minimum follow-up of 12 months. The quality of included
studies was assessed to minimize bias. Figure 1 shows a
flow diagram describing the search methodology.

Data Extraction

The included studies were independently reviewed by eval-
uators (M.A. and S.J.B), and all discrepancies were resolved
by consensus. The following outcomes were extracted: all-
cause mortality (primary outcome), nonfatal myocardial
infarction (MI), repeat revascularization (including target
lesion revascularization [TLR] and target vessel revascular-
ization [TVR]), and MACE (composite endpoint of death,
MI, repeat revascularization). The definitions of clinical out-
comes in individual studies were reviewed and found to be
similar.

Statistical Analysis

An aggregate data meta-analysis of clinical outcomes in
these RCTs comparing PCI with DES vs BMS for SVGs was
performed. Review Manager version 5.1 (The Cochrane Col-
laboration, Oxford, UK) was used for data analyses. Odds
ratio (OR) and 95% confidence interval (CI) were used to
summarize the effect size for each clinical outcome at the

Figure 1. Flow chart showing literature search methodology.

corresponding time point. Systematic bias was assessed
using a funnel plot with regard to primary outcome of all-
cause death as shown in Figure 2. A review of the funnel
plot shows symmetric distribution of all 4 studies and no
publication bias because there are studies at both extremes
of outcomes (ie, higher mortality, lower mortality) as well
as around the midline (no effect). A 2-tailed α of 5% was
used for hypothesis testing. Primary and secondary out-
comes were assessed in cumulative fashion at 30 days, 18
months, and 36 months. Measures of heterogeneity, includ-
ing Cochran’s Q statistic, I2 index, and the τ2 tests were
estimated. There was evidence of significant heterogeneity
for clinical endpoints of all-cause death, MACE, and nonfatal

Figure 2. Funnel plot to assess systematic bias using primary outcome of
all-cause mortality. Funnel plot using 4 included studies shows a near
symmetric distribution of effect sizes from individual studies. There does
not appear to be publication bias as studies at both the extremes of
outcomes as well as studies without any difference in outcomes are
reported. Abbreviations: OR, odds ratio; SE, standard error.
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MI at aggregate follow-up (36 months). A random-effects
model was used to calculate the summary OR and 95%
CI, given variable degrees of data heterogeneity, and given
inherent heterogeneity in any systematic review of studies
from the published literature. We also performed 2 sensi-
tivity analyses to address for any bias induced in the final
results by the inclusion of a subset analysis from the BAsel
Stent Kosten Effektivitäts Trial (BASKET)17 and long-term
results of the Death and Events at Long-term Follow-up
Analysis: Extended Duration of Reduction of Restenosis
In Saphenous Vein Grafts With Cypher Sirolimus-Eluting
Stent (DELAYED-RRISC) and Reduction of Restenosis In
Saphenous Vein Grafts with Cypher Stent (RRISC) trials.13,15

Results
Search Results

A total of 77 studies (Figure 1) were identified using and
initial keyword search. Further review of the titles and
abstracts of these studies identified a total of 6 articles
reporting 4 studies that met the inclusion criteria as outlined
in Methods section.13–18 One of these studies provided a
subgroup analysis of patients with SVG interventions from a
larger main study population included in the BASKET trial,
which was not primarily randomized for patients with SVG
interventions.17 Table 1 provides basic details of these 4
studies included in the meta-analysis. These RCTs enrolled
812 patients, of whom 416 and 396 underwent PCI of SVGs
with DES or BMS, respectively. Overall, there were no inter-
group differences in baseline clinical and sociodemographic

characteristics. A majority of the patients in these trials were
men, and only 12.9% and 13.1% of patients in the DES and
BMS arms, respectively, were women. The most common
comorbid conditions included dyslipidemia (88.5% vs 86.9%),
hypertension (73.6% vs 73.7%), diabetes mellitus (39.4% vs
36.9%), and smoking (10.8% vs 7.8%), respectively, in the
DES and BMS groups of patients. At clinical presentation,
an acute coronary syndrome (ACS) was diagnosed in 42.3%
and 43.9% of patients in the DES and BMS groups, respec-
tively. The average age of the SVGs at the time of the index
procedure was 13.4 ± 1.4 and 13.3 ± 0.8 years in the DES
and BMS groups, respectively. Table 3 provides sociodemo-
graphic, clinical, and procedure-specificdetails of the patient
population included in this meta-analysis.

Outcomes

At an aggregate follow-up up to 36 months (range, 12–36
months), there was no difference in the primary outcome of
all-cause mortality between DES and BMS groups at 30 days
(OR: 0.67, 95% CI: 0.11–4.06), 18 months (OR: 1.41, 95% CI:
0.43–4.65), and 36 months (OR: 1.63, 95% CI: 0.45–5.92).
There was, however, a lower incidence of MACE in the DES
group at 18 months (OR: 0.53, 95% CI: 0.34–0.83), which
was no longer significant at 36 months aggregate follow-up
(OR: 0.58, 95% CI: 0.25–1.32). The 2 groups of patients had
similar clinical outcomes in terms of nonfatal MI at 30 days,
18 months, and 36 months as shown in Table 2. However,
the rates of repeat revascularization were lower in the DES
arm compared to the BMS arm at 18 months (OR: 0.33, 95%

Table 1. Details of Studies Included in the Meta-Analysis

ISAR-CABG18 SOS14,16 BASKET17 RRISC13,15

DES BMS DES BMS DES BMS DES BMS

Year 2011 2011 2009 2009 2009 2009 2006 2006

No. 303 307 41 39 34 13 38 37

Age, y 71.4 ± 9.0 71.5 ± 9.3 66 ± 9 67 ± 9 71 ± 8 71 ± 8 73 ± 7 72 ± 8

Follow-up, mo 12 12 35 35 18 18 36 36

Female, no. 40 48 0 0 7 0 7 4

Diabetes mellitus, no. 111 107 18 17 29 17 6 5

Smoking, no. 25 18 12 9 6 0 2 4

Hypertension, no. 216 223 38 37 30 11 22 21

Dyslipidemia, no. 268 264 40 37 27 12 33 31

LVEF, % 49.2 ± 12.2 49.5 ± 13.8 20 (≥50%)a 22 (≥50%)a NR NR 68 ± 18 72 ± 12

Graft age, y 13.8 ± 5.5 13.5 ± 5.1 11 ± 6 12 ± 6 NR NR 12.4 ± 4.6 12.6 ± 5.9

ACS, no. 115 124 26 22 12 9 23 19

EPD use, no. (%) <5% <5% 29(51) 31(56) NR NR 37 (78.7) 41 (83.7)

Mean stent length, mm 26.8 ± 15.4 27.5 ± 17.7 20 ± 1 21 ± 9 41 ± 2 46 ±3 29.9 ± 15.6 25.2 ± 11.9

Abbreviations: ACS, acute coronary syndrome; BASKET, BAsel Stent KostenEffektivitäts Trial; BMS, bare-metal stent; DES, drug-eluting stent, EPD, embolic
protection device; ISAR-CABG, Is Drug-Eluting Stenting Associated With Improved Results in Coronary Artery Bypass Grafts; LVEF, left ventricular ejection
fraction; NR, not reported; RRISC, Reduction of Restenosis In Saphenous Vein Grafts with Cypher Stent; SOS, Stenting of Saphenous Vein Grafts. aNo. of
patients with LVEF ≥50%.
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Table 2. Meta-Analysis Outcomes Using Random Effects Model

Event Rate

Outcome Follow-up
DES, No. With
Events/Total

BMS, No. With
Events/ Total Odds Ratio (95% CI) Qa P I2b τ2c

All-cause death 0–30 days 2/382 3/383 0.67 (0.11–4.06) NA NA NA NA

0–18 months 27/416 18/396 1.41 (0.43–4.65) 5.65 0.13 47.0 0.67

0–36 months 38/416 21/396 1.63 (0.45–5.92) 8.61 0.03 65.0 1.00

MACEd 0–30 days 21/382 25/383 0.98 (0.28–3.43) 5.88 0.05 66.0 0.78

0–18 months 75/416 106/396 0.53 (0.34–0.83) 3.69 0.30 19.0 0.04

0–36 months 98/416 121/396 0.58 (0.25–1.32) 11.3 0.01 73.0 0.50

Repeat revascularization 0–30 days 1/382 1/383 0.95 (0.06–15.7) NA NA NA NA

0–18 months 32/416 65/396 0.33 (0.17–0.64) 3.97 0.26 24.0 0.12

0–36 months 41/416 73/396 0.40 (0.22–0.75) 4.8 0.19 37.0 0.15

MIe 0–30 days 19/382 21/383 0.89 (0.46–1.70) 5.48 0.06 64.0 NA

0–18 months 23/416 31/396 0.67 (0.38–1.19) 2.28 0.52 00.0 NA

0–36 months 29/416 38/396 0.83 (0.27–2.60) 8.87 0.03 66.0 0.80

Abbreviations: BMS, bare-metal stent; DES, drug-eluting stent; MACE, major adverse cardiac events; MI, myocardial infarction; CI, confidence interval;
NA, Not Applicable. aCochran Q score for heterogeneity. bI2 index for degree of heterogeneity. cTτ2 measure of heterogeneity. dComposite end point of
death, nonfatal myocardial infarction, and repeat revascularization. eNonfatal myocardial infarction.

(B)

(A)

Figure 3. (A) Forest plot showing cumulative rates of all-cause death in patients with saphenous vein graft (SVG) percutaneous intervention (PCI) with
drug-eluting stent (DES) vs. bare-metal stent (BMS) use (0–36 months). (B) Forest plot showing cumulative rates of repeat revascularization in patients
with SVG PCI with DES vs BMS use (0–36 months). Forest plots of primary outcome all-cause death (A) and secondary outcome of repeat revascularization
(B) show no difference in all-cause mortality and reduction in repeat revascularization with use of DES in saphenous vein graft interventions. Abbreviations:
CI, confidence interval, M-H = Mantel-Haenszel Odds Ratio.

CI: 0.17–0.64) and 36 months (OR: 0.40, 95% CI: 0.22–0.75).
Table 2 provides details of the meta-analysis outcomes at
various follow-up periods. Overall, the cumulative rate of
repeat revascularization at 36 months was 41/416 (9.86%) in
the DES arm compared to 73/396 (18.43%) in the BMS arm.
This difference translated into 60% relative risk reduction
(RRR) and 8.6% absolute risk reduction(number needed
to treat [NNT] 12 patients) in repeat revascularization

with implantation of DES in SVG interventions. Similarly,
overall rates of MACE at 36 months was 98/416 (23.6%)
in the DES group compared to 121/416 (30.6%) in the
BMS group (RRR = 19.0%, NNT = 18 patients). Figure 3
shows forest plots comparing all-cause mortality (3A) and
repeat revascularization (3B) in the DES and BMS arms.
Because 1 of these studies was a subset analysis of a larger
RCT,17 we performed a sensitivity analysis by excluding
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this study from the analysis. This analysis is shown in
Table 3 and essentially shows similar clinical outcomes at
all time periods. In addition, a second sensitivity analysis
was performed after excluding the only RCT that showed
increased all-cause mortality in the DES group at longer-
term follow-up.13,15 The exclusion of this study reduced the
heterogeneity seen in the earlier analysis. However, there
were no major differences in the clinical outcomes at all
intervals except in addition to lower MACE rates at 36
months, and we also observed a reduction in MACE at 18
months (OR: 0.51, 95% CI: 0.28–0.95). This analysis is shown
in Table 4. Importantly, both of these sensitivity analyses
showed no increase in all-cause mortality and a significant
reduction in MACE and repeat revascularization in the DES
group compared to BMS group.

Discussion
The results of our meta-analysis showed that the use of DES
in revascularization of saphenous vein grafts is associated
with a significant reduction in risk of repeat revascularization
(NNT = 12)and MACE (NNT = 18) when compared to BMS.
In addition, there were no differences in the incidence of
all-cause death and nonfatal MI between the 2 groups.

Several prior meta-analyses have reported a lower all-
cause mortality with implantation of DES compared to BMS
in SVG disease in the setting of data derived largely from
nonrandomized clinical reports.2,5–7,9–11 These findings
were, however, not confirmed in our meta-analysis, which
included all of the available randomized clinical data.
Our analysis confirms the previously observed findings
in the setting of randomized clinical data.13–18 All 4
clinical trials in our analysis showed decreased rates of
repeat revascularization in the DES arm.4–9 At longer-term

follow-up in the RRISC trial, the DES benefit of reduced TVR
seen at 6 months was no longer significant, and a higher
mortality was observed among patients who received a
DES.15 However, in our pooled analysis of all available
randomized controlled trials, we did not observe any
difference in the risk of all-cause mortality at intermediate-
term follow-up. However, our meta-analysis at an overall
follow-up (up to 36 months) confirms durable reduction
in repeat revascularization with a much larger number of
patients. Therefore, it is reasonable to infer that use of DES
is safe and effective for SVG lesions.

The conclusions from our meta-analysis should be
interpreted in view of the limitations due to an overall low
number of events, inherent heterogeneity in the included
studies, and lack of long-term follow-up. We attempted to
reduce heterogeneity in the reported studies by conducting
2 sensitivity analyses (Tables 3 and 4) and found consistent
results across the primary and secondary clinical outcomes.
In addition, different types of DES were used in these clinical
trials and may induce bias from treatment effects. However,
our meta-analysis reports the largest number of patients in
the setting of randomized clinical data. Similarly, there are
a significant number of patients in both DES and BMS arms
with ACS; therefore, our findings can also be extrapolated
to patients with SVG disease presenting with ACS.

Conclusion
In this comprehensive meta-analysis of all reported
randomized clinical trials comparing clinical outcomes of
PCI using DES vs BMS in patients with SVG disease, we
conclude that use of DES is associated with significant
reduction in the rate of repeat revascularization and MACE,
without an increase in rates of nonfatal MI or all-cause death.

Table 3. Sensitivity Analysis Using Random Effects Model Excluding BASKET17

Event Rate

Outcome Follow-up
DES, No. With
Events/Total

BMS, No. With
Events/Total

Odds Ratio
(95% CI) Qa P I2b τ2c

All-cause death 0–30 days 2/382 3/383 0.67 (0.11- 4.06) NA NA NA NA

0–18 months 26/382 16/383 1.86 (0.66–5.26) 2.91 0.23 31.0 0.31

0–36 months 37/382 14/383 2.41 (0.66–8.77) 5.64 0.06 65.0 0.78

MACEd 0–30 days 21/382 25/383 0.98 (0.28–3.43) 5.88 0.05 66.0 0.78

0–18 months 68/382 98/383 0.62 (0.43–0.88) 0.38 0.83 00.0 0.00

0–36 months 91/382 103/383 0.76 (0.33–1.72) 7.26 0.03 72.0 0.38

Repeat revascularization 0–30 days 1/382 1/383 0.95 (0.06–15.7) NA NA NA NA

0–18 months 26/382 59/383 0.31 (0.13–0.77) 3.52 0.17 43.0 0.30

0–36 months 35/382 67/383 0.43 (0.21–0.91) 4.07 0.13 51.0 0.22

MId 0–30 days 19/382 21/383 0.89 (0.46–1.70) 5.48 0.06 64.0 NA

0–18 months 21/382 31/383 0.64 (0.36–1.15) 1.75 0.42 00.0 NA

0–36 months 27/382 38/383 0.76 (0.21–2.72) 8.32 0.02 76.0 0.93

Abbreviations: BASKET, BAsel Stent Kosten Effektivitäts Trial; BMS, bare-metal stent; DES, drug-eluting stent; CI, confidence interval; MACE, major
adverse cardiac events; MI, myocardial infarction; NA, Not Applicable. aCochran Q score for heterogeneity. bI2 index for degree of heterogeneity. cτ2

measure of heterogeneity. dComposite end point of death, nonfatal myocardial infarction, and repeat revascularization. eNonfatal myocardial infarction.
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Table 4. Sensitivity Analysis using Random Effects Model Excluding RRISC Trial13,15

Event Rate

Outcome Follow-up DES, No. With Events/Total BMS, No. With Events/Total Odds Ratio (95% CI) Qa P I2b τ2c

All-cause death 0–30 days 2/344 3/346 0.67 (0.11–4.06) NA NA NA NA

0–18 months 22/378 18/359 1.08 (0.37–3.11) 3.16 0.21 37.0 0.36

0–36 months 27/378 21/359 1.15 (0.45–2.94) 3.41 0.18 41.0 0.29

MACEd 0–30 days 10/344 20/346 0.49 (0.22–1.07) 0.49 0.48 00.0 0.00

0–18 months 69/378 95/359 0.51 (0.28–0.95) 3.49 0.17 43.0 0.13

0–36 months 76/378 106/359 0.41 (0.20–0.86) 4.39 0.11 54.0 0.23

Repeat revascularization 0–30 days 1/344 1/346 0.95 (0.06–15.7) NA NA NA NA

0–18 months 30/378 57/359 0.34 (0.15–0.75) 3.24 0.20 38.0 0.21

0–36 months 32/378 62/359 0.32 (0.15–0.71) 3.69 0.16 46.0 0.23

MIe 0–30 days 8/344 16/346 0.49 (0.21–1.16) 0.50 0.48 00.0 0.50

0–18 months 21/378 30/359 0.63 (0.35–1.13) 1.46 0.48 00.0 NA

0–36 months 22/378 36/359 0.51 (0.20–1.31) 0.31 0.16 46.0 0.31

Abbreviations: BMS, bare-metal stent; DES, drug-eluting stent; CI, confidence interval; MACE, major adverse cardiac events; MI, myocardial infarction;
NA, Not Applicable; RRISC, Reduction of Restenosis In Saphenous Vein Grafts with Cypher Stent. aCochran Q score for heterogeneity. bI2 index for degree
of heterogeneity. cτ2 measure of heterogeneity. dComposite end point of death, nonfatal myocardial infarction, and repeat revascularization. eNonfatal
myocardial infarction.
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