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Background: Superiority of drug-eluting stents (DES) over bare-metal stents (BMS) 
for treatment of saphenous vein graft (SVG) lesions is controversial. Methods: This is 
an observational study comparing the incidence of target vessel revascularization, all-
cause death, myocardial infarction (MI), stroke and stent thrombosis in patients who 
underwent SVG percutaneous coronary intervention, using DES versus BMS. Results: 
Out of 174 cases of SVG percutaneous coronary intervention; 87 received BMS, 66 
received DES and 21 received no stents. The majority (94%) of the DES were second 
generation. There was no difference in target vessel revascularization at 12 months. 
On multivariate analysis the only predictor of major adverse cardiovascular event was 
stent length >20 mm. Conclusion: There was no difference in the incidence of death, 
MI, stroke or stent thrombosis.
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The safety and efficacy of drug-eluting stents 
(DES) compared with bare-metal stents 
(BMS) in reducing target lesion restenosis and 
repeat revascularization in percutaneous coro-
nary intervention (PCI) to native coronary 
arteries is well established  [1–3]. Interventions 
to saphenous vein graft (SVG) lesions remain 
technically challenging, and are associated 
with higher rates of periprocedural myocardial 
infarction (MI), in-hospital mortality, resteno-
sis and chronic occlusion compared with PCI 
to native coronary arteries, largely because of 
the friable atheroma and thrombotic debris 
that develop when the SVG degenerates [4,5].

The results of studies investigating the 
safety and efficacy of DES in SVG interven-
tion have been inconsistent. There have been 
a few small randomized trials, several regis-
tries and mostly observational studies com-
paring DES with BMS in patients under-
going SVG PCI. These studies have shown 
conflicting results in short- and long-term 

follow-up in terms of mortality, MI, stent 
thrombosis, revascularization and major 
adverse cardiovascular events (MACE) [6–16]. 
It is important to note that the drug-eluting 
stents utilized in most of these studies were 
mainly first-generation DES. Our aim was to 
assess the long-term outcome of SVG inter-
ventions in our center with BMS and DES 
using mainly second-generation DES. We 
also sought to determine other potential pre-
dictors of outcomes after SVG interventions.

Materials & methods
Study population
We conducted a retrospective analysis of all 
SVG PCI performed at The Canberra Hos-
pital from 2006 to 2012. Using a search of 
our PCI database we identified 174 consecu-
tive patients. The creation and maintenance 
of the PCI registry was approved by the ACT 
Health Human Research Ethics Committee 
and all patients provided written consent for 
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inclusion in the registry and follow-up. Demographic 
and procedural characteristics and the indication for the 
procedure were obtained from the database. The Can-
berra Hospital is the region’s major public hospital, pro-
viding specialist and acute care to more than 700,000 
people. We perform approximately 2000 diagnostic 
angiograms, 800 PCI and 150 primary PCI procedures 
per year.

Procedure
The majority of PCI procedures were performed through 
the femoral artery using 6 Fr sheaths. All patients were 
treated with dual antiplatelet therapy including aspirin 
and either clopidogrel or prasugrel prior to the proce-
dure. Aspirin was continued indefinitely and clopidogrel 
or prasugrel was recommended for 12 months. Intrave-
nous heparin was administered to achieve an activated 
clotting time of 300 seconds. The use of glycoprotein 
IIb/IIIa inhibitors, distal protection devices and the 
type of stent was at the discretion of the interventional 
cardiologist. All patients underwent pre- and post-inter-
vention ECG. Plasma creatine kinase and troponin-I 
levels were measured the following day to detect new 
ischemic events.

Study end points
Primary end point for the study was the incidence of 
target vessel revascularization (TVR). Secondary end 
points included all cause death, myocardial infarction, 
stent thrombosis and stroke.

Definitions
Procedural success was defined as <20% residual ste-
nosis and TIMI 3 flow in the target vessel. MI was 

defined according to the Third Universal Definition 
of MI  [17]. TVR was defined as a repeat procedure 
anywhere in the target vessel, including repeat PCI or 
coronary artery bypass graft surgery. Stent thrombo-
sis was defined as angiographically documented stent 
thrombosis. Clinical in-stent restenosis was defined 
as in-stent restenosis of >50% found on an angiogram 
performed for clinical indications.

Follow-up
In-hospital clinical events were recorded by a research 
nurse prior to discharge. Long-term follow-up was 
conducted by letter, phone calls and review of hospital 
records at 12 months. In case of adverse events, fur-
ther details were obtained from the patient’s medical 
records, physician or from other hospitals.

Statistical analysis
The baseline clinical characteristics of the two groups 
were compared using the student’s t-test for continu-
ous variables and the chi-square test for categori-
cal variables. Cox proportional hazard multivariate 
analysis was performed to determine univariate and 
multivariate predictors of TVR during follow-up. 
Variables in the model included age >70 years, gen-
der, diabetes mellitus, age of graft >12 years, presen-
tation with acute coronary syndrome, use of >1 stent, 
PCI for in-stent restenosis, use of glycoprotein IIb/
IIIa inhibitor, stent diameter ≥3.5 mm, stent length 
>20 mm and use of DES. A p-value <0.05 was consid-
ered significant. All statistical analysis was performed 
using SPSS Statistics for Windows, Version 22.0.

Results
PCI was performed on 174 patients with SVG disease 
between 2006 and 2012. BMS were implanted in 87 
patients, DES in 66 patients and 21 patients received 
no stents. In this study we compared the results for 
DES and BMS in patients treated for SVG disease. 
The two groups were similar in their baseline charac-
teristics (see Table 1). The proportion of diabetics was 
numerically higher in the DES group, although not 
statistically significant. The age of the vein graft was 
13.3 ± 6.0 years in the BMS group and 14.3 ± 6.5 years 
in the DES group (p = 0.34). The majority (94%) of 
DES were 2nd generation.

Procedural data for the two groups are shown in 
Table 2. There were no significant differences between 
the groups with regards to indication for the proce-
dure and lesion complexity. Procedural success was 
achieved in over 96% of cases in both groups. There 
were more restenotic lesions at baseline in the DES 
group compared with the BMS group (23 vs 5%, p 
= 0.0007), see Table 2. Glycoprotein IIb/IIIa inhibi-

Table 1. Baseline characteristics for patients with vein graft 
disease treated with bare-metal and drug-eluting stents.

Characteristic 
 

Bare-metal 
stent

Drug-eluting 
stent

p-value

Number 87 66 –

Age 71 ± 9.1 69 ± 9.8 0.18

Female sex 16 (18%) 10 (15%) 0.60

Diabetes 29 (33%) 29 (44%) 0.18

Hypertension 57 (66%) 37 (56%) 0.23

Smoking 6 (7%) 8 (12%) 0.27

Reformed smoker 38 (44%) 33 (50%) 0.44

Hyperlipidemia 52 (60%) 42 (64%) 0.63

Family history of IHD 26 (30%) 29 (44%) 0.073

BMI 28.0 ± 4.6 28.5 ± 4.0 0.68

Vein graft age (years) 13.3 ± 6.0 14.3 ± 6.5 0.34

BMI: Body mass index; IHD: Ischemic heart disease.
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tors were used in 40% of BMS compared with 24% 
of DES cases (p = 0.036). This may have been partly 
because more patients with acute myocardial infarc-
tion received BMS (Table 2). Mean number of stents 
implanted per patient in the BMS group was 1.4 ± 
0.80 compared with 1.6 ± 0.90 for DES (p = 0.16). 
Mean stent diameter was 3.4 ± 0.66 for BMS and 3.31 
± 0.50 for DES (p = 0.45). Mean total stent length 
was higher in the DES group (28 ± 21.2 mm vs 21 ± 
11.4 mm, p = 0.011).

Mean duration of follow-up was 401 ± 450 days for 
the DES and 383 ± 298 days for the BMS group (p = 
0.77). Incidence of adverse events during follow-up is 
shown in Table 3. There was no significant difference in 
the primary outcome of target vessel revascularization 
(18 vs 17%, p = 0.78). Even after excluding patients 
with underlying in-stent restenosis from both groups, 
there was no difference in the incidence of TVR (18 
vs 14%, p = 0.51). There was no significant difference 
in the incidence of death (3.45 vs 0%, p = 0.13), MI 
(3.45 vs 7.6%, p = 0.26) or stent thrombosis (4.6 vs 
1.5%, p = 0.27) between BMS and DES groups during 
follow-up. Stroke did not occur in either group. Repeat 
angiography was performed for clinical indications in 
36% of patients in the BMS and 29% of patients in 
the DES group (p = 0.37). There was no significant 
difference in the rate of clinical in-stent restenosis (16 
vs 15%, p = 0.87).

On multivariate analysis, the only significant pre-
dictor of TVR was total stent length >20 mm (haz-
ard ratio 2.97, 95% CI: 1.23–7.57, p = 0.01) (Table 4). 
Incidence of TVR for SVG interventions with a stent 
length >20 mm was 27% compared with 11% for stent 
length ≤20 mm (p = 0.012). Kaplan–Meier curve for 
freedom from TVR in patients with total stent length 
≤20 mm and >20 mm is shown in Figure 1 (log-rank 
chi-square 5.9, p = 0.015). Use of DES was not a sig-
nificant predictor of TVR during follow-up.

Discussion
In this observational study comparing PCI outcomes 
with DES and BMS in patients with SVG disease, the 
two groups were similar in their baseline character-
istics, clinical presentation, age of the vein graft and 
lesion complexity. As expected in an observational 
study, there were some significant differences between 
the two groups. There was a higher prevalence of 
restenotic lesions at baseline in patients treated with 
DES (23 vs 5%, p = 0.0007). It is possible that some 
operators deployed DES in these patients in the hope 
of reducing the risk of restenosis, although there is no 
convincing evidence of benefit for DES in this set-
ting. However, even after excluding patients with in-
stent restenosis at baseline, there was no difference 

in the incidence of TVR. Mean total stent length 
used was longer in the DES group (28 vs 21 mm, p 
= 0.011). Operators treating longer lesions may have 
preferred DES in the hope of reducing the risk of 
restenosis. Use of glycoprotein IIb/IIIa inhibitors was 
higher in the BMS group (40 vs 24%, p = 0.036), 
but there was no association between glycoprotein 
IIb/IIIa inhibitor use and outcomes on univariate or 
multivariate analysis. Similarly, in a pooled analysis 
of five randomized controlled trials (RCTs), the use 
of glycoprotein IIb/IIIa inhibitors in SVG PCI did 
not improve outcomes [5].

In our study, after a mean follow-up of approxi-
mately 400 days in both groups, there was no differ-
ence in the incidence of TVR, all-cause death, MI, 
stent thrombosis or stroke. Several registries compar-
ing DES with BMS in SVG disease have shown con-
flicting results  [6–11]. Registries with short follow-up 
of 6 to 12 months have shown a reduction in MACE 
with DES [6,11]. However, some registries with longer 
follow-up of 3 and 4 years have shown no reduction 
in TVR or MACE with DES [8,10]. A large registry of 
1418 patients with 4-year follow-up showed a reduc-
tion in TVR with DES, especially in diabetics and in 
patients with a long segment of stent (≥30 mm), but 
there was no reduction in death or myocardial infarc-
tion [9]. It is possible that the use of DES delays but 
does not prevent the process of disease progression 
in degenerated vein grafts. In our study the only sig-
nificant predictor of TVR was total stent length >20 
mm. Longer total stent length likely represents more 
diffuse and severe atherosclerotic disease affecting the 
vein graft, with a higher risk of long-term occlusion.

There have been three RCTs comparing the use of 
DES with BMS in patients with SVG disease [12–16]. 
The largest trial was ISAR-CABG with 610 patients, 
which showed a significant reduction in target lesion 
revascularization with use of DES, but no difference 
in myocardial infarction, all-cause death or stent 
thrombosis [12]. The main limitation of ISAR-CABG 
was a short follow-up of 1 year  [12]. Another small 
RCT of 80 patients (SOS trial) with 3-year follow-up 
showed a reduction in target lesion revascularization 
and MI with the use of DES, but no difference in 
mortality [13,14]. On the contrary, in a small RCT of 
75 patients (delayed RRISC trial) the reduction in 
TVR seen at 6 months was lost at longer follow-up 
of 2.5 years and there was increased mortality with 
the use of DES [15,16]. A recent comprehensive meta-
analysis of all randomized controlled trials compar-
ing clinical outcomes of PCI using DES or BMS in 
patients with SVG disease showed no difference in 
all-cause death or myocardial infarction, but a reduc-
tion in repeat revascularization with DES [18].
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Most of the above-mentioned registries and RCTs 
used 1st-generation DES. Two recent registries com-
paring 1st- and 2nd-generation DES showed no 
significant difference in death, TVR and overall 
MACE  [19,20]. Another registry comparing 1st- and 
2nd-generation DES in 331 patients with SVG dis-
ease showed a reduction in MACE mainly driven by 

a reduction in TVR with 2nd-generation DES [21]. In 
our study there was no reduction in TVR despite pre-
dominant use of 2nd-generation DES. However, this 
effect may have been reduced due to higher preva-
lence of underlying in-stent restenosis in patients 
treated with DES and the longer length of stent used 
in the DES group.

Table 2. Procedural variables for vein graft interventions treated with bare-metal stents or drug-
eluting stents.

  BMS (n = 87) DES (n = 66) p-value

Presentation

STEMI 12 (14%) 5(8%) 0.25

NSTEMI 25(29%) 17(27%) 0.78

Unstable angina 21(24%) 22(35%) 0.16

Stable angina 28(33%) 19(30%) 0.76

Lesion characteristics

Lesion type B2/C 70 (84%) 57 (86%) 0.73

Restenosis lesion 4 (5%) 15 (23%) 0.0008

Procedural variables

GP IIb/IIIa Inhibitor 35 (40%) 16 (24%) 0.036

Protection device 3(3.5%) 4 (6%) 0.45

Mean number of stents per patient 1.4 + 0.80 1.6 + 0.90 0.12

Mean stent diameter (mm) 3.4 ± 0.66 3.31 ± 0.50 0.45

Mean total stent length (mm) 21 + 11.4 28 + 21.2 0.011

Maximum balloon pressure 14.4 ± 0.39 16.5 ± 3.5 0.0003

Final TIMI flow <3 8 (9%) 2 (3%) 0.11

BMS: Bare-metal stents; DES: Drug-eluting stents; GP IIb/IIa inhibitor: Glycoprotein IIb/IIIa inhibitor; NSTEMI: Non-ST elevation myocardial 

infarction; STEMI: ST elevation myocardial infarction. Lesion type B2/C as per American Heart Association/American College of Cardiology 

classification.

Table 3. Incidence of adverse events after vein graft interventions with bare-metal stents or drug-
eluting stents during 12 months follow-up.

  BMS (n = 87) DES (n = 66) p-value

Primary end point

TVR 16 (18%) 11 (17%) 0.78

Secondary end points

Death 3 (3.45%) 0 (0%) 0.13

MI 3 (3.45%) 5 (7.6%) 0.26

Stent thrombosis 4 (4.6%) 1 (1.5%) 0.27

Target vein PCI 11 (13%) 6 (9%) 0.49

CABG 3 (3.5%) 5 (7.6%) 0.26

Clinical in-stent restenosis 14 (16%) 10 (15%) 0.87

Stroke 0 0 –

CABG: Coronary artery bypass graft; MI: Myocardial infarction; PCI: Percutaneous coronary intervention; TVR: Target vessel 

revascularization. Clinical in-stent restenosis was defined as in-stent restenosis of >50% found on an angiogram performed for clinical 

indications.
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Figure 1. Kaplan–Meier curve showing increased target 
vessel revascularization in patients who had stent 
length of >20 mm used compared with ≤20 mm stent 
length. 
TVR: Target vessel revascularization.
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In our study there was no difference in the incidence 
of stent thrombosis in the two groups, although our 
study population is not large enough to detect differ-
ences in this rare event. Meta-analyses of observational 
studies and randomized trials have not shown a dif-
ference in the incidence of stent thrombosis with DES 
and BMS in patients with SVG disease [22,23].

Recent European Society of Cardiology guidelines 
on myocardial revascularization recommend DES for 
PCI of vein grafts  [24]. Compared with PCI of native 
vessels, SVG PCI is associated with a twofold increase 
in mortality at 30 days and 6 months and higher rates 
of repeat revascularization  [5]. In our study, incidence 
of TVR for SVG interventions with a stent length >20 
mm was 27% compared with 11% for stent length ≤20 
mm (p = 0.012). Repeat coronary artery bypass grafting 
is associated with a threefold increase in peri-operative 
mortality, as the procedure is technically challenging 
and the patients are usually older with multiple co-mor-
bidities [25]. Hence, whenever possible, it is reasonable to 
consider PCI of native vessels as an alternative to SVG 
PCI  [24]. In patients with diffuse and severe SVG dis-
ease whose native vessels are not suitable for PCI, repeat 
CABG should be considered [24].

Study limitations
The small sample size of this observational study may 
be the reason for the lack of difference seen in the two 
groups. However, the study included consecutive real 
life patients over a 6-year period, including those with 
high-risk features such as acute ST-elevation MI and 
restenotic lesions, which may not have been included 
in randomized studies. Also, the TVR rate of 18 ver-
sus 17% in BMS versus DES groups during a mean 
follow-up of around 400 days gives a realistic indica-
tion of outcomes in these two groups. There were more 
complex lesions in DES group (more in-stent restenosis 
and longer stent length) that may have made the results 
neutral. It is likely that operators favored the use of 
DES in the treatment of restenotic and longer lesions. 
Embolic protection devices were used infrequently in 
our cohort, but the usage was not different between 
the two groups. Another limitation is that SVGs can 
occlude silently without any symptoms. This can lead 
to an underestimation of the true graft failure rate. It is 
possible that this may have occurred in a small number 
of cases. Despite the neutral results of our study regard-
ing reduction of TVR with DES, we cannot rule out a 
benefit from DES in vein grafts due to the small size of 
our cohort and potential treatment bias.

Conclusion
In this observational study comparing predominantly 
2nd-generation DES with BMS in patients with SVG 

disease; there was no difference in MACE or TVR at 
12 months.

Acknowledgements
We acknowledge the contribution of all the Cardiac Catheter-

ization Laboratory nurses and technicians in caring for our pa-

tients and for their assistance in data collection.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involve-

ment with any organization or entity with a financial interest 

in or financial conflict with the subject matter or materials dis-

cussed in the manuscript. This includes employment, consultan-

cies, honoraria, stock ownership or options, expert testimony, 

grants or patents received or pending, or royalties. No writing 

assistance was utilized in the production of this manuscript.

Table 4. Multivariate analysis to determine variables associated 
with target vessel revascularization.

Variables Hazard ratio CI p-value

Age >70 years 0.79 0.28–2.08 0.64

Male 2.53 0.62–17.3 0.21

Diabetes mellitus 0.86 0.34–2.05 0.74

Presentation with ACS 0.90 0.36–2.45 0.83

Age of graft >12 years 0.63 0.26–1.5 0.30

Use of glycoprotein IIb/
IIIa inhibitor

1.38 0.69–2.76 0.36

Underlying in-stent 
restenosis

1.3 0.39–3.74 0.64

Stent diameter ≥3.5 mm 1.34 0.55–3.6 0.52

Stent length >20 mm 2.97 1.23–7.57 0.01

Use of DES 0.75 0.29–1.82 0.53

ACS: Acute coronary syndrome; DES: Drug-eluting stents.
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