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We read with great interest the DIVA (Drug eluting stent
versus bare metal stent in saphenous vein graft angioplasty)
trial by Brilakis and colleagues (1) that was designed to
answer a remaining controversial question on the choice of
the optimal stent type for the treatment of saphenous vein
grafts (SVG) failure. This trial was undertaken by leading
investigators in percutaneous coronary implantation (PCI)
who compared the efficacy of drug-eluting stent (DES)
with bare-metal stents (BMS) for the treatment of de novo
SVG stenosis. SVG failure following coronary artery bypass
graft (CABG) surgery is a common finding with a reported
rate ranging from 25 to over 50% within 10 years (2).
It is a serious clinical issue and repeat CABG for SVG
occlusion is associated with poor outcomes (3). Therefore,
PCI represents the preferred treatment option when native
coronary PCI is not feasible and represents 6% of all PCls
in the United States (3,4). Nevertheless, SVG PCIs are at
risk of higher complications and worse outcome compared
to native coronary artery intervention (5). While evidence
of the superiority of DES over BMS is well demonstrated in
native coronary artery PCI, conflicting data are available on
the optimal stent to use in SVG failure.

Before the DIVA trial, four randomized trials designed
to assess the efficacy of DES over BMS in SVG failure
were conducted [RRISC (6), SOS (7), ISAR-CABG (8) and
BASKET-SAVAGE (9) trials] and all showed the superiority
of DES over BMS in reducing the primary endpoint at
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6 or 12 months (Tuable 1). Because of their various sizes,
substantial limitations and controversial data at long
term follow-up, results from these trials could not be
extrapolated. In that context, the results of the DIVA trial
were widely expected. The DIVA trial was a double-blind,
randomized controlled trial conducted in 25 American
departments of Veterans affairs centers. Among 3,482
screened patients, 597 (17%) patients met eligibility criteria
[patients aged at least 18 years, with at least one significant
de-novo SVG lesion (50-99% stenosis of a 2.25-4.5 mm
diameter SVG) requiring PCI with intent to use embolic
protection devices, and agreed to participate and take
medication as prescribed]. They were randomly assigned
to either DES (n=292) or BMS (n=305). The primary
endpoint was a 12-month incidence of target vessel failure
(TVEF) defined as a composite of cardiac death, target vessel
myocardial infarction or target vessel revascularization
(TVR). The DIVA trial showed no difference between DES
and BMS on the primary endpoint at 12 months which
occurred in 17% of the patients assigned to DES vs. 19%
of the patients from the BMS group (adjusted hazard ratio
0.92; 95% CI, 0.63-1.34, P=0.70). In both groups, TVF
was mainly driven by TVR (12% in the DES group vs. 11%
in the BMS group). In addition, no difference was found
among all individual endpoints of the composite primary
endpoint.

This is the first trial that failed to show the superiority of
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Table 1 Differences among randomized controlled trials evaluating DES and BMS for SVG failure

Follow-up
Number of Event rate, DES
Study g;:iei;so Type of DES Type of BMS Primary Endpoint  duration, VeCs.raI;I\G;I S P value
months
RRISC 75 1% generation Bx velocity® In-stent late lumen 30.5* 0.38+0.51 vs. 0.001
Cypher® loss (mm) 0.79+0.66
SOS 80 1 generation Express” Binary in-segment 35* 9% vs. 51% <0.0001
Taxus® restenosis
ISAR-CABG 610 1% generation Multilink Vision®; Driver Death, MI, TVR 12 15% vs. 22% 0.02
Cypher® stent®; Yukon stent®
or Taxus®
BASKET-SAVAGE 173 1% generation Liberté® MACEs 36** 2% vs. 12% <0.001
Taxus®
DIVA 597 2 generation Integrity®, Multi-Link TVF 32* 19% vs. 17% 0.70
Majority of Promus®, Vision®

Xience®, Resolute®

DES, drug-eluting stent; BMS, bare-metal stent; MACE, major cardiac events; MI, myocardial infarction; TVR, target vessel
revascularization; TVF, target vessel failure: composite of cardiac death, target vessel myocardial infarction or TVR. *, If no acute coronary

syndrome; **, median is reported.

DES over BMS at 12 months follow-up. Nevertheless, these
results do not deliver a completely new message. They are
consistent with long-term results of previous trials which
found a loss of superiority of DES over BMS at long term
follow-up (i.e., 3-year follow-up of the RRISC trial (10) and
5-year follow-up of the ISAR-CABG trial (11). In contrast,
other studies with long-term follow-up such as SOS or
BASKET-SAVAGE, which used only first-generation
paclitaxel-eluting stents, showed a sustained benefit. If large
randomized trials have confirmed that DES were associated
with a lower risk of restenosis as compared with BMS for
native coronary arteries, these results mainly highlight that
SVG disease does not have the exact same pathophysiology
than native coronary artery disease (CAD) and portends
a higher risk of complications (12). Indeed, histological
findings showed that SVG atherosclerotic lesions are usually
concentric, with diffuse foam cells present on the luminal
surface in early disease and a larger number of foam cells
and extracellular lipids in the intima in advanced disease.
In addition, these lesions often present an inflammatory
infiltrate in the intima, consisting of lymphocytes, plasma
cells and macrophages, which sometimes infiltrate the
medial and adventitial layers. Therefore, the SVG plaques
are fragile with no fibrous cap to prevent the lesion
components from contact with the blood stream. These
lesions differ substantially from those of native coronary
atherosclerotic lesions, which are usually eccentric, have a
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fibrous cap and fewer inflammatory cells (13). In addition,
because of this heavy atherosclerotic burden in SVG and
the frequent distal embolization of friable material during
PCI, both short and long-term results of SVG PCI cannot
be reproduced as compared to native coronary artery
PCI. Nevertheless, these differences cannot solely explain
the differences between the results of the DIVA trial as
compared to previous trials.

First, the main difference of the DIVA trial with
previous trials was the quasi systematic use of contemporary
secondary generation DES whereas first generation stents
eluting paclitaxel and sirolimus were implanted in the other
trials (i.e., Cypher (sirolimus-eluting stent) in the RRISC
trial, Taxus (paclitaxel-eluting stent) in the SOS and the
BASKET-SAVAGE trials and either Cypher or Taxus in the
ISAR-CABG trial). Given the different pathophysiological
perspective between SVG disease and native CAD, the
pharmacological effect of the different drugs on the vessel
wall might also be different in SVG and in native coronary
arteries. Jeger er al. hypothesized that the specific effect
of the drugs used in first-generation DES, particularly
paclitaxel, might lead to an adequate treatment effect in
SVG, whereas the smaller amount of smooth muscle cells in
the walls of SVG, compared with native coronary arteries,
might not necessitate drugs as effective as in second-
generation DES (14). However, safety of primary stent
generation is also unproven as higher events were found in

7 Thorac Dis 2019;11(Suppl 3):S399-5403



Journal of Thoracic Disease, Vol 11, Suppl 3 March 2019

the DES group in the long-term follow-up of the RRISC
and ISAR-CABG trials. In addition, a recent meta-analysis
of specific trials which compared the efficacy of first versus
second-generation DES found a superiority of second-
generation DES in the treatment of SVG failure (15). One
other hypothesis to explain the lack of difference between
DES and BMS in the DIVA trial is the use of more recent
BMS with thinner platforms that could have reconciled
differences between BMS and DES.

Second, the secondary prevention of the atherosclerostic
disease progression has become more aggressive in the last
decade with the emergence of more powerful antiplatelet
and statin therapy. This might also mitigate differences
between DES and BMS in such small sample size trials.
Comparison of dual antiplatelet therapy duration, the use
of statins and low-density lipoprotein cholesterol levels
could have also been informative. Unfortunately, such
data were not consistently reported in all trials. Indeed,
even if recent small-sized randomized controlled trial (16)
showed no difference in vein graft occlusion 1 year after
CABG between high and low-dose atorvastatin, meta-
analysis demonstrated that compared with moderate statin
therapy, long-term aggressive statin further decreased
the atherosclerotic progression of SVG, and reduced
the risks of repeated myocardial infarction and coronary
revascularization after CABG (17). Therefore, as low-
density lipoprotein cholesterol objectives have varied
during the timeframes of the DIVA and previous trials, this
parameter might have mitigated these results. In addition,
looking at patient characteristics, the ISAR-CABG trial,
enrolled fewer diabetics (36% wvs. 60%), fewer hypertensive
(72% vs. 96%), fewer current smokers (7% vs. 22.5%), more
stable angina patients (61% vs. 32%), and lower body mass
index patients (27.5 vs. 30.6), as compared with the DIVA
trial. The over-representation of diabetic patients in the
DIVA trial (59% vs. 46% in BASKET-SAVAGE, 16% in
RRISC, 44% in SOS, and 37% in ISAR-CABG) could have
impacted the results. Because of differences in anatomical
vascular wall constitution, the superiority of DES over BMS
in SVG failure in diabetic patients may not be as strong
as it is in native coronary artery lesion. Nevertheless, it is
unclear whether such differences in patient demographics
could have an effect on the comparison and the examined
outcomes.

Third, we can hypothesize that the systematic intent to
use of embolic protection device (level class I in American
Heart Association guidelines) (18) that was specifically
mentioned in the eligibility criteria unlike in the other

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

$401

trials could have influenced outcomes by reducing events.
Nevertheless, we observed that embolic protection device
was not systematically used in the DIVA trial, 69% of the
procedures (same rate as in the RRISC trial). As the use of
embolic devices was extremely variable in the different trials
(<5% in the ISAR-CABG, 80% in the RRISC trial), we can
scarcely conclude on the impact of embolic devices on the
results of the DIVA trial. Moreover, the systematic use of
such a device in SVG PCI was recently debated in the light
of a recent meta-analysis that showed no benefice of routine
use of embolic device during SVG PCI (19).

Fourth, the DIVA trial reported an impressively high
rate of TVF at a median follow-up of 2.7 years (i.e., 34%
with BMS vs. 37% in DES) and might just highlight the
aggressive nature of SVG disease and the overall worse
outcomes compared to native vessel CAD. This highlights
the importance to perform native coronary artery PCI
whenever feasible, rather than SVG PCI (20).

Based on these discrepancies among results, using
different stents types, at different timeframes with probably
different medical therapies, and with such small cohorts as
compared to stent trials sizes that demonstrated benefit of
DES over BMS in native coronary arteries, it is therefore
difficult to draw definitive conclusions. Indeed, we could
hypothesize that the ideal stent type for SVG disease could
be different from the one used for native vessel disease
given the different nature of SVG disease pathophysiology.
Nevertheless, large-scale, well-conducted, randomized trials
are unlikely to be performed given the difficulty to recruit
patients in the last largest randomized controlled trials.

Therefore, how should SVG failure be treated? Efforts
should be put to treat native coronary artery and be
preferred to treating the bypass graft lesion, as it is likely
to provide better long-term patency rates (21). However,
such procedures can sometimes be complex, with old
chronic total occlusions, involving bifurcations and calcified
vessels requiring expertise in the treatment of these lesions.
Nevertheless, this should not be a drawback to their
treatment but should rather encourage cardiologists to
refer these patients to experienced operators or chronic
total occlusions specialists. Redo CABG surgery should be
avoided as it carries high complication risk, especially in
patients with patent internal thoracic artery graft. In the
end, if PCI of the bypass graft has to be performed, the
choice between BMS and DES are likely to be based on
economical decision as there is no clear benefit of DES
compared to BMS, suggesting that the lower cost BMS can
be used in SVG lesions without compromising either safety
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or efficacy. These decisions might differ between countries,
depending on local stent pricing. In all cases, prolonged
dual antiplatelet therapy if possible, and intensive statin
therapy or other lipid-lowering drugs should be used to
reduce the risk of recurrent events (22).
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