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In April 1968, Rene Favaloro published his first description
of the coronary artery bypass graft (CABG) surgery.1 In the
50 years since then, CABG has been arguably the most
intensively studied surgical procedure. One of the most
important and persistent controversies has been the ideal
choice of conduits for revascularization, and in particular,
whether the use of multiple arterial grafts leads to signifi-
cantly improved long-term outcomes.2

Over the past 5 decades, a substantial amount of observa-
tional data reporting the beneficial effects of multiple arte-
rial grafts has been published. The overwhelming majority
of series reported a survival advantage, using predominantly
either internal thoracic or radial arteries.3,4 Notably, even
with propensity matching, these studies were almost
exclusively based on retrospective observational data, and
until<2 years ago, no adequately powered, comparative,
randomized trial had been published.

The better outcomes associated with arterial grafts are hy-
pothesized to result from their superior angiographic
patency. Randomized trials and a network meta-analysis
have consistently shown arterial conduits to have better
mid- and long-term patency rates than saphenous vein grafts,
providing a likely mechanistic explanation of the improved
outcomes associated with the use of arteries.5 Of note, this
finding is currently based on a larger number of trials and pa-
tients for the radial artery (9 trials, n ¼ 2366) than for the
right internal thoracic artery (2 trials, n ¼ 304) (Figure 1).

Such observational evidence has been progressively
incorporated into guidelines and professional societies’ po-
sition papers, so that the use of multiple arterial grafts for
CABG is increasingly recommended in U.S. and European
guidelines and in a recent Society of Thoracic Surgeons po-
sition paper.6-8

ARTERIAL REVASCULARIZATION TRIAL
In this scenario of nonrandomized (but widely accepted)

evidence of the superiority of arterial grafts, the American
Heart Association’s November 2016 presentation and

publication of the planned 5-year interim analysis (of 10-
year survival, a primary outcome) of ART (Arterial Revas-
cularization Trial) surprised the CABG world.9 ART is, by
far, the largest randomized study on the use of arterial
grafts, involving 28 centers in 7 countries and 3,102 patients
randomized to receive single internal thoracic arteries
(SITAs) or bilateral internal thoracic arteries (BITAs). At
5 years, no difference between the 2 arms in survival and
event-free survival was found (hazard ratio: 1.04; 95% con-
fidence interval: 0.81 to 1.32; and hazard ratio: 0.96; 95%
confidence interval: 0.79 to 1.17, respectively) and the sur-
vival curves were very similar. It remains to be seen if any
significant differences emerge at the final 10-year follow-
up. Notably, at 5 years, a treatment age interaction close
to statistical significance was observed in favor of BITAs
in patients under 70 years of age.
There are, however, several potential limitations to ART.

First, the lower than predicted event rates resulted in an un-
derpowered sample size at 5 years. Second, overall, there
was a high differential crossover rate, with 15% of BITAs
crossing to SITAs, but only 4% of SITAs crossing to BITAs.
Per surgeon, the BITA to SITA crossover rate varied from
0% to 100%, raising questions regarding some surgeons’
experience with BITA grafting.10 Third, around 20% of pa-
tients receiving a SITA graft also received a radial artery
graft, which may have further narrowed any potential differ-
ences between SITA and BITA.4 Fourth, particularly high
compliance with guideline-directed medical therapy may
have reduced the overall risk of vein graft failure.
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Saphenous vein (SV ) vs radial artery (RA) or right in-

ternal thoracic artery (RITA) in RCTs.

Central Message

It is time to clarify the effect of the procedural

characteristics of the coronary bypass operation

on clinical outcomes. Randomized trials and in-

ternational collaboration will be key for this.
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Despite these limitations, ART remains the most solid
available evidence comparing SITA versus BITA grafts.
Furthermore, although the results of ART contradict much
of the results of published observational studies, they are
consistent with Cleveland Clinic results from almost 20
years ago reporting a survival benefit of BITA grafts only
after 5 years.11

Nevertheless, the results of the 5-year interim analyses of
ART were a wake-up call for the CABG community, lead-
ing to critical re-evaluations of existing published evidence,
recognizing the limitations of even the highest-quality
observational evidence.12

Even before the final 10-year results are known, ART has
already taught us a seminal lesson: randomized data are
mandatory to appropriately address the question of the
benefit of the use of multiple arterial grafts for CABG.
Observational studies have intrinsic limitations that are
impossible to neutralize, even using the most complex sta-
tistical techniques for risk adjustment.12

THE RADIAL PROJECT
RADIAL (Radial Artery Database International ALli-

ance) is an international alliance of investigators who aim
to provide the basis for meta-analytic studies on the use
of the radial artery for CABG. The project was initiated
in March 2015, and is funded by the Department of Cardio-
thoracic Surgery of Cornell Medicine in NewYork. The first
RADIALmeeting was held in April 2016 at the 96th annual
meeting of the American Association of Thoracic Surgery
in Baltimore, Maryland.

RADIAL’s primary objective was to combine individual
patient data from all of the randomized trials comparing the

radial artery and the saphenous vein as supplemental con-
duits for CABG. Using a sample size calculation based on
published contemporary CABG trials, the RADIAL investi-
gators estimated that the analysis would have enough power
to detect moderate differences in cardiac events at the
midterm follow-up.13

Until RADIAL, all of the individual randomized trials
comparing the radial artery and the saphenous vein had pri-
mary angiographic outcomes and were largely underpow-
ered to evaluate differences in clinical events. Although
the superior patency rate of the radial artery was estab-
lished, there was no evidence available on any potential
clinical benefit for outcomes.

The principal investigators of all 6 randomized trials on
the radial artery with extended follow-up (from Australia,
Canada, Korea, Italy, Serbia, and the United Kingdom)
agreed to provide individual patient data and then follow-
up data. The results were presented at the 98th annual
meeting of the American Association of Thoracic Surgery
and published simultaneously in the New England Journal
of Medicine in April 2018, 50 years after the Favaloro paper
was published.

At a mean follow-up of 5 years, use of the radial artery
was associated with a significantly lower risk of adverse
cardiac events, repeat revascularization, and myocardial
infarction, and a better patency rate compared with the
saphenous vein (patency rates 91.9% vs 80.2%;
P ¼ .001).14 At 5 years, there were no significant differ-
ences in mortality (7.5% for radial artery and 8.4% for
saphenous vein; P ¼ .68), but with the almost exponential
increase in the risk of occlusion of vein grafts in the mid-
and long-term, it is not yet known if a difference in survival
will become apparent at longer follow-up. This was the first
time in the history of CABG that clinical benefits associated
with the use of an additional arterial graft were demon-
strated by randomized trials.

IMPORTANCE OF INTERNATIONAL
COLLABORATION

The 5-year analysis of ART and the consequent critical
revision of observational published studies on the use of
additional arterial grafts clearly indicate that randomization
is the only way to neutralize the unmeasurable confounders
intrinsic to observational studies comparing single versus
multiple arterial grafts.12 However, randomized trials are
expensive and extremely difficult to realize. ARTwill pub-
lish its final 10-year results this year, a landmark achieve-
ment for published CABG studies. A second large
randomized trial comparing single versus multiple arterial
grafts (ROMA [Randomized comparison of the clinical
Outcome of single versus Multiple Arterial grafts]) is
currently in its initial phase of enrollment, and analysis of
the primary outcome will not be completed for another 5
to 7 years.

FIGURE 1. Saphenous vein versus radial artery or right internal thoracic

artery in randomized controlled trials. There have been 9 randomized trials

(n ¼ 2366) comparing the patency rate of the radial artery (RA) and the

saphenous vein (SV). For the right internal thoracic artery (RITA), the com-

parison has been performed in 2 randomized studies (n ¼ 304). RCT, Ran-

domized controlled trial.
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