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ABSTRACT: Observational and randomized evidence shows that 
arterial grafts have better patency rates than saphenous vein grafts 
(SVGs) in coronary artery bypass grafting. Observational studies 
suggest that the use of multiple arterial grafts is associated with 
longer postoperative survival, but this must be interpreted in the 
context of treatment allocation bias and hidden confounders intrinsic 
to the study designs. Recently, a pooled analysis of 6 randomized 
trials comparing the radial artery with the SVG as the second conduit 
and the largest randomized trial comparing the use of single and 
bilateral internal thoracic arteries have provided apparently divergent 
results about a clinical benefit with the use of >1 arterial conduit. 
However, both analyses have methodological limitations that may have 
influenced their results. At present, it is unclear whether the well-
documented increased patency rate of arterial grafts translates into 
clinical benefits in the majority of patients undergoing coronary artery 
bypass grafting. A large randomized trial testing the arterial grafts 
hypothesis (ROMA [Randomized Comparison of the Clinical Outcome 
of Single Versus Multiple Arterial Grafts]) is underway and will report 
the results in a few years.

For >20 years, it has generally been accepted that patients who receive multiple 
arterial grafts at the time of coronary artery bypass surgery (CABG) have better 
long-term survival compared with those who receive only 1 arterial graft.1–3 

Accordingly, current US and European guidelines encourage the use of multiple 
arterial grafts in patients with a long life expectancy4,5; a position paper from the 
Society of Thoracic Surgeons strongly recommended wider use of arterial grafts.6

The evidence on the survival benefits of arterial grafts may appear compelling, 
but it is based almost exclusively on observational series.

ART (Arterial Revascularization Trial), the largest randomized, controlled 
trial (RCT) comparing the clinical outcomes of patients with CABG receiving 
1 versus 2 internal thoracic arteries (ITAs), reported its 10-year results in early 
2019.7 In the intention-to-treat analysis, no difference was found in survival 
and event-free survival between patients randomized to receive 1 ITA and those 
randomized to receive 2 ITAs. A few months before, in the RADIAL (Radial Ar-
tery Database International Alliance) study, a patient-level pooled analysis of 
the RCTs comparing the radial artery (RA) and the SVG as the second conduit 
for CABG, a significant reduction in adverse cardiac events with the RA was 
reported at 5 years.8
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We herein critically review the current evidence on 
the use of arterial grafts for CABG and further explore 
the implications of these findings for routine clinical 
practice.

METHODS
The ATLANTIC (Arterial Grafting International Consortium) 
Alliance is a voluntary international group of investigators 
dedicated to CABG with a particular focus on the use of mul-
tiple arterial grafts. The consortium was established in 2017 
with the purpose of providing updated and comprehensive 
reviews on the topic; for projects requiring expertise in fields 
not covered by the members of the writing groups, external 
contribution was sought. The full list of the ATLANTIC mem-
bers and of the published review papers is provided in the 
online-only Data Supplement.

Search Strategy
A search to identify relevant studies for the present narrative 
review was last updated on March 18, 2019, in the following 
databases: Ovid MEDLINE (all; 1946–present); Ovid EMBASE 
(1974–present); and the Cochrane Library (Wiley). The search 
strategy included all appropriate controlled vocabulary and 
key words for the interventions: radial artery, gastroepiploic 
artery, internal thoracic artery, and internal mammary artery 
coupled with coronary surgery, myocardial revascularization, 
coronary artery bypass, CABG, and patency. The full search 
strategy for Ovid MEDLINE is available in Table I in the online-
only Data Supplement.

Study Selection
Searches across the chosen databases retrieved 53 415 
results. After duplicated results were removed, 2 independent 
reviewers (M.G. and A.D.F.) screened a total of 4535 citations. 
Discrepancies were resolved by consensus. Relevant abstracts 
were reviewed, and the related articles function was used for 
all included articles. References from selected studies were 
cross-checked. After collegial discussion, the most relevant 
articles according to the authors’ opinion were selected and 
form the basis of the present critical review. Animal stud-
ies, case reports, conference presentations, editorials, expert 
opinions, and studies on pediatric populations were excluded 
(characteristics of the included papers are summarized in 
Table II in the online-only Data Supplement).

The full Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses9 flow diagram outlining the study selec-
tion process is available in Figure I in the online-only Data 
Supplement.

REVIEW
Angiographic Outcome of Arterial and 
Venous Grafts
Evidence From Observational Data
In observational series, the patency rate of arterial 
grafts has been shown to be excellent and generally 
superior to that of SVGs. Tatoulis and associates10 re-

ported 15-year left (LITA) and right ITA (RITA) patency 
rates of >95% and >90%, respectively. The RA shows 
patency rates of >90% at 10 years11 and >85% at 
20 years when anastomosed to a target vessel with 
≥90% stenosis.12

In comparison, the patency of SVGs is considerably 
lower. SVG patency at 5 and 10 years ranges between 
75% and 86% and 55% and 60%, respectively,11,13,14 
with an attrition rate of 1%/y to 2%/y between 1 and 6 
years and of 4%/y between 6 and 10 years.15

Possible biases in terms of target vessel and patient 
selection and surgeon expertise must be taken into ac-
count in the evaluation of these observational series.

Evidence From RCTs
The randomized PREVENT IV (Project of Ex Vivo Vein 
Graft Engineering via Transfection IV; including 1828 
patients undergoing protocol-mandated follow-up 
angiography 12–18 months after CABG or earlier clin-
ically driven angiography) reported an SVG patency of 
only 75%.16

The RCT-based evidence of better patency rate for 
arterial conduits compared with SVG is based on 8 
RCTs11,17–23 (2166 patients) for the RA and on 2 RCTs21,24 
(304 patients) for the RITA.

Although no difference was reported in 1-year 
patency, in all the studies comparing the patency 
rates of the RA and the SVG that extended the fol-
low-up beyond 1 year, better patency rates for the 
RA were demonstrated when the artery was used 
to bypass severe stenosis following guidelines and 
recommendations from societies (Figure 1).11,17–23 In 
fact, the only study that reported lower patency rate 
for the RA was the one in which severity of the ste-
nosis was not considered when the use of the RA 
was planned.25

Similarly, when RITA patency rate at 1 year was com-
pared with that of SVG, no statically significant differ-
ences were shown (97.9% in the SVG group versus 
96.9% in the RITA group; P=0.36),24 whereas superior 
results were demonstrated for the artery at longer (4-
year) follow-up (95% versus 90% patency rate for RITA 
versus SVG respectively, P=0.001).21

Benedetto and colleagues26 summarized the ran-
domized evidence in a network meta-analysis of 9 angi-
ographic RCTs and showed a significantly increased risk 
of late (>4 years) SVG graft occlusion compared with 
the RITA (odds ratio [OR], 4.07 [95% CI, 1.28–20.88]) 
and RA (OR, 2.94 [95% CI, 1.36–9.00]). 

In conclusion, evidence from not only observation-
al data but also RCTs suggests that the use of arterial 
grafts results in improved late graft patency. The dif-
ference between the results at 1 year and at later fol-
low-up is likely the result of the described progressive 
increase of the attrition rate of SVG grafts in the years 
after surgery.27
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Clinical Outcomes of Arterial and Venous 
Grafts

Two Arterial Grafts: Bilateral ITAs
Evidence From Observational Data
Since 2001, 5 systematic reviews and 1 meta-analysis 
have compared the clinical outcome of patients with 
CABG receiving single LITA and those receiving bilat-
eral ITAs (BITA).2,3,28–31 All of them reported a statisti-
cally significant survival advantage associated with the 
use of BITA.

In the most recent systematic review by Buttar and 
coauthors,28 29 observational studies (89 399 patients) 
were analyzed. Patients in whom BITAs were used had 
significantly improved long-term survival (hazard ratio 

[HR], 0.78; P<0.00001) and reduced hospital mortality 
(1.2% versus 2.1%; P=0.04), cerebrovascular accidents 
(1.3% versus 2.9%; P=0.0003), and need for revascu-
larization (4.8% versus 10%; P=0.005) rates compared 
with those receiving only a single ITA graft, although 
the incidence of deep sternal wound infection was in-
creased (1.8% versus 1.4%; P=0.0008). The lower risk 
of stroke could be related either to less aortic manipu-
lation or to confounding related to lower-risk patients 
who received BITA.

Despite the potential benefit of BITA, the applica-
tion of this technique in patients with diabetes mellitus 
has been controversial, mainly because of the potential 
for increased risk of deep sternal wound infections in 
this population.32 However, 3 meta-analyses reported 

Figure 1. Results of randomized trials comparing the patency rate of the radial artery (RA) with other conduits.  
In the study by Dreifaldt et al,22 antispasm therapy was not systematically administered in patients with RA grafts, and no stenosis cutoff was used for RA graft-
ing (RA anastomosed to target with stenosis <70% in 31% of the cases and <90% in 69% of the cases). RAPCO indicates Radial Artery Patency and Clinical 
Outcomes; RAPS, Radial Artery Patency Study; RCT, randomized, controlled trial; RITA, right internal thoracic artery; RSVP, Radial Artery Versus Saphenous Vein 
Patency; SVG, saphenous vein graft; and VA, Veterans Affairs.
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that the risk of deep sternal wound infections in pa-
tients with diabetes mellitus is similar to that of LITA 
when skeletonized BITA harvesting is performed.33–35 In 
the most recent analysis, Zhou and colleagues35 pooled 
data from 129 871 patients with diabetes mellitus 
(124 233 LITA, 5638 BITA) and found that, although the 
overall incidence of deep sternal wound infection with 
BITA was significantly higher than with LITA (3.26% for 
BITA versus 1.70% for LITA; P<0.001), there was no 
significant difference between the 2 groups when skel-
etonized harvesting technique was adopted (2.46% for 
LITA versus 2.48% for BITA; P=0.84). Skeletonized har-
vesting better preserves sternal perfusion and has been 
shown to significantly reduce the risk of sternal wound 
complications.36,37

Evidence From RCTs
In contrast to the large observational evidence before 
ART, only 2 RCTs have compared the outcomes of pa-
tients receiving LITA and BITA. One of them was a fea-
sibility analysis that clearly was underpowered to detect 
even large clinical differences between groups (162 pa-
tients, 81 per group).38

In the Stand-in-Y trial (which was also underpow-
ered to detect any survival difference), 850 patients 
were randomized to LITA or 3 different strategies of 
multiple arterial grafting, including BITA. At the 2-year 
follow-up, the use of BITA was associated with signifi-
cantly better event-free survival (P<0.001) but similar 
overall survival (P=0.59).39

The ART trial is the largest RCT designed to compare 
BITA and LITA, with a sample size of 3102 patients (en-
rollment phase, June 2004–December 2007).7 The trial 
included 28 centers from 7 countries and was powered 
to detect a 20% relative difference and a 5% absolute 
difference in all-cause mortality at 10 years (primary 
outcome).

At 10 years, the intention-to-treat analysis showed 
no difference in survival and event-free survival be-
tween BITA and LITA (Figure 2).

Notably, as a result of a higher-than-anticipated 
rate of crossover from BITA to single ITA (14%) and 
the frequent use of the RA in both groups (≈20%), 
only 1330 of the 1554 patients with LITA actually 
received a single arterial graft. In an as-treated ob-
servational analysis comparing patients who received 
multiple arterial grafts (either LITA-RA or BITA) with 
those who received a single arterial graft, the risks of 
10-year mortality and major adverse events were sig-
nificantly lower in the multiple arterial grafting group 
(adjusted HR, 0.81 [95% CI, 0.68–0.95] and adjusted 
HR, 0.80 [95% CI, 0.69–0.93] for mortality and ma-
jor adverse events, respectively; Figure 3). Although 
the baseline characteristics of the patients with sin-
gle and multiple arterial grafts were very similar and 
risk adjustment is probably more solid in the context 
of an RCT, this analysis still shares the limitations of 
observational studies.

There are several possible explanations for the dis-
crepancy between the results from ART and previous 
observational evidence. Comparative observational 
studies suffer from an intrinsic selection bias and from 
hidden potential confounders that even advanced sta-
tistical methods may not entirely eliminate.40

In addition, alternative explanations need to be con-
sidered. The sample size of ART was calculated on the 
basis of a meta-analysis published in 2001 that included 
studies from the 1970s, 1980s, and 1990s.2 The prog-
ress in secondary prevention over the last 20 years has 
improved the postoperative survival of patients with 
CABG, and in fact, in the final analysis, the control 
event rate in ART was 20% lower than expected and 
identical to the hypothesized rate in the treatment arm. 
Patients in ART had high compliance with guideline-

Figure 2. Intention-to-treat analysis for the 
primary outcome of death resulting from 
any cause and the composite outcome of 
death resulting from any cause, myocardial 
infarction, or stroke at 10 years in ART 
(Arterial Revascularization Trial).7  
HR indicates hazard ratio.
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directed medical therapy (81% of patients on aspirin, 
74% on β-blockers, and 90% on statins at 10 years).

In addition, the sizeable proportion of patients in 
the LITA group who received an RA graft (23%) is 
a potentially important confounder, given the bet-
ter patency rates and clinical outcomes of RA grafts 
compared with SVGs,11,23,26 and may have further nar-
rowed any potential differences in clinical outcome 
between the LITA and BITA groups. The ART investiga-
tors have published a post hoc analysis reporting that 
at 5 years the use of an RA graft was associated with 
significantly lower incidence of major adverse events 
in both groups, although selection bias could contrib-
ute to this finding.41

Finally, the high rate of crossover is of concern. 
Crossover was 4-fold higher in the BITA arm (16.4% 
versus 3.9% in the LITA group), and the crossover 
rate from BITA to single ITA varied from 0% to 100% 
among the 131 ART surgeons.42 In the protocol, the 
ART investigators do not quantify the expected cross-
over rate but clearly state that they expected an high 
compliance with the protocol (“As the intervention is 
the operation, compliance is likely to be 100% except 
in the unusual situation where the planned operation 
is not possible for technical reasons”). The high cross-
over rate observed in ART not only dilutes the potential 
treatment effect but may indicate lack of confidence 
with the systematic use of BITA of some of the ART sur-
geons. As specified in the ART protocol, in experienced 
hands, conversion from BITA to single ITA is unlikely to 
occur. This is important because it has been shown that 
the results of BITA grafting are significantly associated 
with surgeon experience and that patients operated on 
by low-volume BITA surgeons have worse short- and 
long-term outcome than patients operated on by high-
volume BITA surgeons.43,44 Notably, even in the context 
of ART, for surgeons who enrolled >50 cases in the trial, 

the use of BITA was associated with better outcomes, 
including survival.7

Two Arterial Grafts: ITA and RA

Evidence From Observational Data
In a large propensity score–matched series including 
9005 patients with CABG, survival was 83.2% versus 
79.4% at 10 years for patients receiving RA versus 
SVG, respectively; RA use was associated with a low-
er risk for late death (HR, 0.75 [95% CI, 0.57–0.98]; 
P=0.03). Of note, the survival advantage associated 
with RA was maximum in patients ≤60 years of age 
(upper limit of 95% CI, <1) and gradually declined 
with increasing age.45

Tranbaugh and colleagues46 compared 14-year out-
comes in propensity-matched patients undergoing 
isolated, primary CABG with the use of the RA versus 
SVG. Although no differences between the groups 
were found in terms of hospital mortality (0.1% for the 
RA versus 0.2% for the SVG), RA use was associated 
with significantly improved long-term survival (Kaplan-
Meier survival at 1, 5, and 10 years: 98.3%, 93.9%, 
and 83.1% for the RA group versus 97.2%, 88.7%, 
and 74.3% for the SVG; log rank P=0.001). 

A recent meta-analysis of observational studies com-
paring the RA with the SVG as the second conduit in 
CABG (20 931 patients; mean follow-up, 6.6 years) 
found similar risk for operative mortality (1.25% versus 
1.33%; OR, 0.93 [95% CI, 0.68–1.28]), perioperative 
myocardial infarction (OR, 0.96 [95% CI, 0.59–1.56]), 
and stroke (OR, 0.70 [95% CI, 0.43–1.13]) but lower 
long-term mortality in the RA group (24.5% in RA ver-
sus 34.2% in SVG group; incidence rate ratio, 0.74 
[95% CI, 0.63–0.87]; P<0.001).47

Evidence From RCTs
To date, 8 RCTs have compared the patency of the RA 
and SVG. All studies had primary angiographic out-

Figure 3. As-treated analysis of multiple 
(≥2) arterial grafts vs single arterial graft 
for death resulting from any cause and the 
composite outcome of death resulting from 
any cause, myocardial infarction, or stroke 
at 10 years in ART (Arterial Revasculariza-
tion Trial).7  
HR indicates hazard ratio.
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comes but were individually underpowered to detect 
moderate differences in mortality. Despite this, the 2 
RCTs with the longest follow-up, RAPS (Radial Artery 
Patency Study; 7.7 years) and RAPCO (Radial Artery 
Patency and Clinical Outcomes; 10 years), reported 
a tendency toward better clinical outcomes for the 
RA.11,23 An aggregate meta-analysis including 6 of the 
above-mentioned RCTs and a total of 1860 patients 
showed a trend to reduced cardiac death and myocar-
dial infarction and significantly reduced repeat coronary 
procedures for the RA (OR, 0.72 [95% CI, 0.30–1.73]; 
OR, 0.68 [95% CI, 0.33–1.38]; and OR, 0.27 [95% CI, 
0.13–0.56], respectively).48

Recently, RADIAL,8 a pooled individual-patient analy-
sis of 6 RCTs comparing the RA with the SVG as the 
second conduit for CABG with a follow-up of >2 years, 
showed that at midterm follow-up (5 years), the use 
of the RA led to a significant reduction of the com-
posite of death, myocardial infarction, and repeat re-
vascularization compared with the use of the SVG (HR, 
0.67 [95% CI, 0.49–0.90]; Figure 4). Significant differ-
ences were also reported for the individual outcomes 
of myocardial infarction and repeat revascularization 
(HR, 0.72 [95% CI, 0.53–0.99] and HR, 0.50 [95% CI, 
0.40–0.63], respectively) but not for mortality (HR, 0.90 
[95% CI, 0.59–1.41]). The patency rate of the RA was 
significantly higher than that of the SVG (HR, 0.44; 
[95% CI, 0.28–0.70]), providing a biological explana-

tion for the observed clinical differences. It is notable 
that in the RADIAL analysis the crossover rate ranged 
from 2.6% to 4.2%.

It must be noted, however, that the primary com-
posite outcome was driven mainly by the rate of repeat 
revascularization, an outcome that may be inflated in 
angiographic trials. In addition, despite the use of a 
pooled analysis, the sample size of RADIAL was rela-
tively small (1036 patients in the primary analysis), and 
confirmation of the results of RADIAL in other trials is 
mandatory.

In the most recent myocardial revascularization 
guidelines, the use of the RA to graft a target with se-
vere stenosis is a Class I, Level of Evidence B indication 
(whereas the use of BITA is a Class IIa, Level of Evidence 
B recommendation).5

Three Arterial Grafts: BITAs and RA

Evidence From Observational Data
To date, there has been conflicting evidence for the po-
tential benefit of a third arterial graft.49–56 In the only 
meta-analysis of propensity-matched series (8 studies; 
10 287 matched patients; 5346 two-artery grafts; 4941 
three-artery grafts; mean follow-up time, 37.2–196.8 
months), survival was significantly longer among pa-
tients receiving 3 versus 2 arterial grafts (HR, 0.8 [95% 
CI 0.75–0.87]).57 In another meta-analysis including 
mostly unadjusted studies (130 305 patients; mean fol-

Figure 4. Cumulative incidence of the 
primary composite outcome and its indi-
vidual components of death, myocardial 
infarction, and repeat revascularization in 
the RADIAL study (Radial Artery Database 
International Alliance).8  
HR indicates hazard ratio.
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low-up range, 1–15 years), Yanagawa and associates58 
showed that patients receiving total arterial revascular-
ization had significantly longer survival compared with 
those who received single or double arterial grafts (in-
cident rate ratio, 0.85 [95% CI, 0.73–0.99]; P=0.04). 

A study of >50 000 patients based on the Australian 
and New Zealand Society of Cardiothoracic Surgeons 
database found that the use of any SVG was indepen-
dently associated with reduced survival up to 12.5 years 
after surgery (HR, 1.24 [95% CI, 1.18–1.30]).59 On the 
other hand, a propensity-matched analysis of the On-
tario state registry found no difference in major adverse 
cardiac and cerebrovascular events, death, myocardial 
infarction, stroke, or repeat revascularization at a mean 
follow-up of 4.2 years for patients receiving 2 versus 3 
arterial grafts (HR, 1.08 [95% CI, 0.94–1.25]).60

Evidence From RCTs
Limited evidence from RCTs on the effects of using 3 
arterial grafts is available.

Muneretto et al61 randomized 200 elderly patients 
(>70 years of age) to receive total arterial revasculariza-
tion or conventional revascularization with LITA+SVG. 
At a mean follow-up of 15 months, mortality was 
similar in the 2 groups, but a significantly lower in-
cidence of graft occlusion (P=0.009), angina recur-
rence (P<0.001), new myocardial infarction (P=0.026), 
or new percutaneous revascularization (P=0.012) was 
found in the total arterial revascularization group. In 
multivariable analysis, use of an SVG was found to be 
an independent predictor of graft occlusion and an-
gina recurrence.

Le and colleagues62 published a pilot RCT of 58 pa-
tients comparing total arterial grafting and conven-
tional CABG. The trial was aimed at proving feasibil-
ity, but the authors found no differences in terms of 
main in-hospital outcomes (mortality, stroke, deep ster-
nal wound infections) between the 2 groups. At the 
6-month follow-up, no differences in terms graft pa-
tency were evident when arterial grafts were compared 
with SVGs (P= 0.99).

RITA Versus RA as the Second Arterial 
Conduit
Evidence From Observational Data
In terms of clinical outcomes, in a meta-analysis of 8 
propensity score–matched studies including 15 374 pa-
tients, BITA compared with LITA/RA grafting was asso-
ciated with a reduction in late death (HR, 0.75 [95% 
Cl, 0.58–0.97]) and repeat revascularization (HR, 0.37 
[95% CI, 0.16–0.85]), although treatment allocation 
bias and outlier effect could have been responsible for 
this difference.63,64

The accepted downside of BITA use is an increased 
risk of sternal complications. A meta-analysis of obser-

vational studies including 173 000 patients reported a 
38% relative increase in deep sternal wound infection 
when a second ITA was used (1.6% LITA versus 2.05% 
BITA; relative risk, 1.38 [95% CI, 1.29–1.45]).65 The risk 
increases in patients with diabetes mellitus, chronic 
pulmonary disease, and morbid obesity; of note, these 
subjects might benefit from RA grafting. The use of the 
skeletonization technique for harvesting significantly 
reduces the risk of sternal complications associated 
with the use of BITA.37,42

In a recent review of the Society of Thoracic Sur-
geons database including data from 1 493  470 patients, 
Schwann and associates66 found that, compared with 
the standard operation with LITA+SVG, the use of BITA, 
but not of LITA+RA, was associated with a marginally 
increased risk of operative mortality (risk-adjusted OR, 
1.14 [95% CI, 1.00–1.30; P=0.05] versus 1.01 [95% CI, 
0.89–1.15; P=0.85] for BITA and LITA+RA, respectively) 
and a significant increase of the risk of sternal compli-
cations (risk-adjusted OR, 2.09 [95% CI, 1.80–2.43; 
P<0.001] versus 0.97 [95% CI, 0.83–1.13; P=0.70] for 
BITA and LITA+RA, respectively). The authors described 
a U-shaped volume-outcome relation, more evident for 
the BITA than for the LITA+RA procedure. A significant 
relationship between operator volume and short- and 
long-term outcomes for BITA has also been confirmed in 
a recent meta-analysis (34 studies included, 27 894 pa-
tients with BITA), showing that percentage use of BITA 
was significantly and inversely associated with long-
term mortality (β=−0.02, P=0.02 and β=−0.03, P=0.04, 
univariable and multivariable meta‐regression, respec-
tively) and the rate of deep sternal wound infections 
(β=−0.001, P=0.006 and β=−0.02, P<0.001, univariable 
and multivariable meta‐regression, respectively).43

Finally, a report based on 2006 to 2011 data from 
a large state registry including 126 centers in Califor-
nia found that, compared with RA grafts, BITA grafts 
were associated with similar survival (mortality rates at 
7 years, 10.3% versus 10.7% for BITA and RA, respec-
tively; HR, 1.10 [95% CI, 0.89–1.37]) but increased risk 
of sternal wound infection (2.29% versus 1.22% for 
BITA and RA, respectively; risk difference, 1.07% [95% 
CI, 0.15–2.07]).67

Evidence From RCTs
Presented results of the 10-year outcomes from the 
RAPCO trial (American Association for Thoracic Surgery 
96th Annual Meeting; May 2016; Baltimore, MD; still 
unpublished) showed similar occlusion rates (8.0% for 
RA, 11.2% for RITA; P=0.19) but better overall survival 
when using the RA compared with the RITA (90.4% for 
RA versus 82.9% for RITA; P=0.03).

In the aforementioned angiographic network meta-
analysis and in a smaller RCT, RITA patency and RA 
patency were statistically similar and superior to that 
of SVG.21,26
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Graft Type and Effect on Disease 
Progression in the Native Coronary 
Circulation
Evidence From Observational Data
Initial evidence supports the concept that the type of 
conduit used at the time of CABG has the potential to 
influence the native circulation after surgery.

Indirect evidence suggests that grafting with SVGs 
may accelerate the progression of the native coronary 
stenosis to total occlusion, whereas grafting with an 
arterial graft is associated with a reduced incidence of 
progression. In a post hoc observational analysis of an-
giographic follow-up of 911 patients with CABG, the 
new occlusion rate of vessels with SVG grafts was the 
highest, followed by vessels with arterial grafts and ves-
sels without bypass grafts, regardless of baseline steno-
sis (intermediate stenosis, 11.1% versus 5.2% versus 
1.7%, P<0.001; severe stenosis, 23.7% versus 15.9% 
versus 9.9%, P<0.001).68

Dimitrova and associates69 found that the use of ar-
terial grafts (the RA in particular) was associated with a 
75% decrease in disease progression in all coronary ter-
ritories compared with SVGs in an observational series. 
Zhang and associates70 compared the 5-year progression 
rate of distal disease in the left anterior descending cor-
onary artery in patients who received percutaneous cor-
onary intervention (PCI) with bare metal stents or drug-
eluting stents (DES) versus CABG using ITA. Patients 
treated with ITA had a significantly lower incidence of 
downstream disease progression (12.4% for ITA, 85.9% 
for bare metal stents, 24.1% for DES; HR, 0.34 [95% CI, 
0.20–0.59] and 0.39 [95% CI, 0.20–0.79], respectively).

Evidence From RCTs
In CASS (Coronary Artery Surgery Study), a significant 
increase in the left anterior descending coronary artery 
territory disease progression was observed in patients 
who received an SVG instead of an LITA graft.71 In the 
RAPCO trial, the use of arterial grafts instead of an SVG 
was an independent predictor of disease regression in 
the native vessel at the 6-year follow-up.72

The mechanisms of this protective effect of arterial 
grafts are speculative, but it is likely that the same anti-
inflammatory and antithrombotic mediators that pro-
tect arterial grafts from atherosclerosis might explain 
their protective action on the native downstream coro-
nary bed after CABG. However, the great majority of 
the evidence on this subject is observational, and target 
vessel selection bias and hidden confounders may, at 
least in part, explain this finding.

CABG With Arterial Grafts Versus PCI
Evidence From Observational Data
Few propensity score–matched studies have compared 
CABG using >1 arterial grafts with PCI.

Herz and colleagues73 analyzed 768 patients un-
dergoing multivessel myocardial revascularization: 
138 by PCI with DES and 630 by BITA. Assignment to 
the DES group was the only predictor of angina recur-
rence (OR, 2.78 [95% CI, 1.46–2.56]). One-year rein-
tervention-free survival was 96% for BITA and 86.6% 
for DES (P=0.005). Moshkovitz et al74 compared the 
outcomes in 226 patients with diabetes mellitus with 
BITA and 271 patients with diabetes mellitus with DES. 
The 5-year reintervention-free survival and major ad-
verse cardiovascular events–free survival were signifi-
cantly better in the BITA group (86% versus 65% and 
81% versus 54%, respectively). The PCI group had 
decreased adjusted survival (HR, 3.01 [95% CI, 1.59–
5.73]) and increased risk of reinterventions (HR, 7.00 
[95% CI, 3.1–15.7]).

Raja et al75 compared 4652 patients with CABG 
and 1474 with PCI. More than 1 arterial graft was 
used in 1372 patients with CABG (29.5%) and DES 
in 1222 patients with PCI (82.9%). Risk of late death 
at 4.9 years was comparable after DES-PCI and con-
ventional CABG (HR, 1.11 [95% CI, 0.9–1.33]). How-
ever, DES-PCI was associated with an increased risk of 
late death compared with CABG with >1 arterial graft 
(HR, 1.53 [95% CI, 1.08–2.91]). DES-PCI was associ-
ated with a 3.5-fold increased risk for repeat revas-
cularization over multiple arterial grafts CABG (95% 
CI, 2.60–4.75) and 2.66-fold increased risk of repeat 
revascularization over conventional CABG (95% CI, 
2.11–3.36). Habib and colleagues76 compared 2381 
patients with DES with 2289 patients with LITA and 
1525 patients with LITA-RA. Those with DES had sur-
vival similar to those with LITA (HR, 1.06). Compared 
with patients with LITA-RA, those with DES-PCI exhib-
ited worse survival at 5 (86.3% versus 95.6%) and 9 
(82.8% versus 89.8%) years (HR, 1.55; P<0.001). Re-
intervention was worse with PCI for all comparisons (P 
<0.001). Benedetto and coauthors77 compared 3787 
patients with multivessel disease treated by PCI with 
everolimus-eluting stents (696) and those with CABG 
with>1 arterial graft (3091). After a mean follow-up 
of 3.1-years, PCI with everolimus eluting stents was 
associated with a higher risk of late death (HR, 2.2 
[95% CI, 1.18–4.16]).

A recently published network meta-analysis evaluat-
ing the relative benefits of CABG using single and mul-
tiple arterial grafting and DES in multivessel coronary 
disease (53 239 patients; mean follow-up, 5.42 years) 
showed that CABG was associated with reduced 5-year 
mortality (incident rate ratio, 0.77 [95% CI, 0.66–0.90]) 
and need for repeat revascularization (incident rate ra-
tio, 0.37 [95% CI, 0.27–0.5]) compared with DES, with 
multiple arterial grafting ranking as the best treatment 
for the primary (long-term mortality) and all secondary 
(operative mortality, perioperative stroke, and follow-
up repeat revascularization) outcomes.78
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Of note, given the influence of patient and coronary 
morphology factors in driving grafting decisions in clini-
cal practice, observational studies are prone to biases 
and hidden confounders and should be regarded only 
as hypothesis generating.

Evidence From RCTs
Many trials comparing CABG with PCI used a single 
arterial graft in the surgical arm. As an example, the 
SYNTAX trial (Synergy Between Percutaneous Coronary 
Intervention With Taxus and Cardiac Surgery) used a 
second arterial graft in 35.3% of patients.79

A prematurely terminated RCT80 (BEST [Randomized 
Comparison of Coronary Artery Bypass Surgery and 
Everolimus-Eluting Stent Implantation in the Treatment 
of Patients With Multivessel Coronary Artery Disease]) 
compared everolimus-eluting stents with CABG with a 
high number of arterial grafts (mean number of arterial 
grafts per patient, 2.1±1.1). At the long-term follow-
up, the primary end point of death, myocardial infarct, 
or target vessel revascularization occurred in 15.3% 
patients with PCI and 10.6% patients with CABG (HR, 
1.47 [95% CI, 1.01–2.13]).

BARRIERS AND CHALLENGES IN THE 
DIFFUSION OF THE USE OF MULTIPLE 
OF ARTERIAL GRAFTS
The idea of using multiple arterial grafts for CABG is 
certainly not new. The first studies suggesting a possible 
clinical benefit associated with the use of arterial grafts 
date back to the 70s.81 However, the surgical commu-
nity, particularly in the United States, has been clearly 
reluctant to embrace the multiartery grafting strategy.

A recent analysis of the Society of Thoracic Sur-
geons database by Schwann and colleagues66 report-
ed that between 2004 and 2015 a second arterial 
conduit was used in 170 677 of 1 334 511 patients 
(11.4%; 97 623 RAs and 73 054 BITAs; 6.5% and 
4.9%, respectively). 

Data from a state-maintained clinical registry includ-
ing all 126 nonfederal hospitals in California showed 
that of a total of 59 432 primary, isolated, multivessel 
CABGs performed between 2006 and 2011, a second 
arterial conduit (RITA or RA) was used in 5866 cases 
(9.9%). Of note, second arterial conduit use decreased 
from 10.7% in 2006 to 9.1% in 2011 (P<0.0001).67

In a retrospective cohort analysis of 50 230 patients 
undergoing primary isolated CABG in Ontario, Canada, 
from October 2008 to March 2016, only 3044 (6.1%) 
and 8253 (16.4%) patients received 3 and 2 arterial 
grafts, respectively.60

Rates are moderately higher in Europe, where ≈20% 
to 30% of patients with CABG receive >1 arterial 
grafts,82 and in Japan (95.4% of patients with CABG 

receiving at least 1 arterial graft, and 22.7% receiving 
all arterial graft CABGs).83

The explanation for this reluctance of the surgi-
cal community to systematically use >1 arterial graft 
is probably multifactorial. In a relatively old survey of 
UK consultants, the most quoted reasons to avoid the 
use of multiple arterial grafts were the increased tech-
nical difficulty and operating time and the perceived 
increased risk of postoperative complications.84 A less 
common reason was the lack of solid evidence of ben-
efit for the patients.

After >15 years, the reasons highlighted in the UK 
survey are probably still valid. The adoption of multi-
ple arterial grafts adds some time to the procedure, is 
usually not taught during training, requires a learning 
curve, and if inappropriately applied, may potentially 
increase the risk of complications.

Surgeons seem to focus mainly on early qual-
ity metrics and on the avoidance of complications, 
and this is probably even more evident in the United 
States as a result of the increased employment of 
physicians by hospitals and the policy of many pay-
ers not to reimburse for postoperative events such as 
sternal wound problems that may be related to the 
use of arterial grafts.

As discussed, the lack of solid evidence of the clinical 
superiority of multiple arterial grafting is probably still 
an important barrier to their widespread adoption.

CONCLUSIONS
Observational and randomized evidence suggests that 
arterial grafts (particularly the RA) have better patency 
rate than SVGs at long-term follow-up. Arterial grafts 
may also potentially exert a protective effect on the na-
tive coronary circulation. Whether increased patency 
rates and potential reduction in the progression of na-
tive coronary atherosclerosis translate into clinical ben-
efits in the majority of patients submitted to CABG re-
mains to be proven.

Although evidence from large observational stud-
ies suggests better survival for patients receiving mul-
tiple arterial grafts, these results must be interpreted 
in the context of potential allocation bias and hidden 
confounders. A pooled analysis of 6 RCTs found bet-
ter 5-year cardiac event–free survival for patients who 
received an RA compared with an SVG as the second 
CABG conduit.

On the other hand, the largest RCT comparing the 
use of single and multiple arterial grafts showed no sur-
vival and event-free survival benefit for BITA grafting in 
an intention-to-treat analysis but was confounded by 
the fact that 40% of patients actually received a dif-
ferent treatment from that initially proposed. In the as-
treated analysis of those who actually received multiple 
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arterial grafts, there was a survival benefit in the mul-
tiple arterial graft group.

The ROMA trial (Randomized Comparison of the 
Clinical Outcome of Single Versus Multiple Arterial 
Grafts), designed to compare the use of single and 
multiple arterial grafts with a sample size 1.5 times 
larger than ART, started in January 2018 and is cur-
rently enrolling patients. Primary results will likely be 
available in 2025.

For the moment and on the basis of the current evi-
dence, arterial grafts, in particular the RA, should be 
used to supplement the LITA in patients with reason-
able life expectancy as long as the operating surgeon 
has adequate experience and no significant operative 
risk is added. Operator and center experience and indi-
vidualization of the type of arterial graft used are key to 
achieving this goal.
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