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Approximately 95% of patients of any age undergoing contemporary, coronary bypass surgery will receive at least

1 saphenous vein graft (SVG). It is recognized that SVG will develop progressive and accelerated atherosclerosis, resulting

in a stenosis, and in occlusion that occurs in 50% by 10 years postoperatively. For arterial conduits, there is little evidence

of progressive failure as for SVG. Could avoidance of SVG (total arterial revascularization [TAR]) lead to a different late

(>5 year) survival? A literature review of 23 studies (N ¼ 100,314 matched patients) at a mean 8.8 years postoperative

found reduced all-cause mortality for TAR (HR: 0.77; 95% CI: 0.71-0.84; P < 0.001). An expanded analysis with a new

unpublished data set (N ¼ 63,288 matched patients) was combined with the literature review (N ¼ 127,565). It found

reduced all-cause mortality for TAR (HR: 0.78; 95% CI: 0.72-0.85; P < 0.001). Additional Bayesian analysis found a very

high probability of a TAR-associated reduction all-cause mortality. (J Am Coll Cardiol 2022;80:1833–1843) Crown
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HIGHLIGHTS

� Saphenous vein graft is the only conduit
known to progressively fail.

� Avoidance of saphenous vein grafts may
reduce late conduit failure.

� Survival is affected by conduit failure.

� Avoidance of saphenous vein grafts may
improve survival.

ABBR EV I A T I ON S

AND ACRONYMS

CABG = coronary artery bypass

graft

IMA = internal mammary artery

graft

MAG = multiple arterial

grafting

RA = radial artery

RCT = randomized controlled

trial

SVG = saphenous vein graft

TAR = total arterial

revascularization
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A patient referred today for coronary
artery bypass grafting (CABG),
almost without regard for age, sex,

comorbidities, prospects for long-term sur-
vival, or geographical locality, would receive
1 or more arterial grafts and 1 or more saphe-
nous vein grafts (SVG).1-3

There are 2 schools of thought governing
this strategy: the conventional view is that if
arteries are considered better than SVG, then
more than 1 arterial conduit may lead to in-
cremental benefit, and there is evidence to
support this view.4-10 The alternative and
bespoke viewpoint is that SVG is considered
to be the conduit that is known to progressively
fail.11,12 Therefore, it is the vein, rather than the ar-
tery, that may be more influential to the long-term
fate of CABG by the mechanism of graft failure lead-
ing to ischemic sequelae; and there is a logical basis to
this view. To date, there have been no large, pro-
spective, randomized controlled trials (RCTs) for the
use of total arterial revascularization (TAR) vs non-
TAR.

The complicating factor in the consideration of
multiple arterial grafting (MAG) relates to this group
also receiving supplementary SVG. Specifically, in
most series, use of SVG is present in the majority of
MAG patients and nearly 100% in the single arterial
grafting comparison arm, and this represents a con-
founding variable of considerable importance. For
example, in the ART (Arterial Revascularisation
Trial),13 patients were randomized to single or double
internal mammary artery grafts (IMA). The con-
founding variable was that SVG was used in both
arms. Additionally, the radial artery (RA) was
analyzed as for SVG (the trial considered only IMA for
group allocation and not arterial conduits in general).
We now know RA has better late patency than for
SVG.9 Thus, ART has been hailed by many as evidence
of lack of late outcome benefit for 2 IMA over 1 IMA
and has been subject to some criticism due to a high
cross-over between groups. However, when the most
important confounder, SVG, was separately consid-
ered in a post hoc analysis where SVG was excluded
from 1 comparison arm, the finding was of improved
survival for TAR (P ¼ 0.03).14

In order to address these issues, we combined a
meta-analysis of the existing literature with a new
unpublished multicenter international collaborative
registry analysis. We aimed to evaluate the long-term
survival benefits of TAR over the use of SVG and test
the hypothesis that TAR has better long-term survival
than non-TAR.
METHODS

ANALYSIS STRATEGY AND ENDPOINT. This paper
includes 3 analyses using conventional meta-analysis
methods with: 1) a systematic literature review; 2) a
new unpublished multicenter collaboration of sepa-
rately analyzed registries; and 3) a combined analysis
of both data sets for the single consideration of late
all-cause mortality for the use or avoidance of SVG in
primary, isolated CABG. Additionally, a Bayesian
calculation was performed for these 3 analyses
(Central Illustration).

Two comparison groups were considered, based on
use of SVG, in adult, primary, isolated CABG
comprising at least 2 grafts according to:

1. No SVG used—TAR; and
2. Use of at least 1 SVG—non-TAR.

The endpoint was all-cause mortality at the longest
available follow-up.

Full details of all methods can be found in the
Supplemental Appendix.

LITERATURE REVIEW. This review was approved by
the local institutional human ethics committee and
PROSPERO registration (Long-Term Survival of Total
Arterial Revascularisation in Coronary Bypass Pa-
tients: A Systematic Review and Meta-Analysis on
Randomised Controlled Trials and Propensity-Score
Studies; CRD42021273333). The study was conducted
following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)15 and
Cochrane Collaboration guidelines.16 The review
checklist is reported in Supplemental Table 1. An
Ovid-based literature search was performed through
MEDLINE, Embase, and Cochrane Central Register of
Controlled Trials from the dates of database inception
to May 21, 2021.

EXPANDED ANALYSIS: NEW META-ANALYSIS OF

UNPUBLISHED MULTICENTER REGISTRY DATA. A
retrospective cohort registry study was established
across multiple international jurisdictions according
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CENTRAL ILLUSTRATION Survival Advantage for Total Arterial Revascularization in Coronary Artery
Bypass Grafting

0 5 10 15

33,552 21,323 9,558 3,080
33,552

TAR
No. at risk

Non-TAR

TAR

Non-TAR

Log-rank
P < 0.001

18,504 6,026 946

Postoperative Duration (yrs)

Literature Review
23 Papers

(n = 100,314)

Combined analysis
Without Duplicates

(n = 127,565)

Expanded Registry Data
6 Registries
(n = 63,288)

Survival of Propensity-Matched Patients Undergoing
Total Arterial Revascularization (TAR) vs Non-TAR

Su
rv

iv
al

0.00

0.25

0.50

0.75

1.00

Literature Review Improved SurvivalHR (95% CI)

Random-effect TAR0.77 (0.71-0.84)
Bayesian-model TAR0.77 (0.70-0.84)

Expanded Registry

Random-effect TAR0.83 (0.74-0.92)
Bayesian-model TAR0.82 (0.66-0.96)

Combined Analysis

Random-effect TAR0.78 (0.72-0.85)
Bayesian-model TAR0.79 (0.71-0.87)

TAR Non-TAR

Royse A, et al. J Am Coll Cardiol. 2022;80(19):1833–1843.

From a combination of literature and expanded current international registry data, in matched patients, survival for those exclusively receiving arterial coronary grafts

(TAR) was greater than those that received supplementary saphenous vein grafts (non-TAR).
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to an affiliated consortium of researchers. Each site
was requested to analyze their individual data sets
according to prespecified requirements, namely
appropriate propensity matching of TAR and non-
TAR patients within their jurisdiction (Supplemental
Table 8). Each jurisdictional database was distinct
and may have led to differences in coding, but for
simple categorization of graft selection, it was
considered that minimal bias was present. Overall
distribution of preoperative variables was similar
between groups (Supplemental Table 9). The fre-
quency of TAR varied widely with each jurisdiction
(Supplemental Table 8), and the distribution of dou-
ble or triple vessel revascularization varied
(Supplemental Table 10), which may have contributed
to patient selection bias.

COMBINED LITERATURE REVIEW AND MULTICENTER

COLLABORATION ANALYSES. Four published se-
ries4,17-19 included in the literature review were
excluded from the combined analysis if any data from
these publications did, or could have, formed some of
the data analyzed in the previously unpublished
multicenter study. The impact of excluding each
analysis on the overall literature review effect size
was analyzed (Supplemental Figures 3 and 4).

STATISTICAL METHODS. Continuous variables are
reported as mean � SD or median (IQR) as appro-
priate. Categorical variables are reported as number
(percentage). All adjusted or estimated HRs were
pooled with random-effects and fixed-effect models
using generic inverse variance weighting. Full details
can be found in the Supplemental Appendix.

LITERATURE REVIEW. Baseline characteristics were
pooled with random-effects meta-analysis of pro-
portions or means. Where required, medians and IQR
were converted to mean � SD.20 HRs and 95% CIs
were extracted from individual studies where avail-
able. Leave-one-out analyses and Baujat plots were
used to identify studies with disproportional
impacts on overall heterogeneity (Supplemental

https://doi.org/10.1016/j.jacc.2022.08.795
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FIGURE 1 Literature Review Meta-Analysis
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Data from individual publications were included if they compared total arterial revascularization (TAR) or any use of saphenous vein (non-TAR). Data were pooled using

a meta-analysis methodology. A HR <1 indicates a survival benefit. This data set was larger than any previously reported, with 100,314 propensity score–matched or

propensity score–adjusted patients. Most studies found a HR favoring TAR, with 11 reporting a statistically significant benefit for TAR. Meta-analysis found a significant

survival advantage for TAR by both random effects and fixed effect models.
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Figures 3 and 4). Publication bias was assessed visu-
ally with funnel plots21 and quantitated with Egger’s
tests22 (Supplemental Figures 5 and 6).
Expanded analys i s . Propensity score matching was
applied by each jurisdiction to reduce the effect of
confounding by indication and produce comparable
cohort baselines for comparison. Details of analyses
for each site are listed in the Supplemental Appendix.
Post-matching diagnostics were assessed with stan-
dardized mean differences. The overall HRs and
standard errors were provided to the central analysis
team, whereby they were pooled with results from
the literature review to produce a combined treat-
ment effect estimate.

BAYESIAN ANALYSIS. We also conducted a
Bayesian23-25 normal-normal hierarchal model meta-
analysis to further explore the robustness of the
results, as well as to calculate the probability of
treatment effect lying on a particular range of values,
such as HR <1.00. Results are presented using the
median m and credible intervals. The bayesmeta
software package, version 2.7, was used for this
analysis (R Foundation for Statistical Computing). All
analyses were performed using R, version 4.0.5
(R Foundation for Statistical Computing).

RESULTS

LITERATURE REVIEW. After removing duplicates and
merging search results, 1,478 records were identified
(Supplemental Figure 1, Figure 1, Table 1). From ab-
stracts and titles, 201 articles were selected to un-
dergo full-text assessment. Three RCTs26-28 with TAR
were identified, but 2 trials27,28 investigated different
clinical endpoints, and the remaining trial26 did not
report adequate survival statistics for HR extraction,
and all were excluded. Authors for the RCTs

https://doi.org/10.1016/j.jacc.2022.08.795
https://doi.org/10.1016/j.jacc.2022.08.795
https://doi.org/10.1016/j.jacc.2022.08.795
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TABLE 1 Literature Review: Details of Studies Included in the Meta-Analysis

First Author Institution Country

Patients

Study Period
Adjustment
Methodology

Follow-Up, ya

Source of HRTAR Non-TAR TAR Non-TAR

Royse et al4 Multicenter Australia 14,355 14,355 2001-2013 PS-matching 9.5 � 4.2 From study

Janiec et al30 Multicenter Sweden 1,344 37,063 2001-2015 Multivariable Cox
regression

10.3 � 4.1 9.4 � 4.2 From study

Rocha et al17 Multicenter Canada 2,132 2,132 2008-2017 PS-matching 4.6 From study

Taggart et al14 Multicenter United Kingdom 843 1,084 2004-2007 PS-matching 5.2 From study

Raja et al45 Multicenter United Kingdom 580 806 1998-2008 PS-adjustment 4.9 � 2.0 5.1 � 2.0 From study

Glineur et al19 Multicenter Belgium 771 436 2000-2010 PS-matching 7.8 From study

Grau et al18 The Valley Heart and
Vascular Institute

United States 928 928 1994-2010 PS-matching 9.0 � 5.0 From study

Medalion et al43 Tel Aviv Medical Center Israel 1,045 582 1996-2008 PS-adjustment 8.2 � 4.5 From study

Locker et al31 Mayo Clinic United States 270 7,281 1993-2009 Multivariable Cox
regression

7.6 � 4.6 From study

Navia et al29 Institute Cardiovascular of
Buenos Aires

Argentina 2,098 388 1996-2014 Multivariable Cox
regression

5.5b From study

Legare et al42 Queen Elizabeth II Health
Sciences Center

Canada 1,019 3,677 1995-2003 PS-adjustment 4.8 � 2.0 6.1 � 3.0 From study

Nishida et al44 The Heart Institute of Japan Japan 532 627 1985-1999 PS-stratification 7.8 10.3 From study

Suzuki et al46 Shiga Medical University
Hospital

Japan 520 260 2002-2013 PS-matching 4.6 � 3.9 From KM

Di Bacco et al34 University of Brescia and
Spedali Civili Hospital

Italy 359 359 2005-2015 PS-matching 8.8 � 2.3c From study

Jegaden et al39 Mediclinic Middle East
Abu Dhabi

United Arab
Emirates

320 320 1989-2014 PS-matching 13.6 � 7.2 From study

Jeong et al40 Samsung Medical Centre South Korea 292 292 2001-2010 PS-matching 4.4b From KM

Dimitrova et al35 Beth Israel Medical Center United States 283 283 1995-2010 PS-matching 13 � 0.3 From study

Garatti et al37 IRCCS Istituto Policlinico
San Donato

Italy 209 243 1994-1996 PS-matching 13.8 � 3.6 From KM

Formica et al36 San Gerado Hospital Italy 190 190 1999-2017 PS-matching 9.3 � 5.5 From study

Bisleri et al32 University of Brescia and
Spedali Civili Hospital

Italy 151 151 1999-2004 PS-matching 9.3b From KM

Kunihara et al41 The Cardiovascular Institute
Tokyo

Japan 104 104 1995-2001 PS-matching 11.2 � 4.4 From study

Hwang et al38 Seoul National University
Hospital

South Korea 103 103 2006-2008 PS-matching 10.3 � 0.6c From KM

Chung et al33 Asan Medical Center South Korea 101 101 2003-2005 PS-matching 6.1 � 0.9 From study

aValues are n or mean � SD unless otherwise indicated. bMedian. cMeans and SD were estimated from median, ranges, or IQR using algorithms described in the Methods section.

KM ¼ Kaplan-Meier survival curve; PS ¼ propensity score; TAR ¼ total arterial revascularization.
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were contacted, but unsuccessfully. Consequently,
23 eligible studies4,14,17-19,29-46 were deemed suitable
for quantitative analysis, all retrospective in design,
with a total of 100,314 matched or adjusted patients
included (TAR n ¼ 28,549; non-TAR n ¼ 71,765). Five
studies did not report HRs, requiring Kaplan-Meier
digitization and recalculation to derive
these figures.32,37,38,40,46

Deta i l s of s tud ies . The study characteristics are
listed in Table 1 and Supplemental Tables 1 to 5.
This review included 2 large national registries from
Sweden with 38,407 patients30 (37.9%) and Australia
with 28,710 patients4 (28.4%). Four studies 14,17,19,45

were regional databases, whereas the remaining
were single institutional series. The weighted mean
follow-up duration was 8.8 years (95% CI: 7.1-10.4
years). There were relatively similar characteristics
between both cohorts (Supplemental Table 5). The
overall mean age for individual reports was 63.6
years for TAR and 64.3 years for non-TAR. The
prevalence of diabetes mellitus was 30.5% in the
TAR cohort and 30.0% in the non-TAR cohort. The
study grafting details were insufficiently precise to
allow for the accurate calculation of the number of
arterial grafts in the non-TAR arm. Detailed baseline
demographics and perioperative profiles of patients
are included in Supplemental Tables 3 to 5.

Surv iva l . The use of TAR was associated with a sig-
nificant relative reduction in all-cause mortality
compared with non-TAR with the random-effect
model (HR: 0.77; 95% CI: 0.71-0.84; P < 0.001)
(Figure 1). There was evidence of low-to-moderate
heterogeneity (I2 ¼ 45%). Reconstructed individual
patient data confirmed survival benefit for TAR

https://doi.org/10.1016/j.jacc.2022.08.795
https://doi.org/10.1016/j.jacc.2022.08.795
https://doi.org/10.1016/j.jacc.2022.08.795


FIGURE 2 Expanded Multicenter Collaboration Meta-Analysis
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Data from individual international registries, previously unpublished, were separately analyzed and pooled using a meta-analysis methodology. A cohort of 63,288

propensity score–matched patients allocated to total arterial revascularization (TAR) or non-TAR were compared for late all-cause mortality at 7.1 years (95% CI:

5.9-8.3 years). A HR <1 indicates a survival benefit. All but 1 study found a survival benefit favoring TAR. Meta-analysis found a significant survival advantage for TAR by

both random effects and fixed effect models.

TABLE 2 Baseline Ch

Multicenter Data Sets

Number of grafts

Age, y

% male

% smoking history

% hypertension

% dyslipidemia

% diabetes

% peripheral vascular d

% previous myocardial

% COPD

Values are median (IQR). O
characteristics using invers
was without 5 studies4,17-1

COPD ¼ chronic obstruc
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patients (log-rank P < 0.001) (Supplemental Figure 2).
Prespecified meta-regression tests did not associate
the use of on/off pump or the presence of multivessel
disease on influencing heterogeneity. Leave-one-out
analysis did not identify significant study outliers
(Supplemental Figures 3 and 4).

Qual i tat ive ana lys i s and publ i cat ion b ias . The
signaling domains showed no critical risk of bias.
Only 5 studies14,18,29,30,41 were categorized as a
serious risk of bias, mainly due to improper control
of preinterventional covariates (Supplemental
Figure 5). The endpoint was classified as high-
quality evidence by the GRADE guideline
(Supplemental Table 5). Visual inspection of the
aracteristics for the Combined Literature Review and Expanded

TAR Non-TAR Studies/Registriesa

3.2 (3.0-3.4) 3.2 (3.0-3.4) 15

63.9 (62.1,65.7) 64.2 (62.3-66.0) 18

70.8 (52.2-84.3) 73.9 (56.6-86.1) 18

47.2 (36.0-58.8) 47.2 (36.3-58.3) 12

71.3 (63.1-78.3) 70.2 (62.8-76.7) 17

61.9 (50.7-72.0) 61.6 (49.8-72.1) 15

37.8 (24.3-53.6) 37.9 (25.0-52.8) 18

isease 10.6 (7.8-14.1) 11.5 (8.6-15.2) 14

infarct 27.1 (17.6-39.4) 26.8 (16.8-40.0) 12

9.0 (5.8-13.7) 8.8 (5.8-13.0) 13

nly propensity score–matched patients were included in this meta-analysis of baseline
e variance weighted algorithm. The literature review used in the combined analysis
9 that were or could have been duplicated in the expanded multicenter data set.

tive pulmonary disease; other abbreviations as in Table 1.
funnel plot did not identify asymmetry
(Supplemental Figure 6), which suggests an absence
of publication bias, and was confirmed by Egger’s
test for asymmetry (P ¼ 0.178).
EXPANDED MULTICENTER ANALYSIS. Participants. From
1994 to 2019, a total of 225,099 unmatched patients
were identified before matching (Supplemental
Tables 6 to 8). Total arterial revascularization varied
across sites from 2.4% to 75.1%. In the largest data set
(Australia), the TAR rate was 30.5%. Aggregated de-
mographic characteristics are listed in Supplemental
Table 9. Only matched patient analyses are pre-
sented. with a total of 63,288 patients with a
weighted mean duration postoperatively of 7.1 years
(95% CI: 5.9-8.3 years) in matched cohorts (Figure 2).
Most patients received triple coronary territory
revascularization (Supplemental Table 10). Results
for each individual jurisdiction are included in the
Supplemental Appendix. For the largest data set in
Australia, MAG was used in 23.7% in the matched
non-TAR (Supplemental Table 11). Surgical emergent/
salvage cases represented a small proportion in
California (1.8%) (Supplemental Table 16) and 2.8% in
Australia (Supplemental Table 13).
Surv iva l . Individual results from all jurisdictions
favored TAR, though the California and Belgium data
sets did not reach statistical significance (Figure 2).
The meta-analysis identified a significant decrease in
mortality favoring TAR with a HR: 0.83 (95% CI: 0.74-
0.92; P < 0.001). The heterogeneity was low to mod-
erate (I2 ¼ 33%). Additional sensitivity tests were
conducted, which were consistent with the primary
analysis (Supplemental Appendix).
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FIGURE 3 Combined Literature Review and Expanded Multicenter Collaborative Data Set Meta-Analysis
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Data from individual publications or registries were pooled using a meta-analysis methodology. Four studies4,17-19 from the literature review section were removed

because they did, or potentially did, include duplicate patients from the expanded multicenter collaborative data set. A combined cohort of 127,565 propensity

score–matched or propensity score–adjusted patients allocated to total arterial revascularization or non-total arterial revascularization were compared for late all-cause

mortality at 8.3 years (95% CI: 6.2-10.4 years). A HR <1 indicates a survival benefit. Almost all studies found a survival benefit favoring total arterial revascularization.

Meta-analysis for the combined cohort found a significant survival advantage for total arterial revascularization by both random-effects and fixed-effect models.
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COMBINED LITERATURE REVIEW AND EXPANDED

ANALYSIS. The matched results from the expanded
data set were combined with studies from the litera-
ture review, discarding 4 previously published
studies that may have overlapped with the expanded
data set (Table 2). The weighted mean duration
postoperatively was 8.3 years (95% CI: 6.2-10.4
years). From a total of 127,565 patients, survival was
found to significantly favor TAR with HR: 0.78
(95% CI: 0.72-0.85; P ¼ 0.010; I2 ¼ 54%) (Figure 3).

BAYESIAN ANALYSIS. An additional analysis using
Bayesian statistical methodology was performed
for all 3 considerations, and the findings were
consistent with the traditional meta-analysis meth-
odology (Table 3, Supplemental Tables 22 and 23,
Figure 4). For the combined analysis, the Bayesian
analysis may be expressed alternatively, where
there was a >99.9% posterior probability that the
treatment effect from total arterial revascularization
produced a HR <1.00, and a 99.8% probability that
HR was <0.90 (Table 4). The posterior median HR
ranged from 0.79 to 0.80 (95% credible interval
ranges: 0.71 to 0.87), depending on the prior
selection.

https://doi.org/10.1016/j.jacc.2022.08.795


TABLE 3 Comparison Between Random Effects Meta-Analysis and

Bayesian Methodology

HR (95% CI) I2, % P Value

Literature review

Random-effects model 0.77 (0.71-0.84) 45 <0.001

Low-moderate risk of bias studies only 0.81 (0.77-0.85) 5 <0.001

Propensity score–matching studies only 0.76 (0.70-0.83) 19 <0.001

Bayesian modela 0.77 (0.70-0.84) NA NA

Multicenter collaboration

Random-effects model 0.83 (0.74-0.92) 33 <0.001

Bayesian modela 0.82 (0.66-0.96) NA NA

Combined analysis

Random-effects model 0.78 (0.72-0.85) 54 0.010

Bayesian modelb 0.79 (0.71-0.87) NA NA

aBayesian normal-normal hierarchal model, with noninformative priors for m and s2. Additional model results with
differing priors are available in the Supplemental Appendix section 4. bBayesian normal-normal hierarchal model,
with log(m) ¼ �0.264, SD ¼ 0.060 as per Bayesian meta-analysis of the literature review, with the
multi-institutional collaboration serving as the likelihood function.

NA ¼ not applicable to the Bayesian model.
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DISCUSSION

KEY FINDINGS. The key result was that complete
avoidance of SVG grafts in CABG, TAR, was associated
with significantly decreased long-term mortality
compared with the use of SVG (non-TAR) in pop-
ulations that have undergone propensity score
matching or Cox regression adjustments. Survival
curve separation occurred early and continued to
widen over time. Further, the application of an
alternative Bayesian methodology, found very similar
FIGURE 4 Bayesian Analysis: Posterior Mean Weights (Overall Mea

18.
7.6

5.8
5.2

3.1
2.7

Australia
Expanded Analysis

Literature Review

Ontario
California

Leipzig
Belgium

New Jersey

0 10 20

The weighted contributions to the posterior treatment effect estimate,

random-effects Bayesian meta-analysis. The final treatment effect can b

The existing literature is most prominent in this analysis.
effect sizes to the conventional approach, suggesting
that the analyses are robust. The Bayesian approach
predicted with a very high degree of probability that
the use of TAR is associated with improved survival
even to an effect size of HR of <0.90.

SIZE OF ANALYSIS. The combined data set included
127,565 matched patients, which is more than 5-fold
larger than a previous report.47 This data set
comprised studies from the isolated literature review
that had analyzed 100,314 patients but was reduced
by exclusion of 4 studies, resulting in 62,427 patients,
then expanded by a further 63,288 matched patients
from the multicenter registry data.

CONSISTENCY BETWEEN ANALYSES. The HR for
mortality for the combined analysis was 0.78, similar
to the literature review (0.77) and the expanded
multicenter analysis (0.83). Various sensitivity ana-
lyses in both cohorts yielded results consistent with
the primary analysis. Within the expanded multi-
center analysis, despite a wide variation in the rate of
TAR between registries, the effect size of the survival
benefit for TAR was surprisingly similar. This
strengthens rather than weakens the argument that
the late mortality can be explained by the well-
documented late failure of SVG leading to mortality.

The Bayesian approach is relatively novel in the
field of coronary surgery and expresses findings
differently. This approach avoids arbitrary classifica-
tions of significance or nonsignificance and presents a
measure of certainty (probability) to effect sizes
n Estimate)

7

56.8

Weight (%)
30 40 50 60

with the literature review serving as the primary information in the

e considered as a weighted average of all the displayed estimates.
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TABLE 4 Bayesian Analysis of Combined Matched Data Set (n ¼ 127,565)

Prior Belief for s2
Posterior Median HR

(95% Credible Interval)

Posterior Probability for True HR, %

HR <1.00 HR <0.90 HR <0.80

Uniform 0.789 (0.714-0.869) 100 99.8 60.6

Half-normal 0.790 (0.715-0.870) 100 99.8 60.0

Tibshirani58 0.795 (0.720-0.873) 100 99.8 54.7

The combined data set includes the literature review without 4 papers4,17-19 that were or could have been
duplicated in the expanded multicenter data set. The interpretation of these data is that there is close to certainty
that total arterial revascularization (TAR) is responsible for the observed improved survival, that there is a 99.8%
probability that TAR is responsible for a moderate survival effect size (HR <0.90), and a 55% to 61% probability
that TAR is responsible for a relatively large survival effect size (HR <0.80).
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contained in the 95% credible interval. The Bayesian
approach allows the preselection of where the treat-
ment effect is believed to be centered (eg, that
HR ¼ 1.00), and the certainty in this belief (a certain
belief has a narrower variance surrounding this
treatment effect). A Bayesian meta-analysis allows us
to directly incorporate prior understandings from the
literature into the pooled data and quantify the effect
that different prior beliefs have on the understanding
of the evidence. The resultant “posterior probability”
of the calculated treatment effect is considered more
scientifically useful than dichotomizing a P value.24

The observed survival benefit in favor of TAR,
expressed as a probability, showed a >99.9% proba-
bility that the true HR is <1.00 and a 99.8% proba-
bility that the true HR is <0.90.

RELEVANCE. This analysis has relevance for most
adult cardiac surgeons, and many cardiologists,
because CABG still comprises a substantial
component of surgical practice, and use of SVG re-
mains routine.

BASIS FOR APPROACH. SVG is well known to
develop atherosclerosis over time, and failure of the
conduit is common in the late period.12,48 Although a
“no-touch” harvest technique for SVG has been
advocated following a small series49 and a larger
series,50 a recent large propensity score–matched
analysis found no difference in survival.51 The
ischemic consequences of graft failure would logi-
cally lead to a recurrence of symptoms, heart failure,
or death.11,52 Therefore, it would be expected that
reliance on SVG could lead to higher mortality rates
due to graft failure over time. Conversely, the inter-
nal mammary artery is known to be resistant to pro-
gressive atherosclerosis and failure,53,54 and there is
some evidence that this may be true for other arterial
conduits.5,8,9,55 Therefore, it may be logical to
consider SVG as a more important predictor of long-
term outcome than the increased use of arterial con-
duits as it represents the most likely conduit to fail.

SELECTION BIAS. A retrospective analysis cannot
control for all confounding variables irrespective of
the quality of statistical matching methods. Although
the rate of TAR varied considerably, the HR remained
surprisingly similar in most series. Yet selection bias
must occur, and not all variables can be controlled for
or even adequately measured such as surgeon
competence, surgeon skill, acuity of surgical inter-
vention, and many more. Reversion to “familiar
techniques” under emergency circumstances is also
common and can vary—many surgeons may be more
comfortable harvesting SVG in preference, whereas
some are more comfortable harvesting the RA in
preference. Emergency surgery scenarios, however,
represent a small proportion of the total sample size
(1.8%-2.8%).

IMPLICATIONS OF STUDY FINDINGS. A nonrandomized
study is hypothesis generating and suggests that a
RCT comparing TAR with CABG inclusive of 1 or more
SVG is justified. These data support a logical basis for
the argument that the elimination of a conduit known
to fail over time should lead to reduced adverse
outcomes associated with that failure,
including death.

Despite perceived increased technical difficulty,
danger, time, or lack of evidence of benefit for TAR, it
can be achieved in a variety of ways, including
bilateral RA from the aorta in combination with the
left internal mammary artery and with the use of
sequential grafting techniques; use of a composite
grafting strategy with either right internal mammary
artery or RA as the second conduit5,19,55,56 or even use
of just 2 RA alone including the use of a composite
graft.57 Importantly, most strategies can be achieved
with minimal alteration to conventional conduit
harvesting and grafting techniques.

STUDY STRENGTHS AND LIMITATIONS. This study is
5-fold larger than any previous report, and the
extensive matching of patients should provide some
confidence in the overall trend of the effect. The
findings of the new original analysis are consistent
across jurisdictions with little heterogeneity. Com-
parisons are adjusted by robust propensity scores and
the primary outcome is robust and patient-centered.
The addition of a secondary Bayesian alternative
statistical approach had findings consistent with the
meta-analysis and is reassuring.

A retrospective cohort study cannot account for all
patient allocation and treatment variables despite
propensity score matching and cannot account for
variables such as technical competence of the sur-
geon. The proportion of patients receiving TAR varied
with each jurisdiction, with some infrequently per-
forming TAR, which may introduce bias. The use of
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all-cause mortality is a robust patient-centered
endpoint variable. Still, it may be less robust when
collected during researcher follow-up than by inde-
pendent national or state-based death index linkage.
Further, an assumption when using all-cause mor-
tality is that the noncardiac causes of death and the
cardiac causes of death unrelated to coronary graft
failure will be evenly distributed between the 2 arms.
This cannot be proven without an RCT; however, the
large size of this observational data set may reduce
such bias.

CONCLUSIONS

Meta-analytical assessment, matched cohort assess-
ment, and Bayesian analysis of large data sets are
concordant in showing a long-term survival benefit
from TAR vs non-TAR CABG. Given the continuing
dominance of non-TAR worldwide, these findings
providing the epidemiological justification for a
pivotal randomized controlled trial comparing these 2
approaches to CABG.
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