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Objectives: This meta-analysis compares total arterial revascularization (TAR) versus conventional coronary ar-
tery bypass and additionally to two arterial grafts.
Methods:We searched MEDLINE and EMBASE Databases from 1996-to-2016 for studies comparing TAR versus
non-TAR for multi-vessel surgical revascularization. Data were extracted by 2 independent investigators. Meta-
analysis used random effects, which incorporates heterogeneity.
Results: There were 4 smaller shorter follow-up randomized controlled trials (RCTs), plus 15 matched/adjusted
and 6 unmatched/unadjusted larger longer follow-up observational studies that met inclusion criteria (N =
130.305 patients;mean follow-up range: 1–15 years). Therewere no differences in perioperative stroke,myocar-
dial infarction or mortality. However, TAR was associated with lower long term all-cause mortality in observa-
tional studies matched/adjusted for confounders (incident rate ratio 0.85, 95% CI: 0.81–0.89, p b 0.0001; I2 =
0%) and unmatched/unadjusted (incident rate ratio 0.67, 95% CI: 0.59–0.76, p b 0.0001; I2 = 67%) for TAR. De-
creases in major cardiovascular outcomes and revascularization did not achieve statistical significance. There
were greater sternal complications with TAR in the matched/adjusted studies (pooled risk ratio 1.21, 95% CI:
1.03–1.42, p = 0.02; I2 = 0%). When compared to patients with two arterial grafts, TAR was still associated
with reduced long-term all-cause mortality (incident rate ratio 0.85, 95% CI: 0.73–0.99, p= 0.04) with minimal
heterogeneity (I2 = 5%).
Conclusions: Data from primarily observational studies suggest that TAR may improve long-term survival com-
pared with conventional coronary bypass by 15–20% even when compared with two arterial grafts. Prospective
randomized trials of TAR with long term follow-up are needed.

© 2017 Published by Elsevier Ireland Ltd.
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1. Introduction

Coronary artery bypass graft (CABG) is the revascularization strategy
of choice, particularly for diabetics and those with complex coronary
disease [1–3]. Maintenance of long term graft patency is critical as
graft failure begets recurrent angina, need for repeat intervention and
poor survival. Three recent meta-analyses have clearly demonstrated
an incremental benefit of bilateral ITA (BITA) over single ITA (SITA)
with regard to long term survival [4–6]. The Arterial Revascularization
Trial (ART) demonstrated no difference in survival at 5 years but the

primary 10-year primary endpoint data is pending [7]. Large random-
ized controlled trials and retrospective series have also demonstrated
that the use of the radial artery (RA) to the second best target confers
patency and outcome benefits [8,9]. On balance, there is strong support
formultiple arterial grafting but it is only utilized in approximately 9% of
surgical revascularization performed in North America [10].

On the basis of excellent graft patency and clinical outcomes with
multiple arterial grafting, the use of total arterial revascularization
(TAR) is supported by American (Class IIb) and European (Class IIa)
guidelines for young patients with reasonable life expectancy [11,12].
However, whether there is incremental improvement in outcomes for
TAR over a two-arterial revascularization approach is equivocal. This is
an important question as all-arterial grafting is more technically de-
manding, often requiring the need for complex composite and sequen-
tial grafting. It is our belief that if complete and high-quality arterial
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revascularization can be performed, then the patient should benefit
from greater long-term graft patency.

Consequently, we set out to conduct a meta-analysis to evaluate the
outcomes of TAR versus conventional coronary bypass (non-TAR) in the
current era. We further attempt to determine whether there is any in-
cremental benefit of TAR compared with revascularization with two ar-
terial grafts.

2. Methods

2.1. Data sources

We systematically searched OVID versions of MEDLINE and EMBASE
Classic (1996-to-2016 Jan 31 [performed on Feb 9, 2016]) for relevant
studies using “total (or “totally”) arterial revascularization” search
terms in duplicate (see Supplementary Fig. 1 for detailed search strate-
gy). We also searched bibliographies of included studies and personal
files.

2.2. Study selection

We included all studies comparing TAR vs non-TAR in patients un-
dergoing CABG that reported any of the pre-specified peri-operative
or long-term clinical (i.e. all-cause mortality, myocardial infarction
[MI], stroke, repeat revascularization, recurrent angina) or angiographic
outcomes (i.e. graft occlusion). For studies with multiple groups with
varying use of arterial grafts, cohorts were combined, when possible,
to compare TAR vs non-TAR. Any patient cohorts with all-vein graft
CABG were excluded from analysis. Studies were excluded if no clinical
outcomes were reported or data published only as an abstract. Citations
were screened in duplicate and full text review, also in duplicate, was
performed to determine eligibility when either screening reviewer felt
that a citation potentially met inclusion criteria. Disagreements regard-
ing inclusion were reconciled via consensus.

2.3. Data extraction and quality assessment

Two reviewers independently abstracted data including details of
the publication (i.e. trial authors, enrolment period, year of publication),
inclusion/exclusion criteria, demographics and cardiac risk factors of the
enrolled patients, description of the interventions used, and outcome
definitions and events. Risk of bias in RCTs (randomized controlled tri-
als; including blinding of participants, method of sequence generation
and allocation concealment, intention-to-treat analysis, early trial stop-
page for efficacy before planned enrollment completion, and loss to
follow-up) and cohort studies (including retrospective versus prospec-
tive data collection, concurrent versus historical controls, and compara-
ble baseline characteristics of cases and controls) were assessed with
disagreements resolved by consensus.

2.4. Data analysis

All analyses were performed using Review Manager (RevMan ver-
sion 5.2; Cochrane Collaboration, Oxford, UK) and random effects
models, which incorporate between-trial heterogeneity and give
wider and more conservative confidence intervals (CI) when heteroge-
neity is present [13]. We assessed statistical heterogeneity among trials
using I2, defined as the percentage of total variability across studies at-
tributable to heterogeneity rather than chance, and used published
guidelines for low (I2 = 25% to 49%), moderate (I2 = 50% to 74%) and
high (I2 ≥ 75%) heterogeneity [14]. For peri-operative outcome with
similar follow-up between groups, relative risks (RR) were used to
pool binary outcomes and weighted mean differences (MD) to pool
continuous data. For long-term outcomes with potentially different
follow-up between groups, we pooled incidence rate ratios on the loga-
rithmic scale using the generic inverse variance method. When hazard

ratios (assumed to be equivalent to incidence rate ratios) were not pro-
vided, incidence rate ratios (IRRs) for each study were calculated in one
of two ways: 1) using Kaplan-Meier survival curve estimates for each
group, and the log-rank survival curve p-value to estimate the standard
error of the logarithm-transformed incidence rate ratio, or 2) using ab-
solute events divided by patient-years of follow-upwhen group specific
mean follow-up durations were provided. Individual trial and pooled
summary results are reported with 95% CIs.

Study results were sub-grouped by study type: RCT vs propensity-
scorematched or risk-adjusted observational data vs unmatched/unad-
justed observational data. Observational studies that reported both
matched or risk-adjusted, and unmatched/unadjusted data were in-
cluded separately for subgroup comparisons. For one study that report-
ed only adjusted odds ratios for 30-day mortality [15], we estimated
proportions that gave near identical RR and 95% CI. Excluding this
study did not significantly change any of the pooled results.

3. Results

3.1. Characteristics and quality of included studies

The initial search strategy yielded 631 citations from MEDLINE and
EMBASE, of which 49 were retrieved for full text review. Four unique
RCTs, 15matched observational studies and 6 unmatched observational
studies that met criteria were included (N = 130.305 patients; mean
follow-up range: 1–15 years; Supplementary Table 1A). For one RCT
[15], interim results based on their similarity appeared to have been
published in two other publications [16,17], which were excluded. In
addition, it was unclear whether this RCT [15] which enrolled patients
N70 years old had partial overall with another RCT by the same research
group with similar inclusion and exclusion criteria except that it en-
rolled patients ≥50 years old [18]. Author contact was unsuccessful.
We retained both RCTs in the primary analysis. Sensitivity analysis by
excluding the results of either study did not significantly change any
of the pooled results. All RCTs were single center with up to 1-year
follow-up. Outcome assessors were unblinded in all RCTs. Other quality
measures were only reported in two of the four included RCTs but were
high with adequate allocation concealment, intention-to-treat analysis,
and minimal loss to follow-up.

We also identified 21 observational studies described in Supplemen-
tary Table 1B. For studies reporting on groups with varying use of mul-
tiple arterial grafts, we selectively compared only TAR vs non-TAR. In
Medalion et al. [19] cohorts BITA and LITA + RA (TAR) were compared
to cohort SITA + SVG (saphenous vein graft; non-TAR); in Korompai
et al. [20] “all arterial” was compared to “2 or more arterial
grafts + SV” and “SITA + SVG”; in Nasso et al. [21] Group C (total arte-
rial) was compared to Groups A+ B (one and twomammary grafts, re-
spectively, plus SVG's); in Mohammadi et al. [22] BITA/RA was
compared to BITA/SVG; in Attaran et al. [23] “total arterial” was com-
pared to “LITA + SV” and the “total SV” cohort was excluded entirely;
in Baskett et al. [24] “All Arterial” was compared to
“A1V + A2V + A3V”. All observational studies were retrospective and
all but 5were single center. All studies compared to concurrent controls
though inmost the proportion of TAR increased over time. In all studies
choice of surgical procedurewas at the surgeon's discretion and TAR pa-
tients were typically younger with fewer comorbidities though inmany
of the studies TAR patients had higher rates of previously failed PCI. In
some studies, some differences remained even after matching or risk
adjustment.

Supplementary Table 2 provides demographic information for the 4
RCTs [15,18,25,26], 15matched [20–24,27–37] and 6 unmatched obser-
vational studies [19,38–42]. Two studies focused specifically on dia-
betics [29,34], four on elderly patients [16,17,19,31] and one on
patients with ventricular dysfunction [23]. Themean age for all patients
in all trials was 62.4± 0.6 years. Enrolled individuals were 19.6% female
and 25.0% were diabetic.
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