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Internal thoracic arteries (ITAs) should be used to bypass
the left anterior descending (LAD) artery when bypass of
the LAD is indicated (class of recommendation [COR] I,
level of evidence [LOE] B). As an adjunct to left internal
thoracic artery (LITA), a second arterial graft (right ITA or
radial artery [RA]) should be considered in appropriate
patients (COR IIa, LOE B). Use of bilateral ITAs (BITAs)
should be considered in patients who do not have an
excessive risk of sternal complications (COR IIa, LOE B).
To reduce the risk of sternal infection with BITA, skele-
tonized grafts should be considered (COR IIa, LOE B),
smoking cessation is recommended (COR I, LOE C),
glycemic control should be considered (COR IIa, LOE B),
and enhanced sternal stabilization may be considered
(COR IIb, LOE C). As an adjunct to LITA to LAD (or in
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patients with inadequate LITA grafts), use of a RA graft
is reasonable when grafting coronary targets with severe
stenoses (COR IIa, LOE: B). When RA grafts are used, it is
reasonable to use pharmacologic agents to reduce acute
intraoperative and perioperative spasm (COR IIa, LOE
C). The right gastroepiploic artery may be considered in
patients with poor conduit options or as an adjunct to
more complete arterial revascularization (COR IIb, LOE
B). Use of arterial grafts (specific targets, number, and
type) should be a part of the discussion of the heart team
in determining the optimal approach for each patient
(COR I, LOE C).
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s the techniques of surgical and percutaneous
T
Acoronary revascularization for coronary artery dis-
ease (CAD) continue to evolve, reassessing available data
to inform decision making should take place periodi-
cally. This expert writing group was charged with
developing balanced, patient-focused recommendations
for clinical practice that aim to improve the quality of
care, optimize individual patient outcomes, and favor-
ably affect costs by focusing resources on the most
effective strategies. Prior multi-society documents have
focused on indications and outcomes of coronary artery
bypass grafting (CABG) and percutaneous coronary
intervention (PCI) in the treatment of multivessel CAD.
This guideline assessed how the choice of arterial con-
duits can affect outcomes.
In the past two decades, despite a decreasing rate of

morbidity and mortality [1–3], the overall rate of CABG in
NorthAmerica has declined bymore than 23%.An analysis
of The Society of Thoracic Surgeons (STS) Adult Cardiac
Surgical Database (ACSD) shows that isolated CABG
procedures peaked in 1997 at 191,581 and declined to
146,947 procedures by 2012. When adjustments are made
for the growing adult US population, a much more signif-
icant decline of nearly 38% for CABG is noted from 2001 to
2008 (from 1,742 to 1,081 CABG procedures per million
adults per year; p< 0.001) [4, 5]. This declinemayhave been
caused by (1) improvements in medical therapy and
The Appendix and Online Supplement can be viewed
in the online version of this article [http://dx.doi.org/
10.1016/j.athoracsur.2015.09.100] on http://www.annals
thoracidsurgery.org.

Ann Thorac Surg 2016;101:801–9 � 0003-4975/$36.00
http://dx.doi.org/10.1016/j.athoracsur.2015.09.100

mailto:aldea@uw.edu
http://dx.doi.org/10.1016/j.athoracsur.2015.09.100
http://dx.doi.org/10.1016/j.athoracsur.2015.09.100
http://www.annalsthoracidsurgery.org
http://www.annalsthoracidsurgery.org
http://dx.doi.org/10.1016/j.athoracsur.2015.09.100


802 SPECIAL REPORT ALDEA ET AL Ann Thorac Surg
GUIDELINES ON ARTERIAL CONDUITS FOR CABG 2016;101:801–9

R
E
P
O
R
T

secondary prevention of stable angina [6], (2) improve-
ments in stent technology and adjuvant medical therapy
that have achieved intermediate-term outcomes similar to
surgical revascularization, and (3) desire by patients to
avoid the invasiveness and short-term risks of surgical
intervention. Consequently, patients referred for a sur-
gical procedure in the current era have more extensive
coronary disease burden and coexisting morbidities such
as diabetes, hypertension, chronic obstructive pulmonary
disease (COPD), peripheral vascular disease, hyperlipid-
emia, and frailty [7–10]. Despite these higher-risk patients,
surgeons are required to provide superior short-term
surgical outcomes, minimal patient morbidity, and
durable long-term outcomes and graft patency.

In the subset of patients who are candidates for
either surgical or percutaneous interventions, older
randomized trials failed to detect significant differences
in short-term death and myocardial infarction (MI) rates,
but they consistently observed higher rates of repeat
revascularization after PCI compared with CABG
[11, 12]. However, large registries that used propensity-
matched analyses showed improved survival with
CABG [13, 14]. In the more current SYNTAX (SYNergy
Between PCI [percutaneous coronary intervention]
With TAXUS and Cardiac Surgery) trial, differences
between PCI and CABG were accentuated and continue
to diverge over time in patients undergoing PCI with
a high or intermediate SYNTAX score (less than 23)
for repeat revascularization and for death and MI
[15, 16]. In this population, favorable outcomes with
CABG were attributed to more complete revasculariza-
tion and improved graft patency.

In recent decades there has been dramatic evolution in
PCI technologies, from balloon angioplasty to newer
generations of drug-eluting stents, and periprocedural
medical therapies that range from long-term dual anti-
platelet therapy to the ubiquitous use of antistatins. In
contrast, there has been little change in choice of conduits
for CABG, and the use ofmultiple arterial grafting remains
low. For the past few decades, most surgeons in the STS
ACSD perform a single arterial bypass of the left internal
thoracic artery (LITA) to the left anterior descending
(LAD) and saphenous vein grafts (SVGs) to remaining
targets. In the SYTNAX trial that compared CABG with
PCI, almost all of the patients undergoing CABG (97.3%)
received at least one arterial conduit bypass and 35.3% of
patients received more than one arterial conduit [17]. The
US sites had a significantly lower rate at 17% [18]. In the
STS ACSD, the current incidence of a second arterial graft
is less than 7% (1990 to 1999, 3.2%; 2000 to 2009, 11.6%; and
2010 to 2013, 6.7%) [19].

Because many studies have reported SVG failure rates
of up to 10% to 20% after 1 year and an additional
5% failure rate for each subsequent year [20–22], it is
logical to infer that if the surgical conduit failure rate can
be ameliorated by safe, more judicious, and effective use
of arterial grafts, long-term clinical outcomes may be
significantly improved.

The most commonly reported coronary revasculariza-
tion outcome measures are all-cause death and graft
patency. All-cause death is a hard end point that can
be reliably measured. Because there is no universally
accepted definition (or assessment) of graft patency or
failure, this end point is harder to report and compare.
Material and Methods

The STS Workforce on Evidence-Based Surgery assem-
bled a task force in 2013 to address factors that guide the
use of potential arterial and venous conduits in CABG
procedures. All Task Force members were required to
submit a disclosure form listing any potential conflict of
interest from the period starting 36 months prior to initi-
ating the guideline. The full responses are available as an
Online Supplement. A systematic review was outlined,
and searches were run in MEDLINE, Embase, and the
Cochrane databases. Results were limited to papers pub-
lished on human subjects in English since January 1, 2000.
The following search terms were used to identify relevant
studies: “coronary artery bypass graft,” “CABG,” “bilat-
eral internal mammary artery,” “bilateral internal thoracic
artery,” “left internal mammary artery,” “right internal
thoracic artery,” “radial artery,” “gastroepiploic artery,”
“patency,” “overall survival,” “mortality,” “morbidity,”
“reoperation,” “sternal infection and malunion.”
We augmented our literature search by manually

reviewing the identified studies. Abstracts were reviewed
by at least two individuals for relevance. The initial
approximately 1,500 results were reduced if theywere case
reports, had a primary focus of PCI, were population-
based studies that covered incidence and risk factors for
CABG, sought to identify potential secondary outcomes or
markers, or included study populations of specific sub-
groups that will be a focus of subsequent STS guidelines.
The remaining 103 relevant clinical studies were analyzed
in the evidence and critical appraisal tables in the
Appendix by three authors (S. Fremes, S. Firestone, and
F. Bakaeen). Guideline recommendations were formu-
lated and reviewed by all members of the writing group
before approval by the Workforce on Evidence-Based
Surgery and the STS Executive Committee.
The class of recommendation (COR) is an estimate of

the size of the treatment effect that consider risks versus
benefits in addition to evidence or agreement that a given
treatment or procedure is or is not useful/effective. The
level of evidence (LOE) is an estimate of the certainty or
precision of the treatment effect (Table 1).

Bilateral ITA
The LITA is the gold standard conduit in CABG and has
consistently shown to be associated with improved sur-
vival, graft patency, and freedom from cardiac events
compared with SVG conduits. The LITA is used routinely
to bypass the LAD artery when considerable disease is
present, provided that contraindications to its use are not
present (eg, poor LITA blood flow, extreme risk of sternal
infection/malunion). This is thought to be because of the
unique vascular biology of the internal thoracic artery
and the large territorial run-off when the LITA is used to



Table 1. Description of COR and LOE

Description

COR
Class I (benefit > > >risk) Procedure/treatment should be performed/administered.
Class IIA (benefit >>risk) Additional studies with focused objectives needed; it is reasonable to perform procedure/

administer treatment
Class IIB (benefit > risk) Additional studies with broad objectives needed; additional registry data would be

helpful; procedure/treatment may be considered
Class III (no benefit) Procedure/test: not helpful; treatment: no proven benefit
Class III (harm) Procedure: without benefit or harmful; treatment: harmful to patients

LOE that best fits the recommendation
Level A Multiple populations evaluated; data derived from multiple randomized clinical trials or

meta-analyses
Level B Limited populations evaluated; data derived from a single randomized trial or

nonrandomized studies
Level C Very limited populations evaluated; only consensus opinion of experts, case studies, or

standard of care are available

COR ¼ classification of recommendation; LOE ¼ level of evidence.
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bypass the LAD. Data suggest that arterial grafts may also
mitigate progression of native CAD [23].
CONDUIT HARVEST. The mammary pedicle may provide
some protection for the artery at the expense of greater
sternal ischemia [24, 25]. Alternatively, the internal
thoracic arteries can be harvested in a skeletonized
fashion or with a surrounding myofascial pedicle. Skel-
etonization was thought to potentially increase the like-
lihood of damage to the artery due to lack of surrounding
soft tissue, but reported patency rates are similar between
skeletonized and pedicle ITAs [26]. Several reports sug-
gested that harvesting the ITA in the skeletonized fashion
compared with pedicled grafts preserves sternal blood
flow and, along with enhanced sternal reinforcement,
significantly reduces the risk of wound infection [27, 28].
This is especially relevant in patients with diabetes mel-
litus (DM) with single ITA (SITA) and bilateral ITA (BITA)
use [29].
BENEFITS OF BITA. Large nonrandomized risk-adjusted reg-
istry data and meta-analyses have reported safety
and efficacy of BITA grafting [30–33]. The use of both ITAs
was associated with decreased risk of death, reoperation,
and PCI. A recent study found that BITA with the use
of the right ITA (RITA) bypass to the LAD and the LITA
to another left-sided coronary vessel has comparable
outcomes with a BITA with LITA to the LAD and RITA
to a left-sided coronary bypass (RITA late death hazard
ratio [HR] 0.78, 95% confidence interval [CI]: 0.48 to
1.26; and repeat revascularization HR 0.83, 95% CI: 0.7 to
2.42) [34].

Three meta-analyses of retrospective studies compared
SITA with BITA grafts and found HRs of 0.8 for overall
survival and lower re-intervention rates, favoring BITA.
The beneficial impacts of BITA compared with LITA
grafting on survival and major adverse cardiac events
may be delayed by as much as a 7 to 10 years but persist
beyond that time period; thus, they may be less appre-
ciated in older patients with coexistent morbidities with
more limited life expectancy [35, 36]. In addition, certain
subset of patients, specifically patients with DM, may
derive specific survival benefits from BITA grafting [37].
STERNAL COMPLICATIONS. Although rates of surgical site in-
fections are decreasing [38], mediastinitis and sternal
malunion are associated with significant cost, morbidity,
and death after CABG [39–41]. Known risks of sternal
infection and malunion after SITA include nonelective
procedure, age, pre-CABG hospital stay of more than
3 days, female sex, DM, obesity (body mass index greater
than 40 kg/m2), COPD, active smoking, use of intra-aortic
balloon pump, the duration of surgical procedure,
re-exploration for bleeding, immunosuppression regimen,
and radiation mediastinal injury. Risks increase dis-
proportionally when multiple factors are present [42–45].
Although graft patency and survival appears superior
with BITA grafting, the main concern for surgeons is the
potential increased risk of sternal wound infections
compared with SITA. This increase in sternal media-
stinitis may be secondary to a diminution of sternal blood
supply after pedicled BITA [24, 46–48]. Although several
investigators have reported an increased risk of sternal
wound infections with BITA harvesting [49, 50], others
have reported no significant difference in sternal wound
complications, particularly after adjustment for other
potentially confounding risk factors (such as sex, obesity,
COPD and smoking) [51].
A major confounding factor for sternal wound in-

fections is whether the diagnosis of DM is a risk factor or
whether the risk is more closely associated with poor
perioperative glycemic control. Although the importance
of glycemic control in the perioperative period is well
established, most reports classify patients only as having
DM without further stratification of the level or effec-
tiveness of glycemic control. Several reports suggest that
poor preoperative glycemic control with glycosylated
hemoglobin values greater than 7% were associated with
worse outcomes [52]. The diagnosis of diabetes alone,
independent of glycemic control, was not a predictor of
outcomes in this study.
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Current data suggest that BITA grafts can be performed
safely in many, if not most, patients and is associated
with improved graft patency and survival. There does
appear to be an increased risk of sternal wound compli-
cations (nearly twofold to threefold) that may be miti-
gated by use of skeletonized graft harvest. Current data
suggest that the survival benefit of BITA use appears in
long-term follow-up of greater than 5 to 10 years, pro-
vided that the risk of postoperative mediastinitis is not
increased.
LIMITATIONS. Definitive comparisons of single LITA use
with BITA are limited by a paucity of sufficiently powered
(for both benefit and risk), prospective, randomized trials
with appropriate long-term follow-up (greater than
10 years). Analyses and interpretations of large non-
randomized series aim to control for bias in patient and
conduit selection with propensity-matching techniques to
adjust for varied patient profiles and risk, but cannot fully
eliminate the possibility of selection bias affecting out-
comes and survivals [30, 35]. Given the relatively low
incidence of sternal infections, smaller studies are typi-
cally underpowered and are at risk of statistical type
2 errors when no difference in outcomes are reported.

A more definitive study about BITA versus SITA
grafting (Arterial Revascularization Trial) is under way
and has reported early outcomes [53]. More than 3,000
patients undergoing CABG were randomized to receive
either SITA or BITA grafting. Early results were excellent
and reveal similar operative and 1-year mortality rates.
However, patients who received BITA grafts had a
significantly higher risk of sternal wound complications
(0.6% versus 1.9%, HR 3.2, 95% CI: 1.5 to 6.8). Long-term
outcomes will be informative about graft patency, need
for re-intervention, and survival, but they are yet to be
reported.
RECOMMENDATIONS.

� The ITA should be used to bypass the LAD artery
when bypass of the LAD is indicated (COR I, LOE B).

� As an adjunct to LITA, a second arterial graft
(right internal thoracic artery or radial artery [RA])
should be considered in appropriate patients (COR
IIa, LOE B).

� Use of BITAs should be considered in patients who
do not have an excessive risk of sternal complica-
tions (COR IIa, LOE B).

� To reduce the risk of sternal infection with BITA
consider the following:

B Skeletonized grafts should be considered

(COR IIa, LOE B).
B Smoking cessation is recommended (COR I,

LOE C).
B Glycemic control should be considered

(COR IIa, LOE B).
B Enhanced sternal stabilization may be

considered (COR IIb, LOE C).
Radial Artery
RA conduits in CABG are typically used as part of a
strategy of a multiple, more complete arterial
revascularization strategy as an adjunct to a LITA to the
LAD or BITA grafting. Unlike BITA, the use of a RA as an
adjunct to LITA does not affect sternal vascular supply or
increase risk of sternal healing or malunion. After an
early controversy about poor graft patency and outcomes
associated with RA grafts, the last two decades have
produced data to support the safety and efficacy of RA
conduits in patients undergoing CABG. This is most
likely because of more appropriate patient and distal
target selection and better pharmacologic perioperative
therapy that aims to reduce RA graft spasm. According
to a STS ACSD study, RA use peaked at 12.3% of all
primary CABGs in 2002 and subsequently declined to
5.5% in 2009 [1].

CONDUIT HARVEST. The RA graft has the advantage of ease
of harvest and ability to reach all coronary territories,
making it an attractive option for a second or third arterial
conduit. The RA is routinely harvested from the
nondominant arm because of concerns about potential
adverse impact of RA harvesting on hand sensory and
motor function. The RA is usually not harvested if used
previously and recently for angiography. Routine preop-
erative noninvasive vascular assessment of the palmar
arch circulation to demonstrate a balanced radial and
ulnar arterial circulation can allay concerns about hand
ischemia. A properly conducted Allen’s test is a useful
first-line test to select patients for RA harvest, but the
cutoff is controversial, and the test does not have a perfect
sensitivity or specificity. Therefore, many surgeons
choose to supplement the Allen’s test with a second test
such as dynamic Doppler ultrasound or measurement of
digital pressure or pulse oximetry changes with RA oc-
clusion [54]. Reassuringly, the incidence of forearm and
hand ischemia is exceedingly low when such screening
strategies are used [54–56].
Mild pain, paresthesia, weakness, and other neurologic

symptoms in the harvest arm occur in up to one-third of
patients in the early postoperative period, but they are
usually transient and self-limiting [56, 57].

PHARMACOLOGIC MANAGEMENT. RAs are structurally and
functionally different from ITAs. The RA is more
muscular and is more susceptible to vasospasm; there-
fore, the use of pharmacologic prophylaxis against RA
spasm is a common practice [58]. Multiple clinical studies
have reported the efficacy of various pharmacologic
agents in reducing spasm [59–61], although the impact
their use has on overall survival and patency is unclear.
Calcium channel blockers with or without nitrates are the
most commonly used agents during bathing of the RA
during graft preparation or for systemic administration
intraoperatively and perioperatively when the RA may be
the most vulnerable to spasm. Other less frequently used
intraoperative antispasmodic agents evaluated include
milrinone, papaverine, and phenoxybenzamine. The use
of systemic agents may be limited by their hypotensive
properties; therefore local application of antispasmodic
agents is preferred. Beyond the perioperative period,
calcium channel blockers are the mainstay therapy and
are frequently continued for weeks or months after
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discharge [58, 62]. However, little clinical data support
long-term use (beyond the perioperative period), and
some experienced centers have abandoned this routine
[63]. A systematic review of the literature did not find a
definitive benefit for prolonged administration of calcium
channel blockers [64].

TARGET SELECTION. The “string sign,” indicating diffuse
narrowing or spasm of part or the entire length of the
graft, is more common in RA grafts than in SVGs. It may
be related to competitive flow or the perioperative use
of alpha-adrenergic agonists [65] and was reported in as
many as 7% of RA grafts [7]. Randomized trials that
compared RA grafts with SVGs have consistently
included a target vessel stenosis cutoff of greater than
70% as a criterion to minimize competitive flow [7]. Some
investigators have reported a further threshold and step
up in the risk of graft failure when comparing target
vessels with proximal lesions of 70% to 89% to those
greater than 90% [66].

The severity of target coronary stenosis is a main
determinant of competitive flow, but the size of the target
vessel needs to be considered as well. Existing American
College of Cardiology/American Heart Association 2011
guidelines recommend against (class III, LOE C) arterial
revascularization of the right coronary artery (typically
larger than other potential targets) with less than
90% stenosis [67]. However, a recent systematic review
suggested that graft failure of arterial grafts compared
with SVGs to the right coronary artery is not significantly
different without specification of a cutoff percentage for
target vessel stenosis [68].

RA GRAFT VERSUS SV GRAFT. Seven randomized trials com-
pared SVG with RA graft. Both the Radial Artery Patency
Study [69] and the Radial Artery Versus Saphenous Vein
Patency [70] studies showed the RA graft to have superior
patency versus SVGs on 5-year angiographic follow-up.
Two other studies, one that incorporated other arterial
grafts to bypass coronaries with in-stent stenosis [71], and
one that compared a composite LITA/RA total arterial
revascularization with LITA/SVG CABG [72], favored RA
patency beyond 1 year compared with SVG. In contrast,
comparable patency rates between the RA graft and SVGs
were found in the 1-year results from the Department of
Veteran Affairs Cooperative Studies Program [73] and the
midterm results from the Radial Artery Patency and
Clinical Outcomes (RAPCO) study [74]. One trial reported
overall superiority for the no-touch SVG patency over
RA at a mean of 36 months; however, all RA-grafted cor-
onary arteries with a stenosis of greater than 90% were
patent [75].

Systematic reviews and meta-analyses sharing a similar
core of randomized studies comparing RA and SV
patency reported similar findings that selected patients
with severe coronary stenosis may have superior RA
angiographic outcomes at midterm [7, 27, 68].

Most observational data on this topic are derived from
a few large single-center experiences, and many have
reported favorable RA patency [76, 77]. Exceptions
included reports that associated RA with reduced graft
patency, but the studies were limited by small patient
numbers [78, 79].
Two randomized control trials found a clinical benefit

for RA on angina recurrence [72] and cardiac event-free
survival compared with SVG [80]. A systematic review
that included studies with follow-up that ranged from 1 to
6 years found no significant difference in mortality rates
between the RA graft and SVG [81].
Large observational single-center studies associated

the use of the RA to have improved long-term survival
[82–84]; however, this was not replicated in any ran-
domized trial or a large retrospective propensity-matched
analysis to evaluate RAs in the context of arterial revas-
cularization [85].
RA VERSUS RITA. The RA appears to have comparable graft
patency to RITA. The RAPCO study included a RA and
free RITA arm for patients older than 70 years that found
5-year patency rate of 89.8% in the RA group (95% CI:
71.0% to 100%) and 83.2% (95% CI: 54.1% to 100%) in the
RITA group [74]. The remaining literature that compared
RA and RITA patency is limited to retrospective studies
with small patient numbers and inadequate long-term
follow-up to guide care. The largest observational study
(528 propensity-matched pairs) with a mean follow-up of
5.2 years showed similar graft patency rates for RA
and RITA [86]. Other observational studies found supe-
rior RITA patency [79], including comparisons of LITA
with RITA to LITA with RA composites [87].
No randomized trial to date has reported superior

survival outcomes with the use of RITA compared with
RA in patients undergoing CABG. Most observational
studies showed no difference in major adverse cardiac
events, but a few observational studies showed
improvement with RITA [87–89]. The RAPCO study
showed no difference in the event (death, MI, or revas-
cularization) free survival between RITA and RA at a
mean follow-up of 6 years.
Recently, the use of RA access for coronary angiog-

raphy has increased. Because of concerns about injury to
the RA caused by instrumentation and its potential
impact on graft patency [90, 91], it is recommended that
there should be a delay between transradial angiography
and the use of the instrumented RA as a conduit for
CABG. Clinical data are insufficient to designate a safe
wait time, but histologic and flow dynamic data suggest
that 3 months may be reasonable [90].
RECOMMENDATIONS.

� As an adjunct to LITA to LAD (or in patients with
inadequate LITA grafts), use of a RA graft is
reasonable when grafting coronary targets with
severe stenoses (COR IIa, LOE B),

� When RA grafts are used, it is reasonable to use
pharmacologic agents to reduce acute intraoperative
and perioperative spasm (COR IIa, LOE C).

Right Gastroepiploic Artery
The right gastroepiploic artery (RGEA) is most often used
in a similar fashion as the RA. Because it is also suscep-
tible to spasm, it should only be used to bypass
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severely stenotic coronaries, preferably the right coronary
artery [92].

One-year patency of the RGEA is consistently reported
to be 90% to 95% [93–95], with patency rapidly reducing
to 80% to 85% and 62% at 5 and 10 years, respectively
[93, 95, 96]. The GEA artery appears to be inferior to ITA
grafts in terms of patency, whereas no significant differ-
ences are found between the GEA and RA or SVG con-
duits [79, 94, 96, 97]. In terms of clinical outcomes, no
significant difference in event-free survival between the
RGEA, RA, or SVG was reported [92, 98–102].

The abdominal incision and exposure required to har-
vest the RGEA (in addition to sternotomy with ITA or
BITA harvest) may increase risk of sternal wound healing.
For these reasons and for technical issues related to
limited graft length, variation in size, and small distal
diameter, the GEA is rarely used in North America and
Europe [17]. Some centers in Asia still use gastroepiploic
grafts and continue to report competitive outcomes
associated with them [103].

RECOMMENDATIONS.

� The RGEA may be considered in patients with poor
conduit options or as an adjunct to more complete
arterial revascularization (COR IIb, LOE B).

Heart Team Approach
The latest European and American guidelines on
myocardial revascularization recommend a formal
collaborative interaction between the patient and the
heart team comprised of noninterventional cardiologist,
interventional cardiologist, cardiac surgeon, and other
care providers [67, 104, 105]. With the use of evidence-
based data of risk and benefit and appropriateness, this
team aims to objectively inform and advise the patient of
all treatment options to ensure a fully informed consent
and shared decision making [67, 104]. Physicians and care
providers engaged in this multidisciplinary decision-
making process should have a common collective goal
of facilitating patient-centered care that is based on
(1) reviewing the patient’s coronary anatomy and disease
burden (including SYNTAX score); (2) reviewing the pa-
tient’s coexisting medical morbidities that influence per-
iprocedural and long-term outcome and survival; (3)
proposing and integrating medical therapies and patient
initiatives to address and mitigate long-term conse-
quences for these conditions (eg, smoke cessation, exer-
cise regimen, diet modification, and diabetes and lipid
management); (4) assessment of individual patient’s pri-
orities and goals such as survival, angina relief, freedom
from MI or repeat revascularizations; (5) balancing pa-
tient’s goals with preferences to limit the invasiveness of
the procedure and enhancing postprocedural recovery
(convalescent) time; and (6) containing (societal) health
care costs.

The heart team should acknowledge that particular
patients will derive specific short- and long-term
benefits from alternative treatments within subsets of
strategies for percutaneous (eg, duration of dual anti-
platelet therapy and type of stent) and surgical
revascularization (eg, choice of conduits, off-pump
CABG, and limited aortic manipulation). Because
number, type, and specific targets of arterial grafts
influence patient survival, quality of life, and dura-
bility of revascularization, these should be discussed as
part of the heart team assessment and recommenda-
tion to the patient.
RECOMMENDATION.

� Use of arterial grafts (specific targets, number, and
type) should be a part of the discussion of the heart
team in determining the optimal approach for each
patient (COR I, LOE C).
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