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More than 18 million adults in the United States have cor-
onary artery disease (CAD), accounting for 7% of the entire
American adult population.” Coronary artery bypass graft-
ing (CABGQG) is the most performed type of cardiac surgery
with about 370,000 cases annually in the United States.”

The first ever left internal thoracic artery (LITA) to left
anterior descending anastomosis took place in 1968, per-
formed by George Green in New York. Today this proced-
ure has become the gold standard and the patency of this
anastomosis correlates most strongly with improved out-
comes and better survival.’

Just few years later, in 1973, Carpentier and colleagues’
first described the radial artery (RA) as a conduit for CABG.
However, he subsequently advised against its use because of
a higher rate (35%) of occlusion or narrowing possibly
attributed to spasm.” Therefore, this graft quickly fell out
of favor and would not be used again for approximately
20 years. In 1992, Acar and colleagues” demonstrated that
occluded or narrowed RA from the first Carpentier series
were patent at 18-year follow-up. Furthermore, he studied
122 RA grafts and showed that the early patency was
100%, proving the RA was in fact suitable as a graft in
CABG.° Since then, the use of the RA has continued to in-
crease for the treatment of patients with multivessel CAD
undergoing CABG. Atraumatic harvesting technique, care-
ful selection of the target vessel, and use of antispastic pro-
tocols are the likely reasons for the improved results of RA
grafting in the cotemporary era.

EVIDENCE OF SUPERIORITY OF THE RA OVER
THE SAPHENOUS VEIN FOR CABG

There are multiple options for choosing the second graft
when performing CABG procedures in patients who require
multiple bypass grafting. RA and saphenous vein (SV) are 2
of the most common conduits used along with the right in-
ternal thoracic artery (RITA). Multiple randomized clinical
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Preparation of the radial artery graft for coronary
artery bypass surgery.

CENTRAL MESSAGE

The use of the radial artery for
coronary surgery is increasing,
Patient profile, palmar arch
patency, and coronary stenosis
degree need to be evaluated
before radial artery harvesting.

See Commentary on page 120.

trials and meta-analyses along with observational studies
have demonstrated the superiority of the RA over the SV
when it comes to graft patency and clinical outcomes
(Table 1).”'" A network meta-analysis including 3651
grafts showed that among all the conduits used for
CABG, the RA was the best conduit in terms of patency
at 5-year follow-up (incidence rate ratio, 0.54; 95% confi-
dence interval [CI], 0.35-0.82).7 A second meta-analysis
of 14 studies and around 21,000 patients found decreased
long-term mortality (incidence rate ratio, 0.74; 95% CI,
0.63-0.87; P < .001) in the RA group when compared
with the SV group at 6.6 years of follow-up. The survival
benefit was found to be independent of age, sex, diabetes
status, and ventricular function.® In the Radial Artery Data-
base International Alliance, a patient-level meta-analysis
including more than 1000 patients found lower risk of graft
occlusion (hazard ratio [HR], 0.44; 95% CI, 0.28-0.70)
along with decreased incidence of adverse cardiac events
(HR, 0.67; 95% CI, 0.49-0.90) in the RA group compared
with the SV group at 5 years of follow-up.” In a subsequent
report from the same database with 10-year follow-up, we
found that patients who received the RA had also a lower
incidence of the composite of death and myocardial infarc-
tion (HR, 0.77; 95% CI, 0.63-0.94), and a higher survival


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xjtc.2021.09.039&domain=pdf
mailto:mfg9004@med.cornell.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.xjtc.2021.09.039

Cancelli et al

Special Issue of Invited Presentations: Adult: Coronary: Invited Expert Opinions

TABLE 1. Summary of the main studies comparing radial artery (RA) with saphenous vein (SV) grafts in coronary artery bypass grafting

Main findings

Study Study period  No. of patients  Follow-up (y)
Gaudino, 20217 1993-2014 3396 5
Gaudino, 2019° 1993-2012 20,931 7
Gaudino, 2018’ 1996-2009 1036 5
Gaudino, 1997-2009 1036 10
20207
Buxton, 2020'! 1996-2005 416 10

The RA ranked as the best conduit (rank score for RA 0.87 vs 0.85 for no-
touch SV, 0.23 for RITA, 0.29 for GEA, and 0.25 for the conventionally
harvested SV).

Compared with the conventionally harvested SV, only RA (IRR, 0.54;
95% ClI, 0.35-0.82) and no-touch SV (IRR, 0.55; 95% CI, 0.39-0.78)
were associated with significantly lower rate of graft occlusion, whereas
RITA (IRR, 1.02; 95% CI, 0.63-1.65) and GEA (IRR, 0.98; 95% CI, 0.57-
1.68) were not.

Long-term mortality was 24.5% in the RA group vs 34.2% in the SV
group (IRR, 0.74; 95% CL: 0.63-0.87). At meta-regression, RA survival
benefit was independent of age, sex, diabetes status, and ventricular
function.

Compared with the SV group, the incidence of adverse cardiac events was
significantly lower in the RA group (HR, 0.67; 95% CI, 0.49-0.90).
Risk of occlusion (HR, 0.44; 95% CI, 0.28-0.70), incidence of myocardial
infarction (HR, 0.72; 95% CI, 0.53-0.99), and repeat revascularization
(HR, 0.50; 95% CI, 0.40-0.63) were also lower in the RA group.

RA was associated with a significantly lower incidence of death,
myocardial infarction, or repeat revascularization when compared with
SV (HR, 0.73; 95% CI, 0.61-0.88).

RA was also associated with a significantly lower incidence of death or
myocardial infarction (HR, 0.77; 95% CI, 0.63-0.94) and with a higher
survival rate (HR, 0.73; 95% CI, 0.57-0.93) when compared with SV.
The incidence of repeat revascularization was 63 events in the RA group
and 86 events in the SV group (HR, 0.62; 95% CI, 0.45-0.86).

In the RA vs SV comparison, the 10-y patency was 85% for the RA and
71% for the SV (HR, 0.40; 95% CI, 0.15-1.00). The 10-y survival was
72.6% in the RA group and 65.2% in the SV group (HR, 0.76; 95% CI,
0.47-1.22).

In the RA vs RITA comparison, 10-y patency was 89% for RA and 80%
for free RITA (HR, 0.45; 95% CI, 0.23-0.88). The 10-y survival was
90.9% in the RA group and 83.7% in the RITA group (HR, 0.53;95% ClI,
0.30-0.95).

RITA, Right internal thoracic artery; GEA, gastroepiploic artery; IRR, incidence rate ratio; CI, confidence interval; HR, hazard ratio.

rate (HR, 0.73; 95% CI, 0.57-0.93)." The Radial Artery
Patency and Clinical Outcomes trial compared RITA versus
RA in 394 patients and SV versus RA in 225 patients. In the
RITA versus RA arm, the 10-year patency rate was 89% for
RA versus 80% for RITA (HR, 0.45; 95% CI, 0.23-0.88)
and the survival estimate was 90.9% versus 83.7%, respec-
tively (HR, 0.53; 95% CI, 0.30-0.95). In the SV versus RA
arm, the patency rates were 85% for RA and 71% for SV
(HR, 0.40; 95% CI, 0.15-1.00) and 10-year survival esti-
mate was 72.6% and 65.2%, respectively (HR, 0.76;
95% CI, 0.47-1.22).""

Based on this findings, the 2018 European Society of
Cardiology and FEuropean Association for Cardio-
Thoracic Surgery guidelines on myocardial revasculariza-
tion conferred a Class I recommendation to the use of the
RA for CABG.'? Because the evidence in support of the
RA continues to grow stronger and stronger, it seems likely

that when the new American College of Cardiology/Amer-
ican Heart Association guideline for myocardial revascular-
ization will be published, the RA will have the same class of
recommendation.

HOW TO HARVEST THE RA

There are 2 main techniques used for harvesting the RA:
open radial artery harvesting technique (ORAH) and endo-
scopic RA harvesting (ERAH). Until the early 2000s the
only way to harvest the RA was ORAH, which requires a
15 to 18 cm incision in the patient’s forearm (Figure 1). It
wasn’t until 2000 with the creation of the endoscopic vessel
harvesting system that ERAH was possible. Using the
ERAH technique, a 2 to 3 cm incision just above the radial
styloid prominence is all that is necessary."”

With the advancement in training and technologies, the
endoscopic approach to harvest the RA for CABG
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FIGURE 1. Preparation of the radial artery graft for coronary artery
bypass surgery.

continues to grow in popularity. In an analysis of the Society
of Thoracic Surgeons National Database from 2008 to 2018
we found that 43.2% of surgeons use ERAH and 56.8%
ORAH (unpublished data). 14

The concern with ERAH is that it requires more manip-
ulation of the artery than ORAH, with higher risk of me-
chanical injury particularly to the endothelium. Damage
to the RA endothelium during ERAH may lead to graft
spasm, thrombosis, and occlusion and potentially put pa-
tients at higher risk of cardiac events.'” In vitro studies
comparing RA endothelial integrity and function between
the 2 techniques have provided discordant results. Older
studies have reported no difference between the 2 tech-
niques.'® However, in a more contemporary organ bath
study, our group showed that ORAH is associated with bet-
ter preservation of endothelial function compared with
ERAH."

On the other hand, multiple studies have showed that
ERAH produces significantly less arm complications
compared with ORAH. Rates of wound infection, postop-
erative pain, neuropathy, and hematoma have all been
demonstrated to be significantly lower with ERAH.'®** A
meta-analysis of 4 small randomized controlled trials and
2 propensity-matched studies (743 patients; 324 ERAH)
found that ERAH was associated with a lower incidence
of wound complications (odds ratio, 0.33; 95% CI, 0.14-
0.771), without significant difference in 30-day mortality,
long-term mortality, and RA patency rate when compared
with ORAH.?" Similar results were showed by Huang and
colleagues® in a recent meta-analysis of 24 studies (15
observational, 12 of them unadjusted).22

The main conclusion is that the available evidence sug-
gests that ERAH may have improved arm outcomes with
no significant differences in clinical outcome or RA
patency.' > However, most of the published studies are un-
derpowered or are observational studies with biases in pa-
tient selection. Further randomized trials are needed to
better understand the differences in outcomes between the
2 techniques.
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PREVENTING VASOSPASM OF THE RA

Due to the predominantly muscular wall of the RA and
the consequent concerns of spasm, antispastic therapy
with calcium-channel blockers (CCBs) is generally used
postoperatively in patients with RA grafts. A survey of all
Canadian cardiac surgery centers reported that some form
of antispastic therapy is adopted in almost all institutions
(25 out of 27) after RA grafting.”* However, the published
evidence on the effect of CCB on the RA is controversial. In
a small randomized trial, our group assigned 120 patients
who received the RA for CABG to continue or suspend
the CCBs after the first postoperative year and found no dif-
ference in graft patency, graft reactivity, myocardial
ischemia, or clinical outcomes at 5-year follow-up.”” Sub-
sequently, in another small trial, we randomized 100 pa-
tients to receive or not receive CCBs from the early
postoperative period and did not find a difference in clinical
and angiographic outcomes at 1 year.”® In a post hoc anal-
ysis of the Radial Artery Patency Study, among 440 RA pa-
tients, the incidence of string sign (the highest degree of RA
graft spasm) was not influenced by the compliance with the
prescribed postoperative CCBs.”’ On the other hand, in a
post hoc analysis of data in the Radial Artery Database In-
ternational Alliance including 732 patients, we found that
CCB therapy was associated with a significantly lower
risk of major adverse cardiac events (HR, 0.52; 95% CI,
0.31-0.89) and RA graft occlusion (HR, 0.20; 95% CI,
0.08-0.49).”® This post hoc analysis shares the limitations
of observational studies, especially in terms of indication
biases and unmeasured confounders™ because it is likely
that healthier patients were more compliant with the CCB
therapy. Due to the lack of clear data supporting the use
of CCBs following RA grafting, further randomized studies
are necessary to better understand the real influence of
CCBs on the RA grafting.

WHEN AND WHEN NOT TO USE THE RA

The key reasons not to use the RA are insufficient ulnar
artery compensation to RA removal or contraindications to
harvesting (Table 2). The latter includes history of major
arm trauma or surgery, vasculitis, or Raynaud syndrome.””
Some autoimmune conditions, including scleroderma and
rheumatoid arthritis, are also contraindications.”’ Addi-
tionally, RA harvesting is contraindicated in patients who
have advanced chronic kidney disease and are at risk for
future dialysis because the RA may be needed for dialysis
access.’” Furthermore, patients who have undergone coro-
nary angiography via RA access should not have RA
harvesting.””

The adequacy of ulnar compensation to RA removal must
be carefully assessed before harvesting. The clinical Allen’s
test (AT) alone is not sufficient. Patients can have a normal
AT but an incomplete arch, as shown by Agrifoglio and
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TABLE 2. Contraindications to the use of radial artery (RA) as a conduit for coronary artery bypass grafting

When not to use RA
History of major arm trauma
Prior surgery on the arm
Vasculitis
Raynaud syndrome
Scleroderma
Advanced chronic kidney disease
Dialysis
Angiography via RA access

Insufficient ulnar artery compensation, evaluated with Allen test, Barbeau test, echo-Doppler, Doppler plethysmography
Mild-to-moderate stenosis of the coronary target vessel, evaluated with visual inspection, quantitative coronary angiography, fractional flow reserve

colleagues, where 8 out of 150 patients had incomplete
arches despite a normal AT.> Therefore, a second test
should be done if the AT is normal. Among the simplest
confirmatory tests is the Barbeau test, in which a pulse ox-
imeter is placed on the index finger and both the ulnar artery
and RA are manually occluded. Complete occlusion is
confirmed by lack of a waveform on the pulse oximeter.
The ulnar artery is then released; if the palmar arch is
incomplete, the pulse oximeter waveform does not come
back.” Another option is echo-Doppler evaluation that
can also determine the vessel size and identify plaques or
calcifications. Patients are eligible for RA grafting if the
vessel has a diameter >2.0 mm, with minimal evidence of
plaque or calcifications. Other valuable information pro-
vided by Doppler ultrasound include the shape of the RA
waveform and the evaluation of the ulnar collateral blood
supply during manual compression of the RA.*** Doppler
plethysmography assesses the palmar arch by visualization
of pulsatile waveforms in each of the digits before and after
RA compression. If the waveforms are either marginal or
absent at baseline or after RA compression, the RA should
not be used.’® Other modalities such as computed tomogra-
phy angiography, and intraoperative RA pressure measure-
ment are less commonly used.”” The RA should be
harvested from the arm with the best ulnar compensation,
without concerns related to hand dominance.

A third key reason not to use the RA is related to the cor-
onary target vessel. The RA has a more muscular wall than
RITA and LITA and SV and as such is more prone to spasm
in case of mild-to-moderate coronary stenosis and chronic
competitive flow.”” If the target vessel has mild or moderate
stenosis, a greater shear force produced by the oscillating
flow between the conduit and native circulations may
impair endothelial function predisposing to an anastomotic
occlusion.”” In an analysis of 123 postoperative angiogra-
phies, the RA patency rate for target vessel with moderate
stenosis (50% to 74%) was 78.9% compared with 84.9%
for severe stenosis (75% to 89%) and 98% for critical ste-
nosis (>90%) (P = .001). At multivariable analysis, anas-
tomosis to a vessel with stenosis <90% was an independent
predictor of graft occlusion (HR, 14.9; 95% CI, 2.6-83.2).40

Furthermore, in an angiographic evaluations of RA grafts
after 20 years of follow-up, we found a patency rate of
the RA similar to that of LITA when anastomosed to target
vessels with stenosis >90%."!

Visual inspection, quantitative coronary angiography,
and fractional flow reserve (FFR) have all been used to es-
timate the severity of the coronary stenosis and the potential
for competitive flow. It is important to note that target vessel
stenosis is a relatively inaccurate surrogate for chronic
competitive flow because it does not account for the mini-
mal residual lumen diameter or the functional assessment
of the stenosis, which may be better indicators of chronic
competitive flow. FFR is the only direct method to assess
the hemodynamic effect of a stenosis. Based on the most
recent evidence, a FFR cutoff of less than 0.75 to 0.80 is
used to distinguish functionally and nonfunctionally signif-
icant stenosis.”” In the Impact of Preoperative FFR on Arte-
rial Bypass Graft Function trial, Glineur and colleagues”
found a significant association between the preoperative
FFR measurement of the target vessel and the anastomotic
functionality at 6 months (P <.001), with a cutoff of 0.78."’
It must be noted that the majority of grafts in are LITA or
RITA, not RA. In an analysis of 164 patients, Botman and
colleagues™ found a graft occlusion rate of 8.9% when
FFR was >0.75 and 21.4% when FFR was <0.75
(P <.001). We have been using the ratio between the diam-
eter of the RA and the diameter of the target vessel for de-
cision making, with a cutoff of 1.3.

The RA can be proximally anastomosed to the as-
cending aorta or to the LITA and RITA. It seems that
when RA is proximally anastomosed to the ascending
aorta, the higher pressure in the aorta helps with eventual
competitive flow, whereas the anastomosis with the ITAs
makes the RA more vulnerable to the negative effect of
chronic native competitive flow. In an analysis of 228
consecutive, the use of ITA-anastomosed RA, compared
with aorta-anastomosed RA, was associated with higher
rate of graft failure when the coronary target vessel had
a 70% to 90% stenosis (25.0% vs 2.4%; P = .02). No
difference was found when the coronary stenoses were
>90%."
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With the exception of the higher risk of failure of ITA
anastomosed RA grafts in situations of competitive flow,
there are no data to support difference in patency rate of
RA grafts based on target vessels location or graft
configuration.

CONCLUSIONS

The RA has been showed to be superior to the SV in
CABG and its use is increasing for the treatment of patients
with multivessel CAD undergoing CABG. Patient profile,
patency of the palmar arch, and stenosis of the target vessel
must be considered in the decision-making process to use
the RA, but in principle the conduit should be used every
time it is not contraindicated. The optimal technique for
harvesting the RA and the use of CCBs need further
evaluation.
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