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Background Total arterial revascularisation may prolong postoperative survival following coronary surgery due to
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avoidance of late saphenous vein graft (SVG) failure leading to ischaemic cardiac events. The left internal
mammary artery (LIMA) is routinely used for CABG but harvest may adversely affect lung function and
reduce sternal vascular supply. Early experience of a novel reconstruction with exclusive reliance on two
radial arteries (RA) joined as a Y graft (RARAY) is presented.
Methods One RA is anastomosed to the ascending aorta and used to revascularise the left anterior descending

artery coronary territory; and a second RA is joined to the first 4–6 cm from the origin, approximating
the lateral border of the pulmonary artery and used to revascularise the circumflex and right coronary
territories. No LIMA is used. The radial artery was harvested open with diathermy and metal clips and
since 2008, all patients received intravenous vasoconstrictors from the commencement of the
anaesthetic.
Results From 2002 to 2019, 28 patients underwent RARAY for specific indications of prior use or reasons to avoid

LIMA harvest, preservation of lung function, minimisation of bleeding risk from antiplatelet agents and
extra length of RA to graft distal coronary targets beyond usual reach for LIMA. There was no RA spasm,
no in-hospital death and no patient returned with symptoms of angina.
Conclusions The early experience of the RARAY operation for three coronary territory revascularisations are

satisfactory.
Keywords RARAY � Radial artery � Y graft � CABG � Total arterial revascularisation
Background
The achievement of total arterial revascularisation (TAR) has
a survival advantage over the use of saphenous vein grafting
(SVG) in coronary artery bypass grafting (CABG). The
mortality hazard in a large-scale propensity score matched
cohort, (n=28,710) when �1 SVG was used was 1.22 (95% CI
1.15, 1.30), p,0.001 [1].
Department of Surgery, University of Melbourne, Parkville
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It is common for surgeons to use just one SVG graft in
clinically ambivalent, urgent or “rescue” circumstances or by
preference. This practice, even when the majority of conduits
are arterial may still result in reduced late survival with a
mortality hazard in matched patients (n=24,632) of 1.22 (95%
CI 1.14, 1.30), p,0.001 [1].

In the setting of severe respiratory disease avoidance of left
internal mammary artery (LIMA) harvest may reduce the
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adverse impact on lung function of CABG perioperatively
[2,3]. The RA is longer, larger, easier to harvest, and more
robust. The authors experience is also that RA is easier to
anastomose and less prone to intraoperative spasm than the
LIMA.
The aim is to report the operative technique and early

clinical results of a novel revascularisation technique that
relies exclusively on two RA without LIMA.
RA #2
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Figure 1 RARAY operation.
Legend: The first RA is used to revascularise the LAD
territory and the second RA is used for the circumflex
and right coronary territories.
Abbreviations: RA, radial artery; Y, composite graft;
LAD, left anterior descending artery; OM, obtuse mar-
ginal; PDA, posterior descending artery.
Methods
A retrospective cohort study was approved by the Mel-
bourne Health Ethics Committee (QA2014.180). Each patient
had a specific indication for use. The primary focus changed
over time and commenced with operative rescue indications
often involving lack of availability or damage to LIMA
during harvest; later preservation of lung function by
avoiding LIMA harvest; and most recently specific grafting
indications whereby the in-situ LIMA was deemed to be of
inadequate length to reach very distal left anterior descend-
ing (LAD) territory targets. Thus, the indications for use
evolved over time. Clinical follow-up of symptoms was by a
combination of researcher contact and surgeon’s clinical
postoperative records.

Technique of Surgery
Both RA were harvested with an open technique and with
the use of diathermy. Most patients received intraoperative
and perioperative vasoconstrictor infusions; and routinely
since 2008. No intraoperative systemically administered va-
sodilators were used. The distance is measured from the
middle of the ascending aorta to the lateral border of the
pulmonary artery (4–6 cm) and a Y graft is constructed be-
tween the two RA prior to grafting (Figures 1 and 2). The first
of the RAs is then anastomosed to the ascending aorta and
used to graft the LAD territory initially; including any di-
agonal or intermediate arteries that lie beneath a gentle curve
of the conduit so as to position the Y graft without any
conduit kinking (Figure 3). By observing a lack of tension
and gentle curves of the two conduits, the Y graft position
will lie approximately at the lateral border of the pulmonary
artery, adjacent to the tip of the left atrial appendage
(Figure 3). The circumflex and right coronary artery terri-
tories are then grafted using the RA taking origin as the Y
graft in the same manner as for LIMA-RA Y graft (Figure 4).
It is important to allow sufficient length of conduit to the first
of the circumflex targets, so as not to inadvertently induce
tension in the segment of RA overlying the pulmonary ar-
tery, proximal to the Y graft.
Comparison with propensity score matched cohorts of

LIMA1SVG and TAR patients was undertaken.

Statistics
For continuous variables, the means and standard deviations
were provided. Propensity score matching was performed
using 15 variables with caliper 0.1. All-cause mortality was
measured independently by the national death register and
Kaplan-Meier analysis used.
Results
Between 2002 and March 2019, 28 patients underwent
RARAY, with 10 patients since 2018.
Specific indications are listed in Table 1, with the most

common being diffuse LAD disease requiring very distal
grafting considered to be beyond the reach of the LIMA
(n=11). Avoidance of LIMA harvest in order to minimise the
negative impact of harvest on lung function was the next
most common indication (n=8); as well as prior LIMA use or
LIMA harvest issues (n=7) and avoidance of LIMA harvest to
reduce bleeding risk (n=2). The early part of the experience
represented an urgent “rescue” strategy, and latterly repre-
sented planned and intentional grafting strategies to resolve
specific problems.
There were 4.161.2 (range 3–7) grafts per patient at age

70610 (range 51–88) years, EuroSCORE-II, 5.364.4
(0.9–20.2), redo surgery, 29% and concomitant valve surgery,
14%. Other demographic details are listed in Table 2. Most
patients were severely symptomatic, New York Heart As-
sociation (NYHA) III or IV in 64%.
There was no in-hospital or 30-day mortality, and no pa-

tient returned with postoperative angina. No intraoperative
RA spasm was observed.
Propensity score matching with TAR (n=23 pairs) or

LIMA1SVG (n=20 pairs), Table 3, found the groups to be



Figure 2 Construction of RARAY conduit.
Legend: Panel 1, harvest two radial arteries; Panel 2,
measure to lateral border of pulmonary artery; Panel 3,
construct Y graft; Panel 4, suture conduits together to
prevent twisting.
Abbreviations: Ao, aorta; PA, pulmonary artery; LAA,
left atrial appendage.

Figure 3 Revascularise left anterior descending artery
territory first.
Legend: Panel 5, use RA#1 from ascending aorta to
revasularise LAD territory first including any diagonal
arteries; Panel 6, Y graft positioned at lateral border of
PA; RA#2 used for circumflex and right coronary terri-
tories.
Abbreviations: Ao, aorta; LAD, left anterior descending
artery; D3, third diagonal; LV, left ventricle; Cx,
circumflex; RA radial artery.
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well matched; but there no difference in survival p=0.859 and
p=0.407, respectively.
Discussion
We describe a novel revascularisation technique for total
arterial revascularisation to all three coronary territories that
relies entirely on two RA conduits. The principles of this
operation are very similar to the LIMA-RA-Y graft (RAY) or
bilateral internal mammary artery Y graft (BIMAY) tech-
niques, Figures 1–4—where one conduit is used to revascu-
larise the LAD territory and the second conduit taking origin
as a Y graft is used to revascularise the circumflex and right
coronary artery (RCA) territories. This technique allows
avoidance of LIMA harvest when indicated or unavailable;
or potential avoidance of the consequent negative impact
LIMA harvest may have on sternal vascularity, lung function
or when LIMA is damaged.

Total arterial revascularisation as a strategic goal of coro-
nary surgery is not widely practiced world-wide, with
approximately 90–95% of CABG occurring with the use of
one or more SVG [4,5], an important barrier to wider adop-
tion of this technique. However, our data suggest that there
is a higher mortality hazard when SVG is used, even one
single SVG graft [6]. Further, there is evidence that late
mortality is reduced by more frequent use of arterial grafts
(i.e. fewer SVG grafts) [6–12]. Therefore, a central rationale
for use of this technique is to achieve TAR when the LIMA is
not available.



Figure 4 Revascularise circumflex and right coronary
territories.
Legend: Panel 7, sequential grafting of second marginal
artery with RA#2; Panel 8, grafting of posterior
descending artery; Panel 9, inferior view of RA#2
grafting to circumflex and right coronary territories.
Abbreviations: Cx M2, circumflex second marginal;
PDA, posterior descending artery; RA, radial artery;
IVC, inferior vena cava.
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In our series, five patients had prior use of LIMA and two
patients had damage to the LIMA, forming the indication for
an alternative grafting strategy Table 1. However, the LIMA
may also be of insufficient length to adequately graft the very
distal LAD near to the apex; or to perform multiple sequential
grafting to distal LAD and diagonal targets. The RA is longer
than the in-situ LIMA as well as the free internal mammary
artery anastomosed to the ascending aorta and is therefore
better suited to this grafting scenario and this indication was
present in eight patients. Alternatively, avoiding a LIMA har-
vest also reduced the chest wall trauma and therefore the
prospects of chest wall bleeding which may be relevant if ur-
gent CABG is performed in the presence of full dose anti-
platelet agents. Sternal blood supply is substantially reduced
by LIMA harvest [13] and avoidance of harvest could poten-
tially reduce the incidence of deep sternal wound infection.
Many believe that the late survival advantage of LIMA to

LAD as originally reported by Lytle and Loop and [14,15]
represents a distinct category of arterial conduit or grafting
strategy that cannot be replicated by any other conduit or
reconstruction strategy. We reflect that the original publica-
tion was in the mid 1980s, from CABG performed in the
1970s, during the commencement of LIMA grafting. LIMA
was usually the only arterial conduit; all others were SVG.
The LAD was the only coronary artery target for the LIMA.
The original scientific interpretation was that the survival
advantage observed reflected the difference in late patency
between the arterial conduit compared to SVG—not that
there was some peculiar property of LIMA or the LAD
distinct from any other arterial conduit or coronary artery.
In our experience of arterial conduit postoperative angiog-

raphy, we have observed that the well documented progres-
sive atherosclerosis formation of SVG is not replicatedwith any
of the arterial conduits. Specifically, the angiographic outcome
is “binary”—either occluded/string sign (an early phenome-
non) or patent1normal (irrespective of how late postoperative
the angiogram is performed). We therefore consider it valid to
use any arterial conduit to any target, and this forms the
rationale for the use of RA to graft the LAD territory.
Use of a composite Y graft from the aorta rather than based

on an in-situ LIMA is a theoretical concern of some surgeons;
yet when we compared the RAY and TAR performed by any
other technique which routinely involved the use of aorta-
coronary RA grafting, there was no difference in survival [16].
Composite Y grafting techniques are often viewed as being

technically demanding. Y grafting and sequential grafting
methods are more complex than single aorta-coronary
grafting; yet the authors maintain that these differences are
generally exaggerated. Also, since the RA is larger, more
robust, easier to harvest and easier to use for grafting than
the internal mammary artery.
A widely held view is that the RA is severely and

frequently affected by intraoperative and postoperative
spasm, to the extent that most surgeons still use intra-
operative and postoperative vasodilators [17–22]. Only two
small RCTs have been performed with no evidence of the
efficacy of vasodilators but were considered to be under-
powered [23,24]. Only one recent sub-analysis of RA
angiographic RCTs suggested an important effect for va-
sodilators [25] but was criticised [26]; and is discordant with
the remainder of the literature. Our institution has used
more than 20,000 RA and observe intraoperative LIMA
spasm more often than any RA spasm; both of which are
uncommon and usually respond promptly to topical



Table 1 Specific indications for RARAY operation.

Case Indication Distal LAD
Disease (Extra
Conduit Length)

Respiratory
Risk

Conduit
Issue

Bleeding
Risk

1 Distal LAD disease (extra reach) 1

2 Respiratory disease - Severe rheumatoid arthritis 1

3 Diffuse disease, poor LV 1

4 Distal LAD disease (extra reach) 1

5 Distal LAD disease (extra reach) 1

6 Respiratory - steroid dependent asthma 1

7 Distal LAD disease (extra reach), multiple LAD stents preventing
routine grafting

1

8 Distal LAD disease (extra reach) 1

9 Distal LAD disease (extra reach) 1

10 Ticagrelor, avoid LIMA harvest to reduce bleeding risk 1

11 Respiratory - Obese BMI 44, avoid LIMA harvest 1

12 Distal LAD disease (extra reach) 1

13 Distal LAD disease (extra reach) 1

14 Severe thrombocytopaenia, avoid LIMA harvest to reduce bleeding
risk

1

15 LIMA dissected during harvest - discard LIMA 1

16 Respiratory failure - Avoid LIMA harvest, Large recent myocardial

infarct

1

17 Prior LIMA use (Redo) 1

18 Respiratory - Obese BMI 47, avoid LIMA harvest 1

19 Respiratory - Florid acute pulmonary oedema from ruptured mitral

valve chordae

1

20 Chest wall osteoarthritis prevented adequate LIMA harvest 1

21 Prior LIMA use (Redo) 1

22 Prior LIMA use (Redo) 1

23 Prior LIMA use (Redo) 1

24 Respiratory - Severe steroid dependent asthma 1

25 Distal LAD disease (extra reach) 1

26 Respiratory - Previous left thoracoplasty for TB, avoid LIMA harvest 1

27 Prior LIMA use (Redo) 1
28 Distal LAD disease (extra reach) 1

TOTAL 11 8 7 2

Abbreviations: RARAY, radial-radial Y graft operation; LIMA, left internal mammary artery; LAD, left anterior descending artery; BMI, body mass index;

TB, tuberculosis.

RARAY Operation for Coronary Surgery 1877
vasodilators. In this series, systemic intraoperative vasodi-
lators were not used. Prior to 2008, the majority of patients
received perioperative vasoconstrictors and from 2008, all
patients received intravenous noradrenaline infusions from
the commencement of the anaesthetic. No evidence of
intraoperative RA spasm was noted.
No survival differences were noted in comparisons with

TAR or LIMA1SVG; but the sample size was small with
insufficient power.

Study Implications
This report describes the method of reconstruction and pre-
liminary safety data. There are several theoretical benefits
that could allow for expanded use by allowing an alternative
reconstruction method to the achievement of TAR including
avoidance of the respiratory, bleeding and sternal ischaemic
consequences of LIMA harvest, simpler reconstruction tech-
nique and greater flexibility of grafting strategy resulting
from a longer conduit being applied to the LAD territory in
order to achieve total arterial revascularistion.

Study Strengths and Limitations
The key limitations of this study are the small sample size,
bespoke indications for its use, limited follow-up and
absence of angiographic follow-up data. Validation of this
technique is not possible without a larger sample size and
longer follow-up with comparison to conventional CABG.



Table 2 Propensity score matched patients RARAY versus total arterial revascularisation (n=23 pairs).

Variables Unmatched Matched

RARAY (n=28) TAR (n=5,795) P-value RARAY (n=23) TAR (n=23) P-value

Number of grafts 4.161.2 2.861.1 ,0.001 3.961 461.1 0.581

Male (%) 22 (78.6) 4,311 (74.4) 0.828 17 (73.9) 17 (73.9) 1.000

Age (yr) 70.769.8 66610.4 0.018 71.269.5 69.268.6 0.465
,50 0 424 (7.3) 0 1 (4.3)

50-69.99 13 (46.4) 3,080 (53.1) 11 (47.8) 7 (30.4)

70-79.99 10 (35.7) 1,901 (32.8) 7 (30.4) 14 (60.9)

.80 5 (17.9) 390 (6.7) 5 (21.7) 1 (4.3)

Preoperative outcomes

Current smoker 6 (21.4) 316 (5.5) 0.004 4 (17.4) 2 (8.7) 0.665

Family history CAD 5 (17.9) 2,593 (44.7) 0.004 5 (21.7) 7 (30.4) 0.738

Diabetes 12 (42.9) 934 (16.1) 0.001 9 (39.1) 9 (39.1) 1.000
Hypercholesterolaemia 15 (53.6) 4,206 (72.6) 0.031 11 (47.8) 13 (56.5) 0.768

Hypertension 24 (85.7) 3,727 (64.3) 0.027 19 (82.6) 19 (82.6) 1.000

Obesity 9 (32.1) 1,601 (27.6) 0.675 7 (30.4) 11 (47.8) 0.365

Myocardial infarction 14 (50) 2,327 (40.2) 0.337 12 (52.2) 13 (56.5) 1.000

Unstable angina (CCS 3-4) 11 (40.7) 2,850 (49.2) 0.442 10 (43.5) 9 (39.1) 1.000

Severe Activity Limitation (NYHA III/IV) 13 (50) 3,244 (56) 0.555 12 (52.2) 11 (47.8) 1.000

COPD 4 (14.3) 454 (7.8) 0.276 3 (13) 5 (21.7) 0.699

Congestive heart failure 5 (17.9) 440 (7.6) 0.06 4 (17.4) 4 (17.4) 1.000
Arrhythmia 9 (32.1) 646 (11.1) 0.003 6 (26.1) 5 (21.7) 1.000

Abbreviations: RARAY, radial artery, radial artery Y graft; TAR, total arterial revascularisation; CAD, coronary artery disease; CCS, Canadian Cardiovascular

Score; NYHA, New York Heart Association classification; COPD, chronic obstructive pulmonary disease; TAR, total arterial revascularisation.

Table 3 Propensity score matched patients RARAY versus LIMA1SVG (n=20 pairs).

Variables Unmatched Matched

RARAY
(n=28)

LIMA1SVG
(n=534)

P-value RARAY
(n=20)

LIMA1SVG
(n=20)

P-value

Number of grafts 4.161.2 3.160.9 ,0.001 3.460.8 3.860.9 0.193

Male (%) 22 (78.6) 414 (77.5) 1 14 (70) 15 (75) 1.000

Age (yr) 70.769.8 70.269.5 0.803 67.3611.4 72.269.4 0.145
,50 0 23 (4.3) 2 (10) 0 (0)

50-69.99 13 (46.4) 196 (36.7) 11 (55) 9 (45)

70-79.99 10 (35.7) 255 (47.8) 5 (25) 6 (30)

.80 5 (17.9) 60 (11.2) 2 (10) 5 (25)

Preoperative outcomes

Current smoker 6 (21.4) 27 (5.1) 0.004 3 (15) 2 (10) 1.000

Family history CAD 5 (17.9) 192 (36) 0.066 5 (25) 4 (20) 1.000

Diabetes 12 (42.9) 99 (18.5) 0.005 8 (40) 7 (35) 1.000
Hypercholesterolaemia 15 (53.6) 315 (59) 0.558 9 (45) 9 (45) 1.000

Hypertension 24 (85.7) 338 (63.3) 0.024 13 (65) 16 (80) 0.48

Obesity 9 (32.1) 106 (19.9) 0.154 7 (35) 6 (30) 1.000

Myocardial infarction 14 (50) 267 (50) 1 9 (45) 11 (55) 0.752

Unstable angina (CCS 3-4) 11 (40.7) 306 (57.3) 0.109 5 (25) 8 (40) 0.501

Severe Activity Limitation (NYHA III/IV) 13 (50) 347 (65) 0.139 9 (45) 11 (55) 0.752

COPD 4 (14.3) 64 (12) 0.765 4 (20) 3 (15) 1.000

Congestive heart failure 5 (17.9) 70 (13.1) 0.567 4 (20) 4 (20) 1.000
Arrhythmia 9 (32.1) 119 (22.3) 0.251 9 (45) 6 (30) 0.514

Abbreviations: RARAY, radial artery, radial artery Y graft; LIMA1SVG, left internal mammary artery with supplemental saphenous vein grafts; CAD, coronary

artery disease; CCS, Canadian Cardiovascular Score; NYHA, New York Heart Association classification; COPD, chronic obstructive pulmonary disease.
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The primary purpose of this report was to describe the
operative technique and further studies are warranted.
Conclusion
A technique is described achieving three coronary territory
total arterial revascularisations with two radial arteries as a Y
graft without use of the left internal mammary artery.
Conflicts of Interest
There are no conflicts of interest to disclose.
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