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Background. Total arterial coronary revascularization
for three coronary territory disease can be achieved with a
second arterial conduit joined to the left internal mam-
mary artery as a Y graft, by using either a radial artery
(RAY) or a second mammary artery (BIMAY).

Methods. Patients undergoing total arterial revascu-
larization for three coronary territory disease were
identified from two cardiac surgical databases (in Sydney
and Melbourne, Australia) using Society of Thoracic
Surgeons–based definitions. BIMAY-treated patients
underwent surgery between 1994 and 2009, mostly
using an age-limited protocol, whereas RAY-treated
patients underwent surgery between 1996 and 2003
without age limits. All-cause mortality data were
acquired from the national death registry, and
survival was estimated by the Kaplan-Meier method.
Propensity score matching was performed using 13 vari-
ables. Given the age imbalance between the groups,
the primary comparison was performed for age 66 years
or younger.
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Results. Overall, 1896 patients underwent RAY pro-
cedures, and 720 patients underwent BIMAY operations.
Older age at surgery was the strongest independent pre-
dictor of mortality, with a hazard ratio of 2.06, and a 95%
confidence interval of 1.93, 2.22 (P < .001). After pro-
pensity score matching, we identified 299 pairs of patients
66 years of age or younger with no preoperative or
operative differences and similar ages at surgery: RAY
56.4 ± 7.0 years of age vs BIMAY 56.4 ± 6.8 years of age
(P [ .96). The RAY group had 4.0 ± 0.9 grafts, and the
BIMAY group had 3.9 ± 0.9 grafts (P [ .814). All-cause
mortality was not different, with the proportion surviv-
ing at 15 years at 74.9% for the RAY group vs 76.2% for
the BIMAY group (P [ .211).
Conclusions. Survival was not different between the

RAY and BIMAY groups for total arterial revasculariza-
tion of three coronary territory bypass grafting.

(Ann Thorac Surg 2021;111:1945-53)
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otal arterial revascularization (TAR) for coronary ar-
Ttery bypass grafting (CABG) may be associated with
significantly increased survival compared with the
saphenous vein graft.1 TAR, however, frequently involves
the use of radial artery (RA) grafts.

Despite supportive evidence,2,3 however, controversy
remains regarding the use of RA grafts. Such controversy
relates to perceived rates of failure, technical difficulty,
and risk of conduit spasm, for which vasodilators are
commonly prescribed, possibly causing iatrogenic hypo-
tension. Thus, the RA is used in North America only in
approximately 5% of CABG operations.4

If TAR is performed, it may be completed using a
Y-grafting configuration. The two Y-graft configurations
most commonly used are RAY, a composite graft using
the left internal mammary artery (LIMA) and RA, and
BIMAY, a composite graft with the LIMA and free right
internal mammary artery (FRIMA) (Figure 1). To achieve
three coronary territory disease (TVD) revascularization,
the LIMA is used to revascularize the left anterior
descending coronary artery territory, and the second
conduit is used to revascularize the circumflex and right
coronary artery territories. Late angiographic findings
are of patent grafts with no lumen irregularity, a finding
suggesting that ongoing long-term patency would be
expected, and both techniques appear similar (Figure 2).
Medium-term postoperative survival for RAY appears
equivalent to TAR achieved by alternative grafting
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Abbreviations and Acronyms

BIMAY = bilateral internal mammary artery Y
graft

CABG = coronary artery bypass grafting
FRIMA = free right internal mammary artery
LIMA = left internal mammary artery
RA = radial artery
RAY = radial artery Y graft
TAR = total arterial revascularization
TVD = three coronary territory disease
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strategies.4 However, long-term outcomes of RAY
compared with BIMAY remain unknown. Accordingly, we
aimed to compare long-term survival for the two Y-graft
operations inmatchedcohorts.
Patients and Methods

The Human Research and Ethics Committee for Mel-
bourne Health in Melbourne, Australia and the West-
mead Hospital Human Research Ethics Committee in
Sydney, Australia approved the study. The technique of Y
grafting was different in the two geographic study loca-
tions (Sydney and Melbourne), with important differ-
ences in patient selection according to age. No patient
received additional grafts. Thus, a propensity score match
was implemented to minimize –center-specific
confounding.

In Sydney, from December 1994 to February 2009,
patients underwent TAR using the BIMAY operation
under the care of a single surgeon, with most patients
Figure 1. Left internal mammary artery and radial artery Y graft
and bilateral internal mammary Y graft reconstruction. (FRIMA, free
right internal mammary artery; Y graft, composite join; LAD, left
anterior descending artery; LIMA, left internal mammary artery; OM,
obtuse marginal artery; PDA, posterior descending artery; RA, radial
artery.)
selected according to a standard inclusion protocol,5

selecting TVD, left ventricular ejection fraction 50% or
greater, and age 66 years or younger (amended in 2001
to age younger than 70 years). However, some non-
protocol patients were also included and comprised
23% of the overall group. In Melbourne, from 1996 to
2003, patients underwent TAR using the RAY operation
by multiple surgeons without specific inclusion or
exclusion criteria. This cohort had previously been
examined for TAR and had existing national death in-
dex linkage. In both sites, a standardized operative
approach and cardiopulmonary bypass with intermit-
tent tepid blood cardioplegia were used. In both cen-
ters, the intention when using these techniques was to
provide TAR with two arterial conduits in a Y
configuration.
In Melbourne, at the Royal Melbourne Hospital, the

RA was harvested using electrocautery, with an open
technique and injected with intraluminal 1% papaverine.
The Y graft was constructed before commencement of
cardiopulmonary bypass. The left anterior descending
coronary artery territory grafting was performed before
the circumflex, and finally, the right coronary artery ter-
ritory was revascularized as previously described.6 Most
patients received intraoperative short-term vasoconstric-
tors such as norepinephrine, and approximately 40%
received vasoconstrictors in the intensive care unit. At
discharge, there was variable use of systemic oral calcium
channel antagonists, and there are no data on post-
discharge compliance or duration of use. In Sydney, the
FRIMA was harvested first and given to the assistant for
preparation with insertion of a proximal cannula so that
the runoff through each anastomosis could be assessed.
The first coronary anastomosis was performed with the
distal end of the FRIMA, usually to the right coronary
system, followed by sequential perpendicular anastomo-
ses to the circumflex branches. Next, the Y anastomosis
was performed end to side to the LIMA as cephalad as
convenient. Finally, the left anterior descending coronary
artery territory was revascularized with the LIMA. Only
topical papaverine was used immediately on completion
of the conduit harvest, and no systemic vasodilators
were used for conduit maintenance. In the study time
frame, for both groups, it was usual to graft coronary
targets of greater than 50% stenosis according to surgeon
preference by using visual assessment of the coronary
angiogram.
Both data sets were acquired prospectively in cardiac

surgery databases, not hospital or state administrative
databases. All-cause mortality was measured indepen-
dently by the national death registry, an administrative
database, from the Australian Institute of Health and
Welfare. Data linkage was performed in June 2017 for
RAY and in June 2019 for BIMAY. Data definitions for
both databases were consistent with those of the Soci-
ety of Thoracic Surgeons cardiac surgical database
(Supplemental Table 1). Patient names and birth dates
were cross matched against the national death register.
The overall number of CABG-treated patients was
known for both data sets (Figure 3).



Figure 2. Postoperative
left internal mammary ar-
tery and radial artery Y
graft and bilateral internal
mammary Y graft angio-
grams, both at 18 years
postoperatively. (A) and
(C) Left internal mammary
artery and radial artery Y
graft operation. (B) and (D)
Bilateral internal mam-
mary Y graft operation.
Both studies revealed
normal conduits supplying
all three coronary terri-
tories. (FRIMA, free right
internal mammary artery;
LAD, left anterior
descending artery; LIMA,
left internal mammary ar-
tery; M, marginal artery;
PDA, posterior descending
artery; RA, radial artery.)
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Methods to Account for Selection Bias
To account for extent of disease, only patients under-
going TVD were included (Figure 3). The time frame for
BIMAY was 15 years and for RAY was 8 years, entirely
overlapping with the BIMAY experience; and there were
no changes to the operative or perioperative manage-
ment techniques of BIMAY or RAY. To account for
potential changes to outcome over the study time frame,
the data were divided into two groups before or after
the calendar year 2000. Postoperative medications did
not vary significantly over this study time; with both
cohorts routinely prescribed standard lipid-lowering
medications on discharge from 1997. Additionally,
the duration of postoperative follow-up was longer for
the BIMAY cohort, with a smaller proportion of pa-
tients in the RAY beyond 15 years postoperatively.
Therefore, we censored the follow-up period at 15
years postoperatively. Additional sensitivity analyses
were performed, which included all unmatched
comparisons, all duration time points postoperatively,
all ages, and restriction to left ventricular ejection
fraction of 50% or greater (see Supplemental Material,
Supplemental Figures 1 to 13, and Supplemental Tables 2
to 6). There was a large variance in age between the
groups because of the age limitation of the Sydney
protocol (Supplemental Figure 1). Consequently, we
performed two propensity score–matched analyses
including of age restricted to patients 66 years of age or
younger (primary analysis) and all ages at the time of
surgery (secondary analysis).

Statistical Analysis
Continuous variables are shown as mean � SD, and
categoric variables are expressed as n (%). Group com-
parisons for categoric data were performed with the
Fisher exact test and an independent samples t test for
continuous data. Survival analysis of the matched study
populations was undertaken using Kaplan-Meier survival
estimates and log-rank comparisons. Mortality risk fac-
tors were analyzed with multiple Cox proportional haz-
ards regression (Supplemental Figures 2, 4, 7, 10 and 12
and Supplemental Tables 2 and 3).
Patients from each of the protocolized data sets were

propensity score matched. They were randomly matched
from both groups with a 1:1 ratio on the basis of their
propensity score and a caliper of 0.1 of the SDs of the logit
of the propensity score. The binary treatment indicator
was TAR using either BIMAY or RAY, with matching on
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Figure 3. Participant flow chart. (BIMAY, bilateral internal mammary artery Y graft; CABG, coronary artery bypass grafting; RAY, radial artery
Y graft; SVG, saphenous vein graft; TAR, total arterial revascularization; TVD, three coronary territory disease grafting.)
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the basis of 13 covariates (Supplemental Table 1),
included in the baseline characteristics. Standardized
mean differences were calculated before and after pro-
pensity score matching. The two-tailed significance for all
analyses was set at P < .05, and SPSS Statistics for Win-
dows software version 25.0 (IBM Corp, Armonk, NY) was
used.
Table 1. Duration of Survival According to Age Category for
Combined Groups (Years)

Age n Mean

95% CI

MedianLower Upper

<50 257 21.9 21.2 22.6 .

50-54 293 21.1 20.3 21.9 .

55-59 376 19.6 18.8 20.3 22.4
60-64 481 18.1 17.4 18.8 22.4
65-69 420 16.1 15.3 16.9 16.3
70-74 396 12.8 12.2 13.5 13.3
75-79 261 10.7 9.9 11.5 10.0
�80 132 8.3 7.3 9.2 7.9
Overall 2616 16.9 16.6 17.2 18.3

CI, confidence interval.
Results

The Royal Melbourne Hospital cohort of CABG covered
the period from 1996 to 2003 and had 8242 patients, 6142
of whom underwent TAR (75%). There were 7644 primary
isolated CABG operations, and 2874 RAY-treated pa-
tients, who all underwent TAR. After excluding 978 pa-
tients not undergoing TVD grafting, the final RAY study
cohort was 1896 patients, representing 23% of all CABG
procedures (Figure 3). The Sydney cohort covered the
period from 1994 to 2009 and had 3068 patients, 1679 of
whom underwent TAR (55%). There were 2346 primary
isolated CABG operations, and 876 BIMAY-treated pa-
tients, who all underwent TAR. After excluding 153
patients not undergoing TVD grafting, the final BIMAY
study cohort was 720 patients, representing 23% of all
CABG procedures.
Cox analysis of the entire unmatched cohort at all du-

rations postoperatively and at all ages found that survival
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Figure 4. Effect of age at surgery on survival for the combined groups of left internal mammary artery and radial artery Y graft and bilateral
internal mammary Y graft with three coronary territory grafting.
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favored BIMAY (Supplemental Figure 2), with the stron-
gest predictor of mortality being older age at surgery,
with a hazard ratio (HR) of 1.07 (95% confidence interval
[CI], 1.06, 1.08; P < .001) and for every 10 years older, an
HR of 2.06 (95% CI 1.93, 2.22; P < .001). The median
survival for a patient 55 to 59 years of age at surgery was
22.4 years, whereas the median survival for a patient 80
years of age was 7.8 years (Table 1 and Figure 4). Other
predictors of mortality are listed in Supplemental Table 2.

Consequently, propensity score matching was per-
formed, but including all ages (n ¼ 365 pairs) (sec-
ondary analysis) (Table 2), with good age matching
(Supplemental Figure 3). A Cox proportional hazards
analysis was performed in the propensity score–
matched cohort, including all ages and all durations
of follow-up, and no significant difference was
observed (HR, 0.86; 95% CI, 0.67, 1.10; P ¼ .257)
(Supplemental Figure 4 and Supplemental Table 3).
Surgery performed early or late in the experience was
not significant (HR, 0.86; 95% CI, 0.65, 1.14; P ¼ .303).
Kaplan-Meier analysis found no survival difference
(P ¼ .257); with the proportion surviving at 15 years
being 70.2% for RAY and 73.5% for BIMAY (Figure 5).

The primary analysis involved propensity score match-
ing restricted to age 66 years or younger and censored at
15 years, thus yielding 299 pairs (Table 3). The RAY
group had 3.9 � 0.9 grafts, and the BIMAY group had
4.0 � 0.9 grafts, and age at surgery was not different
(RAY 56.4�7.0 years vs BIMAY 56.4 � 6.8 years; P ¼ .96)
(Supplemental Figure 6), and there were no other sig-
nificant differences between matched groups. Surgery
performed early or late in the experience was not sig-
nificant (HR, 0.93; 95% CI, 0.67, 1.30; P ¼ .684). Cox
proportional hazards was not significant (Supplemental
Figure 7), and predictors of mortality are listed
(Supplemental Table 4). Kaplan-Meier analysis found no
difference in survival (P ¼ .211), and the proportion
surviving at 15 years was 74.9% for RAY and 76.2% for
BIMAY (Figure 6).
As for sensitivity tests, additional analyses were per-

formed with (1) inclusion of all ages, (2) all durations
postoperatively, (3) ejection fraction restricted to 50% or
greater, or (4) a combination of these (Supplemental
Figures 1 to 13 and Supplemental Tables 2 to 6). All of
these analyses were consistent with the primary and
secondary analysis findings.
Comment

Key Findings
We compared the long-term outcome of patients under-
going CABG by TAR using Y grafting with either RA
(RAY) or bilateral internal mammary (BIMAY) conduits.
The key finding was that both Y-grafting strategies used
to achieve TAR achieved similar 15-year survival
(Figure 6).

Relationship With Previous Studies
Attainment of TAR with the fewest number of con-
duits to all three coronary territories can be achieved
with only two conduits joined together as a Y graft
(Figures 1 and 2). The RAY reduces operating time by
simultaneous harvesting of both arterial conduits,
compared with the sequential harvesting of BIMAs.7

Otherwise, the complexity of grafting using the
FRIMA or RA as a Y graft differs only in that the
FRIMA is smaller, shorter, and more delicate than the
RA. The forearm morbidity from RA harvest rarely
results in major morbidity or need for reoperation,7,8



Table 2. Left Internal Mammary Artery and Radial Artery Y Graft vs Bilateral Internal Mammary Artery Y Graft, Three Coronary
Territory Grafting, All Ages, Before and After Propensity Score Matching (Secondary Analysis)

Variable

Before Matching After Matching (13 Variables)

BIMAY
(n ¼ 720) (%)

RAY
(n ¼ 1896) (%) P

Std
Diff (%)

BIMAY
(n ¼ 365) (%)

RAY
(n ¼ 365) (%) P

Std
Diff (%)

Number of grafts (mean � SD) 4.2 � 1 . 3.4 � 1 . <.001 92.2 4.0 � 0.9 . 4.0 � 0.9 . >.999 .0
Male sex 638 88.6 1449 76.4 <.001 �32.5 320 87.7 321 87.9 >.999 .8
Age at surgery (mean � SD), y 57.3 � 7.8 66.2 � 10.2 <.001 �98.6 59.2 � 7.7 58.7 � 8.7 .451 5.6
Age category, ya

�80 3 0.4 129 6.8 . . 3 0.8 3 0.8 . .

70-79 14 1.8 643 33.9 . . 14 3.8 11 3.0 . .

50-69 576 80.0 994 52.4 . . 299 81.9 297 81.4 . .

<50 127 17.6 130 6.9 . . 49 13.4 54 14.8 . .

Hypertension 333 46.5 1299 68.5 <.001 �46.2 202 55.3 209 57.3 .654 �3.9
Missing 2 0.2 8 0.4 . . 0 0.0 0 0.0 . .

Hypercholesterolemia 337 46.8 1424 75.1 <.001 �60.5 239 65.5 251 68.8 .386 �7.0
Missing 2 0.3 8 0.4 . . 0 0.0 0 0.0 . .

Diabetes 172 23.9 377 19.9 .032 7.5 79 21.6 77 21.1 .928 1.3
Missing 0 0.0 8 0.4 . . 0 0.0 0 0.0 . .

Myocardial infarction 244 33.9 858 45.3 <.001 �25.1 150 41.1 142 38.9 .597 4.5
Missing 0 0.0 9 0.5 . . 0 0.0 0 0.0 . .

Peripheral vascular disease 23 3.2 119 6.3 .001 �20.4 11 3.0 12 3.3 >.999 �1.6
Missing 0 0.0 20 1.1 . . 0 0.0 0 0.0 . .

Unstable angina (CCS IV) 212 29.4 494 26.1 .115 2.8 97 26.6 97 26.6 >.999 0.0
Missing 0 0.0 20 1.1 . . 0 0.0 0 0.0 . .

Severe activity limitation
(NYHA IV)

269 37.4 519 27.4 <.001 16.4 110 30.1 107 29.3 .871 1.8

Missing 0 0.0 20 1.1 . . 0 0.0 0 0.0 . .

Cardiac obstructive
pulmonary disease

26 3.6 149 7.9 <.001 �20.8 17 4.7 17 4.7 >.999 0.0

Missing 0 0.0 9 0.5 . . 0 0.0 0 0.0 . .

Left main stenosis >50% 75 10.4 341 18.0 <.001 �28.1 42 11.5 51 14.0 .375 �7.4
Missing 0 0.0 30 1.6 . . 0 0.0 0 0.0 . .

Ejection fraction <50% 59 8.2 304 16.0 <.001 �103.6 40 11.0 39 10.7 >.999 �0.9
Missing 0 0.0 569 30.0 . . 0 0.0 1 0.3 . .

aAge category displayed for information with continuous variable age used for propensity score matching.

Missing data listed in italics for ease of viewing.

BIMAY, bilateral internal mammary artery Y graft; CCS, Canadian cardiovascular score; NYHA, New York Heart Association (functional class); RAY, left
internal mammary artery and radial artery Y graft; Std Diff, standardized difference.
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but there are some concerns about RA9 and durability.
Finally, there is concern about the perceived need for
perioperative vasodilators, which may cause hypo-
tension end-organ hypoperfusion.10 It remains com-
mon for surgeons to use vasodilators intraoperatively,
perioperatively, and long-term postoperatively when
using the RA, despite limited evidence supporting this
practice.9,11 Such use of vasodilators is a significant
deterrent for some surgeons, and the observance of
this practice may require the use of intraoperative and
perioperative vasoconstrictors, another source of
concern to surgeons. These issues have likely
contributed to the limited uptake of RA grafting
worldwide. Conversely, there is concern about a
greater risk of deep sternal wound infection with the
use of a second internal mammary artery.12,13 There-
fore, the equivalence of long-tern survival between
BIMAY-treated and RAY-treated patients is an
important consideration in conduit selection for
CABG.
The adequacy of a single inflow conduit for three

territory revascularization is a concern for both tech-
niques. However, such concern is considered resolved
by the demonstration of a conduit reserve greater than
2.0 in multiple studies,14-18 as well as by demonstra-
tion of equivalent late survival relative to TAR with
multiple conduits.4 The long-term survival for this
RAY cohort was superior to that reported in the
literature for LIMA with supplementary saphenous
vein grafts, and it was equivalent to TAR achieved by



Figure 5. Kaplan-Meier (KM) survival,
propensity score�matched patients with left
internal mammary artery and radial artery Y
graft (RAY) vs bilateral internal mammary Y
graft (BIMAY), all ages included, with three
coronary territory grafting, censored at 15
years postoperatively (n ¼ 365 pairs) (sec-
ondary analysis).
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use of non-RAY techniques usually involving three
arterial conduits.4,19
Techniques Used to Account for Selection Bias
The propensity score matching ensured an even distribu-
tion of preoperative medical conditions (Tables 1 and 2).
To account for the extent of coronary disease, we selected
only patients undergoing grafts to all three coronary ter-
ritories (Figure 3). Because age at the time of surgery is the
most powerful predictor of longevity of survival (with both
groups undergoing TAR), matching the age for RAY with
that of BIMAY was performed for a valid comparison
(Figure 4). The RAY experience of 1996 to 2003 was
entirely within the BIMAY experience of 1994 to 2009.
The volume of RAY was also greater than for BIMAY
at any time point; therefore, most patients were
contemporaneous. Additionally, there were no
changes to the operative techniques of either
operation during the study time frame. Further, there
was no difference in survival before or after the year
2000; therefore, we consider that there was no time
bias. Because the BIMAY commenced before RAY,
the maximum duration of follow-up was longer
for BIMAY, and hence the analysis was censored
at 15 years postoperatively to maintain similar
numbers at risk between the groups (Figures 5 and 6).
Given the age differences between the two cohorts
(Supplemental Figure 1), age-restricted crude survival
analysis was performed for patients 66 years of age
and younger. Additionally, sensitivity analyses were
performed to examine influences of full follow-up
duration, all age groups, and restriction of ejection
fraction to 50% or greater; and all analyses were
consistent with the primary and secondary analysis,
thus suggesting that these analyses are robust.
Study Implications
Our findings suggest that survival after RAY and BIMAY
was not different and was similar to that reported after
other techniques that achieve TAR.4,19 Angiographic ex-
amples of both RAY and BIMAY at 18 years post-
operatively revealed a remarkably similar appearance;
with patent grafts that exhibited no lumen irregularity
and hence were difficult to distinguish from each other
(Figure 2, Supplemental Figures 14 and 15).
Strengths and Limitations
The study design is a database analysis from two
similar but separate geographic localities and cannot
account for all patient or technique selection biases.
However, propensity score matching was able to create
extremely similar cohorts (Tables 1 and 2), and the
health care system in Australia is uniform, so that
overall standards of care are similar in Sydney and
Melbourne. A strength of the study is the use of the
national death registry providing independent mortal-
ity data of equivalent accuracy for both sites, thus
minimizing ascertainment bias.
This series had a large sample size for a direct com-

parison between techniques, and there was close pro-
pensity score matching of the groups. There was a large
difference in age selection (Figure 4), and age at surgery
was the key confounder for survival (Supplemental
Figure 1). Of note was that with the secondary analysis
(all ages) (Figure 5) there remained no significant differ-
ence in survival between groups, a finding further sug-
gesting that a type II error is unlikely.
The technical reproducibility of our findings outside

the study centers is untested. However, RAY was prac-
ticed by multiple surgeons and without protocolized se-
lection criteria. Accordingly, it may be generalizable to



Table 3. Left Internal Mammary Artery and Radial Artery Y Graft vs Bilateral Internal Mammary Artery Y Graft, Three Coronary Territory Grafting, Age 66 Years or Younger,
Before and After Propensity Score Matching (Primary Analysis)

Variable

Before Matching After Matching (13 Variables)

BIMAY
(n ¼ 654) (%)

RAY
(n ¼ 849) (%) P Std Diff (%)

BIMAY
(n ¼ 299) (%)`

RAY
(n ¼ 299) (%) P Std Diff (%)

Number of grafts (mean� SD) 4.2 � 1 3.4 � 1 <.001 83.1 4.0 � 0.9 3.9 � 0.9 .814 1.9
Male sex 583 89.1 725 85.4 .036 �11.3 269 90.0 262 87.6 .437 �7.4
Age at surgery (mean � SD), y 56.0 � 6.9 57.0 � 6.7 .008 �13.8 56.4 � 6.8 56.4 � 7.0 .959 0.4
Age category, ya

60-66 234 35.8 343 40.4 . . 112 37.5 111 37.1 . .

50-59 293 44.8 376 44.3 . . 139 46.5 134 44.8 . .

<50 127 19.4 130 15.3 . . 48 16.1 54 18.1 . .

Hypertension 294 45.0 527 62.1 <.001 �35.0 171 57.2 174 58.2 .869 �2.0
Missing 2 0.3 4 0.5 . . 0 0.0 0 0.0 . .

Hypercholesterolemia 310 47.4 666 78.4 <.001 �67.7 213 71.2 215 71.9 .928 �1.5
Missing 2 0.3 4 0.5 . . 0 0.0 0 0.0 . ..

Diabetes 155 23.9 184 21.7 .364 2.5 64 21.4 63 21.1 >.999 0.8
Missing 0 0.0 4 0.5 . . 0 0.0 0 0.0 . .

Myocardial infarction 227 34.7 395 46.5 <.001 �25.9 112 37.5 119 39.8 .614 �4.8
Missing 0 0.0 4 0.5 . . 0 0.0 0 0.0 . .

Peripheral vascular disease 20 3.1 30 3.5 .664 �10.6 6 2.0 4 1.2 .752 5.2
Missing 0 0.0 8 0.9 . . 0 0.0 0 0.0 . .

Unstable angina (CCS IV) 196 30.0 198 23.3 .005 10.4 73 24.4 75 25.1 .925 �1.5
Missing 0 0.0 8 0.9 . . 0 0.0 0 0.0 . .

Severe activity limitation (NYHA IV) 242 37.0 209 24.6 <.001 22.2 79 26.4 81 27.1 .926 �1.5
Missing 0 0.0 8 0.9 . . 0 0.0 0 0.0 . .

Chronic obstructive pulmonary disease 24 3.7 63 7.4 .002 �19.0 12 4.0 13 4.3 >.999 �1.7
Missing 0 0.0 4 0.5 0 0.0 0 0.0 . .

Left main stenosis >50% 66 10.1 137 16.1 <.001 �23.5 35 11.7 38 12.7 .803 �3.1
Missing 0 0.0 11 1.3 . . 0 0.0 0 0.0

Ejection fraction of <50% 59 9.0 118 13.9 <.001 �104.8 40 13.4 35 11.7 .622 5.0
Missing 0 0.0 278 32.7 . . 0 0.0 1 0.3 . .

aAge category displayed for information with continuous variable age used for propensity score matching.

Missing data listed in italics for ease of viewing.

BIMAY, bilateral internal mammary artery Y graft; CCS; Canadian cardiovascular score, NYHA, New York Heart Association (functional class); RAY, left internal mammary artery and radial artery Y graft; Std
Diff, standardized difference.
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Figure 6. Kaplan-Meier (KM) survival, left
internal mammary artery and radial artery Y
graft (RAY) vs bilateral internal mammary Y
graft (BIMAY), in propensity score�matched
patients 66 years of age or younger, with
three coronary territory grafting, and
censored at 15 years postoperatively (n ¼ 299
pairs) (primary analysis).
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practice outside of the study institution or region. Future
investigations focused on such secondary outcomes will
likely help guide surgeons in their selection of grafting
strategies.

Conclusion
In a study of TAR for three coronary territory disease in
two cohorts of propensity score–matched patients un-
dergoing primary CABG, we found no survival differ-
ences at 15 years between BIMAY and RAY operative
techniques, thus suggesting no difference between the
techniques. Future studies are needed to confirm these
findings.
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