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BACKGROUND: We compared early outcomes, at a single academic institution, of implementing full coronary revascularization
in coronary artery bypass grafting using multiarterial Y-composite grafts with multiple sequential anastomoses.

METHODS AND RESULTS: Clinical records of 425 consecutive patients who underwent coronary artery bypass grafting using
Y-grafting with left internal mammary artery and radial artery (Y-RA group) or right internal mammary artery (Y-RIMA group)
from 2015 to 2019, were reviewed. These were compared with the institutional experience of isolated coronary artery bypass
grafting cases (in situ on pump/off pump) for the same period of time. When comparing the 4 groups, the Y-RIMA/RA groups
revealed a higher number of distal anastomosis than the in situ on- or off-pump groups. When the number of distal arterial
anastomosis was analyzed, there was a superiority of using the Y-configuration compared with the in situ approach. Moreover,
there were no significant differences among groups for mortality and/or major adverse cardiac and cerebrovascular events in
hospital or at 30-day follow-up. A subanalysis comparing the Y-RIMA group with the Y-RA group showed that complementary
grafts to the Y-construct were required to accomplish full revascularization more frequently in the Y-RIMA group. Full-arterial
revascularization was achieved in 92.2% of the Y-RA group and 72.0% of the Y-RIMA group (P<0.001). In 82.8% of the Y-RA
group and 30.8% of the Y-RIMA group, revascularization was completed as an anaortic procedure (P<0.001).

CONCLUSIONS: The 2 types of arterial Y-composite grafting were able to be introduced in the routine practice of our institution
showing comparable results to the established institutional practice. This procedure allowed for more arterial distal anasto-
mosis to be performed safely without compromising outcomes.

Key Words: aorta nontouch technique m coronary artery bypass graft m multiarterial revascularization m radial artery
| right internal mammary artery m Y-graft

of mortality worldwide today." Surgical coronary re-

vascularization provides an excellent treatment for
this condition, resting on 2 fundamental principles: (1)
the ability to provide full revascularization of the coronary
tree with a single intervention, and (2) the ability to do so
with a very low associated morbidity and mortality.

COronary artery disease is one of the leading cause

For many decades, the standard of care in coro-
nary artery bypass grafting (CABG) has rested on the
performance of the left internal mammary artery (LIMA)
to left anterior descending artery anastomosis owing
to its proven long-term patency and associated long-
term survival.>® In most instances, this operation uses
complementary venous conduits to the LIMA graft.*®
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CLINICAL PERSPECTIVE

What Is New?

e This series presents the introduction, in a cardiac
surgery practice, of a complete coronary revas-
cularization strategy, over a 3-year period; all
arterial Y-composite grafts using the left internal
mammary artery in combination with radial artery
or right internal mammary artery were employed.

e This approach was compared with the institu-
tional experience of isolated coronary artery by-
pass grafting cases (in situ on pump/off pump)
for the same period, using a multivariate regres-
sion analysis.

e This strategy was demonstrated to be feasible,
safe, and with equivalent outcomes to conven-
tional coronary artery bypass grafting at the
same institution, while providing a significant
larger number of distal arterial anastomosis.

What Are the Clinical Implications?

e The composite arterial grafting with left internal
mammary artery-right internal mammary ar-
tery/left internal mammary artery in combina-
tion with radial artery Y-graft allows for a better
reach to all parts of the coronary anatomy when
compared with in situ arterial grafts.

e This technique avoids the manipulation of the
ascending aorta (nontouch technique) or the
use of any additional complementary grafts in
many cases, making it applicable to patients
with significant risk of a stroke due to ascending
aortic pathology.

e The radial artery as a Y-limb of the left internal
mammary artery seems to be associated in this
series with a higher number of distal anastomo-
sis when compared with the right internal mam-
mary artery with comparable outcomes.

Nonstandard Abbreviations and Acronyms

LIMA  left internal mammary artery
RA radial artery
RIMA  right internal mammary artery

Multiple reports have evaluated the impact of arterial
grafts in addition to the LIMA demonstrating a significant
impact not only on the patency but also on the mid- and
long-term survival.®” The incremental addition of arterial
conduits has not been associated with increased mor-
tality or major complications postoperatively.®

The right internal mammary artery (RIMA) and radial
artery (RA) have been the most often used complemen-
tary grafts to the LIMA with excellent reported results.®
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One of the configurations to optimize conduit use is the
Y-graft that has demonstrated its ability to lengthen the
reach of the complementary conduits by anastomosing
them to the LIMA.'® The Y-configuration seems to be
safely reproducible and reliable in providing adequate
flow to the different territories that are revascularized."
Another strategy to exploit arterial conduits arises from
constructing as many anastomoses as possible with
such conduits, using the multiple sequential technique.
When compared with single distal anastomosis, multi-
ple sequential anastomoses, in general, provide a better
runoff to each graft conduit increasing patency rates.'>'3

Over the past decade, the results for CABG have
continuously improved, providing excellent results with
very low morbidity and mortality as demonstrated in
the annual Society of Thoracic Surgeons (STS) da-
tabase report." This low mortality rate has remained
steady despite the increasing complexity and burden
of comorbidities among patients referred for CABG."®
The diversification of approaches and platforms, to
more safely complete the operation, may have also
played a role (eg, off pump versus on pump for patient
with prohibitive risks for the routine CABG operation).'®

The aim of this study is to describe the early outcomes
after the implementation of full coronary revasculariza-
tion using multiarterial Y-composite grafts over a 3-year
period. These outcomes were compared with a similar
group of patients selected from the consecutive series
of all patients who underwent isolated CABG, during this
period of time, at the same academic institution.

METHODS

All data and supporting materials have been provided
with the published article. The requirement for sub-
jects to give informed consent form was waived by the
Institutional Review Board.

Patients

Upon obtaining approval from the ethics committee
and the review board (application number 20160370-
01H), we conducted a retrospective study in which we
identified 425 patients who underwent elective or ur-
gent CABG using the Y-graft configuration with 2 differ-
ent complementary conduits. The first group included
204 consecutive patients who underwent CABG using
LIMA-RA Y-grafting in the Division of Cardiac Surgery
at the University of Ottawa Heart Institute between
2015 and 2019 (Y-RA group). In the second group,
we identified and reviewed the medical records of 221
patients who underwent CABG with LIMA-RIMA Y-
grafting during the same study period (Y-RIMA group).
The exclusion criteria included emergent cases and
nonisolated CABG cases. These 425 patients were
taken from a consecutive series of 3483 patients who
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underwent isolated CABG in the Division of Cardiac
Surgery at the University of Ottawa Heart Institute
between 2015 and 2019. To construct comparison
groups from the consecutive series patients, we used
elective/urgent status, pump status, use of 2 or more
grafts, and age <70 years to identify 2 comparison
groups (in situ off pump N=334 and in situ on pump
n=1235) from the remaining 3058 patients (Figure 1).
Our goal was to minimize bias as much as possible by
selecting patients who would be comparable to the Y-
RIMA and Y-RA groups. To evaluate the comparability

Implementation of Y-Composite Revascularization

of the 4 groups that were generated (Figure 1), we used
the STS predicted risks of morbidity and mortality. We
hypothesized that nonsignificant findings comparing
those 2 STS risk probabilities among the groups would
indicate that the groups would likely have similar risk
for mortality and complications following the surgery
and thus could be fairly compared on these outcomes.

Operative Procedure

The LIMA and RIMA were harvested as skeletonized
grafts when Y-grafting was considered. When the

Total number of IsoCAB patients between 2015 and 2019
n= 3483
\
[ |
Sequential Arterial Y-graft cases Remaining cases
n=425 n= 3058
\

[ \

In-situ In-situ
Off-pump On-pump

n= 808 n=2250
79 Surgery status 220

non-Emergent
cases
n=729 n=2030
-159 2 or more grafts 98
single single
n=570 n=1932
-236>70) Age <=70 697570
v v
Y-RA Y-RIMA In-situ In-situ
group group off-pump on-pump
n=204 n=221 n=334 n= 1235
Figure 1. Flow chart for selecting comparison group from 3058 consecutive patients (3483

IsoCAB- 425 study group).

Y-RA indicates Y-grafting with left internal mammary artery and radial artery; and Y-RIMA, Y-grafting
with right internal mammary artery; IsoCAB: Isolated Coronary Artery Bypass Grafting; RA: Radial Artery;

RIMA: Right Internal Mammary Artery.
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Y-graft was not used, in most instances the grafts were
used as pedicled grafts. The RA was harvested from
the nondominant arm, as a pedicled graft conduit pre-
serving the satellite veins, by means of open approach
(32%) or endoscopic harvesting (68%). A prospective
randomized trial looking at differences in harvesting
techniques of the RA using either an endoscopic or
open approach revealed no negative impact on RA
harvest time, length of harvested RA, RA quality, rate of
complications, or differences in wound healing among
the 2 groups.'” The LIMA, as a main trunk for the Y-
graft, was always grafted to the left anterior descending
artery accompanied by occasional sequential anasto-
mosis to the diagonal branch, whereas RIMA or RA
used as the free limb of Y-graft were anastomosed to
the circumflex and/or right coronary artery territories.
The choice of graft conduits and platform (on pump/
off pump) were based on the surgeon’s preference. It
is typical practice at our center to avoid the use of bilat-
eral internal mammary arteries in patients with morbid
obesity (body mass index >35), poorly controlled dia-
betes mellitus (hemoglobin Alc >9), or severe chronic
obstructive pulmonary disease. Complementary con-
duits are used at the surgeon’s discretion when either
the length of the graft was not sufficient to reach the
desired coronary target or when the degree of stenosis
of the last distal target to the Y-limb was below 80%. In
most patients, dual antiplatelet therapy was prescribed
postoperatively for at least 1 year, and amlodipine was
used for all patients who received a radial artery graft,
also for a duration of 6 months to a year.

Statistical Analysis

All patient clinical characteristics, risk factor history,
laboratory values, and postoperative complications
were coded using the standard definitions provided by
the STS. The primary end points were early mortality
and freedom from major adverse cardiac and cerebro-
vascular events, which included death, myocardial in-
farction, and permanent stroke. Categorical variables
are presented as frequencies and percentages, and
continuous variables are expressed as the mean+SD.
Continuous variables were checked for normality
and the means of all 4 groups were compared using
ANOVA and for those found to be statistically signifi-
cant, an independent-sample Student t test was used
for pairwise comparisons. Continuous variables with
nonnormal distributions are reported as median and
analyzed using the Kruskal Wallis test. The ¥? test and
Fisher’s exact test were used for pairwise and group
comparisons of categorical variables. For all tables
comparing the 4 groups, a key (a through f) is pro-
vided with each table to indicate statistically significant
pairwise comparisons. A multivariate logistic regres-
sion analysis was used to determine the unique as-
sociation of variables to the major adverse cardiac and
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cerebrovascular events outcome. All reported P values
were 2-sided, and P<0.05 was considered statisti-
cally significant. All statistical analyses were performed
using JMP version 11.0 (SAS Institute Inc., Cary, NC)
and IBM/SPSS version 19.0 (IBM Corp., Armonk, NY).

RESULTS

Baseline Characteristics

The baseline characteristics of Y-RA group, Y-RIMA
group, in situ offpump group, and on-pump group
are shown in Table 1. The mean patient age was sig-
nificantly higher in the Y-RA group. There was no sta-
tistical difference in the percentage of female patients
between the Y-RIMA and Y-RA groups; however, the
percentage of female patients was higher in the in situ
groups (P=0.032). The STS morbidity and mortality
risk scores were not statistically different among the
4 groups, indicating that they had similar surgical risk
and validating our assertion that the groups could be
fairly compared.

Operative Outcomes
The distribution of distal anastomoses by conduit and
subanalysis of the 2 different Y-groups are summa-
rized in Tables 2 and 3. An overwhelming majority of
off pump was used in the Y-groups when compared
with the in situ groups. There was an increased num-
ber of total and arterial distal anastomosis in both
Y-groups when compared with the in situ groups
(Table 2). Fundamentally, the Y-RA construct achieves
the longest reach based on the average length of most
radial arteries and left mammary arteries, allowing the
operator to perform a higher number of sequential
anastomosis with these 2 grafts when used as a Y-
composite. Although the Y-RIMA group had a larger
number of distal anastomoses in total, the number of
anastomoses with the free limb of Y-graft was greater
in the Y-RA group. The intraoperative graft flow was
larger in the Y-RA group for both the main trunk and
free limb of the Y-graft. To achieve full revasculariza-
tion, complementary conduits were used in 15.2% in
the Y-RA group and 68.8% in the Y-RIMA group. We
analyzed the contribution of the complementary grafts
in each of these subgroups: in the Y-RA group, a seg-
ment of complementary arterial graft, including RA or
internal mammary arteries, was used in half of these
cases (15 out of 31 cases). In the Y-RIMA group, com-
plementary arterial conduits were added in more than
half of the cases (90 out of 152 cases). The remaining
complementary grafts were veins for both subgroups.
In 84.8% of the Y-RA group and 31.2% of the Y-RIMA
group, full revascularization was accomplished using
the Y-graft only without requiring complementary grafts
to reach all intended coronary targets. To ascertain the



Implementation of Y-Composite Revascularization

Gharibeh et al

'G0°0>d «

‘Aepre Arewiwew [euseiul 1yBL Yyum BuiyelB-A

‘VINIH-A Pue AieLe [eipel pue Asepe Arewwew [eussul o] yim BuijelB-A seledipul \H-A "SHOeM MM '81oAaS A8S "B1eIePOI POIN "SJedk A 9100s suosbing o10eloy] JO A18100S ‘S| S pue ‘Alsjie AJewiwew [eulal
WBU “WINIY ‘Alepie [elpel seyedlpul Y ‘dwind uo sA JJo nyis ul=4 ‘dund uo nys Ul SA WAIH=2 ‘dwnd }o nYis Ul SA YAIH=pP ‘dwnd uo nyis ul sA Y=o ‘dwind 40 NS Ul SA YH=0 ‘VINIY SA YH=€ :Ae¥ suosuedwod asimiied

¥61°0 %0k %60 %60 %L Aypicuow pejoipeid S1S
9510 %C'k %2’} %0'+ %P1 Ayrerow pejolpeid S1S
Jo'0 100> 0FFG'es 0FF2'SS OFFL'¥S 8F1'ag (%) uonoe.} uonoslg
(r'v8) eroL (9'89) 622 (€€l 2ok (G'92) 951 EST
y'pa 100'0> (9c1) e6l (F'1e) ok (8'52) 25 (c'e2) 8¥ om|.
(0o (0o (60°0) ¢ (0o auo
[pesessIp S|esSSaA
.a G200 (€'82) 0ge (9'ge) BLL (6'62) 29 (r've) 617 SUOUBAIBIUI OBIP.ED JOLd
G920 Ber) evs €y 8rk (G'1v) €6 (8'9¢) vL M g UIYIM Bn|ie) JeaH
1200 (r09) ev. @9 181 (L'29) 811 (299 eit uonOJBUI [e1pIeO0AW Jold
62%'0 (€'8) coL (06) o€ (879 et (oon oz osess|p [eusy
o'poe +£00°0 eoy L2k (921 ev (879 el (roL ee OSEOSIP JBINOSEAOIGSIOD
S0 (1) vyl (801 9¢ (re) le (G8) 2t osess|p [elope [esoyduied
2610 (G el v (00o (CRONN (nes/pouw) esessip Bun| oluoIyD
(8ce) 8Ly (9'62) 66 (0ee) v2 (8e€) 89 JoneN
2020 v 9rs (02v) 28 (c¢'vv) 66 (€19) eot Jawlio4
6'12) 122 (F81 82 (822 15 671 0e Jualny
Bujows
€900 (2v) 285 (©29) 281 (r8e) 98 ©'1v) v8 snijlew sejegeld
986°0 (9'v6) 8911 [CRADRCIES eve) Le (0ge) 161 elwepidisig
6.€0 (€'98) ¥S0k (9'¢8) 982 (€18) g8t (9'98) 7.1 uoisuanadAH
8.0 6917908 Z'8Fr'6C £v¥9'82 29786 2W/B xepul ssew Apog
9¥S5°0 20¥0C 20¥02 20%02 20702 W ‘Bale 80B}NS Apog
2'Pa «2€00 (281 Leg (c22) vL (ron ez @y 62 Xos s[ewa
yo'qe 100'0> 9'9¥/'19 9/%/°09 8'8¥9'09 967829 A ‘eby

uoleluasald [eaiul ) pue solydesbowaq jusied ‘L a|qel

J Am Heart Assoc. 2021;10:e020002. DOI: 10.1161/JAHA.120.020002



Gharibeh et al

Implementation of Y-Composite Revascularization

Table 2. Distribution of the Mean Number of Distal Anastomosis Among the Different Groups

Y-RIMA In Situ Off Pairwise
Y-RA group group Pump In Situ On Pump Comparisons

Variable n=204 (%) n=221 (%) n=334 (%) n=1235 (%) Overall P Value Significant
No. of total distal anastomosis 3.36+0.8 3.63+1.1 2.86+0.9 3.07+0.8 <0.0001 ab,cde,f
No. of distal 3.26+0.8 3.23+1.0 2.23+0.8 1.97+0.9 <0.0001 b,c,de,f
anastomosis-arteries
No. of distal anastomosis-vein 0.10+0.4 0.40+0.7 0.63+0.9 110+0.9 <0.0001 a,b,c,d,e,f
Off pump 191 (93.6) 200 (90.5) 334 (100) 0(0)

Pairwise comparisons key: a=RA vs RIMA, b=RA vs in situ off pump, c=RA vs in situ on pump, d=RIMA vs in situ off pump, e=RIMA vs in situ on pump, f=in
situ off vs on pump. RA indicates radial artery; and RIMA, right internal mammary artery. No. : Number, Y-RA indicates Y-grafting with left internal mammary
artery and radial artery; and Y-RIMA, Y-grafting with right internal mammary artery.

percentage of full arterial revascularization in this se-
ries, we took into consideration not only the arterial Y-
composite but also any complementary arterial graft
used to complete the full coronary revascularization.
Accordingly, we observed full arterial revascularization
rates of 92.2% in the Y-RA group and 72.0% in the Y-
RIMA group (P<0.001) (Table 3). In 82.8% of the Y-RA
group and 30.8% of the Y-RIMA group, revascularization
was completed as an anaortic procedure (aorta nontouch
procedure) using only the Y composite graft (P<0.001).
Of note, even though more arterial complementary grafts
were used in the Y-RIMA group, this fact did not over-
come the versatility of the radial being used to construct
a significant number of the distal arterial anastomosis.

Table 3. Operative Profiles for Y-Composite Groups: Y-RA
and Y-RIMA

Y-RIMA
Y-RA Group Group P
n=204 (%) n=221 (%) Value
Left ventricular dimension, mm
End diastolic 49.5+0.4 50.3+0.4 0.19
End systolic 32.8+0.6 33.6+0.6 0.28
Intraoperative graft flow, mL/min
Main trunk 90.4+3.6 75.6+3.5 <0.01
Free limb 48.3£2.4 38.7+2.3 <0.01
Number of distal anastomosis
Total/patient 3.36+0.8 3.63+1.1 0.008
With main trunk ( left 1.1+0.03 1.2+0.03 0.19
internal mammary
artery)/patient
With free limb of 2.1+0.05 1.5+0.05 <0.001
Y-graft/patient
Full-arterial 188 (92.2) 159 (72.0) <0.001
revascularization
Without complementary 173 (84.8) 69 (31.2)
grafts
With arterial 15 (7.4) 90 (40.7)
complementary grafts
Aorta nontouch 169 (82.8) 68 (30.8) <0.001
procedure

Y-RA indicates Y-grafting with left internal mammary artery and radial
artery; and Y-RIMA, Y-grafting with right internal mammary artery.

Postoperative Outcomes

Postoperative outcomes are summarized in Table 4.
This table demonstrates that there are no statistical dif-
ferences among the 4 different groups regarding mor-
tality, perioperative stroke, or postoperative myocardial
infarction. In addition, the use of bilateral mammaries
did not significantly alter the incidence of deep sternal
wound infection among all 4 groups. The only statisti-
cally significant difference was a higher rate of postop-
erative atrial fibrillation in the RA group compared with
the other 3 groups. In the analysis of major adverse
cardiac and cerebrovascular events using logistic re-
gression, there was no statistically significant differ-
ence between the 4 groups associated with the major
adverse cardiac and cerebrovascular events outcome
(P=0.494; Table 5).

DISCUSSION

The results we present here demonstrate the feasibil-
ity, safety, and short-term outcomes of introducing,
at a single large academic center, a new approach
to achieve an incremental adoption of a multiarterial
grafting strategy. This was achieved using a multi-
ple sequential anastomotic technique with 2 different
types of Y-composite constructs using either the radial
artery or the right internal mammary artery (Figure 2).
These results were compared with the established in-
stitutional practice for isolated CABG, during the same
period of time, to demonstrate the unbiased selection
of patient population.

Large series in the literature, and multiple reports,
have demonstrated a significant benefit of arterial con-
duits over the use of vein grafts in terms of graft patency
and long-term survival.'’®'® Moreover, the incremental
progressive addition of distal arterial anastomoses
in any given coronary revascularization procedure,
whether it is obtained by adding extra arterial conduits
or by optimizing the use of a single arterial graft, has
been associated with improved survival.?®2! The sur-
vival advantage driven by arterial conduits is reportedly
associated with the better patency that arterial grafts
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Gharibeh et al

<
=
" =
C = o
o O S el
wn o c
2.2 8 o @
= q =
s 25 < S
a ED2 8
O C
80) @
I
ko]
IS
g
1]
)
9
@
o
i)
=0
T S | © o|l-~|olo|lo|la|lo|lo|lo|o| £
] I~ |0| <
28 @ TN |N|@|o|la|a|v|ln|<] T
3 o o|o|oc|o|c|oc|oc|o|oc|o| -
a o
€
=}
a
5
w
>
= >
5 <
a ]
=}
Es S £
= © ~ F >
o — — —_ =~ =] ©| =~
o< o S| o|b|lo|o B o || £ 8
= ) © ) SIQ0Q || =5
co® & ciglo ||| 5T - E
N | o ~lp | ol o <t Nlgl|l 9 5 £
5 Flo 2R3 |J|o|F| 26
2 & Y ~| EE
(7= - 3£
]
£ S ¢
=2
2
25
£ 5
5 2
> c
< =
= B
= =
5% = _|= &2
Qs s sl sl T alglal =
o =
o|© |6 % || 9| =
6o | |dic|g|=|2 8o 2ol 5§
@ | O (V) — N
20| - Mlo|w|o N in o g lo 8] B
& < @ 2 ¢
=
= 5 =
2T
‘B >
c T
© &
>
<>
=2
ra
o I —
3~ o
03 — = _ g
£ 9 — = =] =] = =2 | =~| ™ 5
o= O So|e|x| g|-|q|2|g|g| gt
= | = Sl T|ol = o
N | = 220 2 2| S
SN | o v—mmvovgrvmﬁoa 2§
= &~ c
xc sz
> 2
® @
Eg
w
< £
<
T s
IE
- ©
g c
E g
o 3 E
. = ot
3°\° — ,\AAAACV)/-\LOAaw—H
M K= G|o|8| 6| 6|lq|Blo|l6 5%
23 |d |c|g|e|g|e|8|s|2|2|2 5
écﬁl < m|lo|o|~|~|lulo|8|~|2|FZE
L o 2 2%
* 22
> e
<%
TN
Q>
b))
» <§’:9
(] @
~ O
£ o=
o o c
[3) >.<T:
= <<
=] oC
o s
®
[} o >
> ©° c > O
= S 5 o|§|0o - 22
o c2|BlE|5|% |5 o| o
o S5/5lelglgs 2 25z
o 50| 8| c|2|Q|E| < = | O ¢ @
SplE|T|Z]2 0|8 Slo|c| 2
] S2I=|E|B|9|>|%|ole|®| | 5E
= o TS| S| S| 2 S| e1 35 = IS
7} © | © o | £ 0| = c| =2 Q
< o) S| & | &
o Q5| T ol | Q|| 2| ®|E [
o Col5| 2 B|S|2L|8|B|E|5| 6¢
o @l 5| Q == 2| = O —
> © X | Ol D | O | w=lT!I @ [}
o |5 2|S|S| 00|38 2 D =8| gl
: = | & 0 Elo|lo|l2|E|G|S5IEE| 2=
< Q| "5 E|w|D|C Q:U;_gag =9
() 8 oF|=|=|l=|l=|l=|l=|l=|6|S|2| 2C
3 2 B IEEEEEEEEE
2 S =82 L|&|a|l= | &g
= =

J Am Heart Assoc. 2021;10:e020002. DOI: 10.1161/JAHA.120.020002

Implementation of Y-Composite Revascularization

have demonstrated over saphenous veins, because of
the significant attrition rate that afflicts saphenous vein
conduits over time.?? The difference between venous
and arterial conduits lies in their anatomic and histo-
logic structures with significant implications in regards
to their function. When used as a graft for CABG, veins
undergo extensive remodeling to try to accommodate
for the high-pressure milieu that they are required to
sustain, leading to development of atherosclerosis.?
On the other hand, it is known that when arterial con-
duits are used, the progression of atherosclerosis on
the coronary beds, which are revascularized with ar-
teries, is significantly slower when compared with the
use of venous conduits.?*

The Y-grafting is one of the ways to accomplish fulll
revascularization using multiarterial grafts. One of the
potential disadvantages of this approach is the depen-
dence of the Y-construct on a single inflow; however,
the intraoperative Doppler readings showed sufficient
flow for both the main trunk and free limb of the Y-graft.
Multiple series have demonstrated the reproducibility
of this approach providing good flow dynamics to the
entire coronary tree.'®?® Conduit economy is another
significant advantage of this technique allowing the
operator to reach targets that will be very difficult to
reach, if not impossible, by using an in situ approach
or an aortocoronary configuration.?® In our study, we
observed a significant increase in the number of dis-
tal arterial anastomosis being performed when the Y-
composite grafting is used as compared with the in
situ approach (as demonstrated in Table 2).

In this study cohort, we used 2 different graft con-
duits as a Y-composite: RA and RIMA and demon-
strated that the Y-composite can be constructed with
any of these 2 arterial conduits safely. Comparison
with a series of consecutive patients from our institu-
tion, where in situ grafting was used, demonstrated no
statistical difference in short-term clinical outcomes for
any of the most common postoperative complications.
Reports from a 15-year follow-up study comparing the
use of the LIMA-RA Y-grafting approach to the stan-
dard in situ artery grafting strategy further showed no
difference in long-term outcomes or complications.?”28
In our series, the rate of deep sternal infection in gen-
eral was relatively low even when using the 2 internal
mammary arteries. Our results also revealed that com-
plementary grafts were used more often in the Y-RIMA
than in the Y-RA group to be able to complete full re-
vascularization (68.6% versus 15.2%). Meanwhile, full
arterial revascularization was higher in the Y-RA group
possibly because more distal anastomoses were con-
structed with the side limb of the Y-composite. In this
series, we also reported the percentages for full arte-
rial revascularization that were obtained by taking into
account the usage of any additional complementary
arterial graft to the Y-configuration.
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Table 5. Multivariate Logistic Regression With MACCE

Adjusted

Variable Odds Ratio 95% ClI P Value
Age 1.027 0.979-1.077 0.273
Female sex 1.404 0.600-3.285 0.435
Ejection fraction 0.991 0.961-1.022 0.558
Total grafts used 1127 0.756-1.681 0.556
Body surface area 1.421 0.324-6.226 0.641
Vessels diseased 0.784 0.338-1.819 0.571
Urgent vs elective 1.408 0.700-2.831 0.338
Smoking 1.309 0.557-3.074 0.536
Diabetes mellitus 1174 0.602-2.290 0.639
Dyslipidemia 1158 0.263-5.106 0.846
Hypertension 0.892 0.350-2.270 0.810
Peripheral artery 0.876 0.324-2.369 0.795
disease
On vs off pump 1.397 0.151-12.952 0.768
Cerebrovascular 1.880 0.811-4.359 0.141
disease
Prior cardiac 1160 0.569-2.283 0.668
intervention
Recent heart failure 0.701 0.354-1.380 0.307
Renal disease 0.528 0.121-2.319 0.399
Surgical group 0.494

Y-RA (ref)

Y-RIMA 0.541 0.091-3.204 0.499

In situ offpump 1.851 0.600-6.848 0.356

In situ on pump 0.976 0.104-9.168 0.983

The standard test for goodness of fit for a logistic regression model is
the Hosmer-Lemeshow statistic. For our MACCE model, the Hosmer-
Lemeshow value is x?=7.252 with df 8 and P value of 0.510. A nonsignificant
test (which is what we have) shows a good model fit. MACCE indicates major
adverse cardiac and cerebrovascular events; RA, radial artery; and RIMA,
right internal mammary artery. Y-RA indicates Y-grafting with left internal
mammary artery and radial artery; and Y-RIMA, Y-grafting with right internal
mammary artery

The use of sequential anastomoses is an essen-
tial technique to accomplish full multiarterial revascu-
larization given the limited availability of graft conduits.
Previous reports demonstrated the procedural safety
and durability of this technique and suggested the supe-
rior long-term outcomes when compared with conven-
tional single anastomosis.?*~%! The better performance
of sequential anastomoses has been linked in the liter-
ature to an increase runoff for each graft that is associ-
ated with increased patency rates than single grafts.'>'®
Our results show that more sequential anastomoses
were done with the radial Y-free limb. These findings
could be related to differences in the caliber and length
that clearly exist between the RIMA and the RA arteries,
making the radial artery a friendlier conduit to handle in
most patients. However, we do not have the necessary
data to make any further assumptions about this mat-
ter. In summary, the Y-grafting approach with sequential
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anastomoses allows for multiple branches of the cir-
cumflex coronary artery and right coronary artery to be
revascularized with a single conduit. In our series, no
complications requiring intervention were reported in any
of the Y-constructs whether RA or RIMA were used. We
recently published the results of our IMPAG (Impact of
Preoperative Fractional Flow Reserve on Arterial Bypass
Graft Function) trial,3? where we learned the importance
of properly matching the type of configuration with the
degree of stenosis, especially when it relates to the last
distal target when using a Y-composite strategy. We be-
lieve the positive outcomes obtained in these series stem
from adhering to those principles. We refer the reader to
that article to better understand these concepts.®?
CABG can be performed using different tech-
niques including the traditional on-pump technique
with or without aortic cross-clamping, anaortic off-
pump CABG, off pump with the use of a proximal
anastomotic device, and off pump with a partial
proximal clamp. These different CABG techniques
can result in different postoperative outcomes. We
know that the risk of stroke goes down progressively
from the on-pump CABG with cross-clamp, followed
by the off pump with partial proximal cross-clamp,
to off pump with the usage of anastomotic devices,
and to off pump with nontouch technique of the as-
cending aorta.®® In our implemented strategy, we
performed CABG using Y-composite and comple-
mentary grafts with many of these cases using a full
anaortic approach (82.8% in the Y-RA group versus
30.8% in the Y-RIMA group). The reasoning behind
our approach to a CABG procedure stems from the
2 fundamental benefits that this technique offers.
irst, the avoidance of having to manipulate the as-
cending aorta during the procedure helps lengthen-
ing the reach of the conduits used to complement
the LIMA and allows the operator to cover more cor-
onary territories with less conduit length. Second,
in patients where severe disease of the ascending
aorta is found, the avoidance of aortic manipulation
is directly associated with a lower incidence of post-
operative neurological complications.®* In our studly,
we did not differentiate between the procedures
that demanded a nontouch technique because of
severe aortic pathology versus the cases where
the Y-construct was used solely with the purpose
of reaching more coronary territories, as that infor-
mation was not uniformly and consistently available
to us from the medical records. The literature also
supports the benefits of using an anaortic tech-
nigue. A comparative meta-analysis looking at the
clinical outcomes following different CABG proce-
dures revealed a lower rate of mortality, stroke, neu-
rological complications, atrial fibrillation, and renal
failure, postoperatively, when aortic manipulation is
avoided in CABG.3® Taken together, these results
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Figure 2. Summary of cases distribution findings in Y-RA and Y-RIMA groups.
LIMA indicates left internal mammary artery; Y-RA, Y-grafting with left internal mammary artery and radial artery; and Y-RIMA, Y-
grafting with right internal mammary artery. Figure made in ©BioRender.

further support the benefits of completing full coro-
nary revascularization procedures using an anaortic
technique. One of the most feared complications
of CABG for patients is postoperative stroke. The
use of an operation that avoids any aortic manip-
ulation and cardiopulmonary bypass, in addition to
an aggressive management of known postoperative
factors associated with neurovascular complica-
tions (atrial fibrillation, carotid artery stenosis, etc),
is a step toward trying to decrease the morbidity of
CABG.

The series reported here were completed mostly
with the assistance of trainees with different levels of
experience in cardiac surgery. The consistency of the
results in this series was obtained through a standard-
ization of every stage of the procedure, that is, skele-
tonization of mammary arteries, type and location of
anastomoses between the 2 conduits (LIMA and RIMA
or RA), and careful selection of the distal targets. For
a more detailed description of these technical points,
please refer to Ribeiro et al.3®

LIMITATIONS

We are aware that our study presents with many
limitations. This is an observational, nonrandomized,
retrospective study looking at the outcome of using
RIMA or RA in CABG with Y-composite grafting,
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so it carries with it all the biases inherent to these
types of studies. The decision of using one conduit
versus the other was fundamentally dependent on
the operator, patient characteristics, and coronary
anatomy, and we did not control for any of these
variables. However, even though the operator’s
decision-making algorithm was not defined in our
study, it was taken into consideration by each op-
erator when planning the coronary revascularization
procedure. Lastly, findings from the present study
show only short-term outcomes (30 days). Further
studies are needed to evaluate, in a prospective
manner, the long-term outcomes to further confirm
the benefits of our implemented technique high-
lighted in this paper.

CONCLUSIONS

In conclusion, the composite arterial grafting with
LIMA-RIMA/RA Y-graft was able to be introduced in
the routine practice of our institution safely and with
excellent durable results. The postoperative results
of these 2 groups were comparable to the in situ off-
pump and on-pump groups, further supporting the
safety of adopting this surgical approach. When com-
pared with the use of RIMA as a complementary graft,
RA used as a Y-composite tended to enable full arterial
revascularization without the need to manipulate the
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ascending aorta or the use of any additional comple-
mentary grafts (nontouch technique).
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