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ABSTRACT

Objectives: We compared the 5-year graft occlusion rates and midterm clinical
outcomes of saphenous vein composite grafts with those of right internal thoracic
artery composite grafts in patients who were enrolled in the SAphenous VEin
versus Right Internal Thoracic Artery as a Y-Composite Graft trial.

Methods: Of 224 eligible patients with multivessel coronary artery disease who
were randomized to undergo off-pump revascularization using the saphenous vein
(saphenous vein group, n = 112) or right internal thoracic artery (right internal
thoracic artery group, n = 112) as Y-composite grafts based on the in situ left in-
ternal thoracic artery from September 2008 to October 2011, 219 patients (saphe-
nous vein group, n = 109; right internal thoracic artery group, n = 110) entered
the analysis. A third limb conduit to lengthen the graft limb for complete revas-
cularization was used in 47 patients (saphenous vein group vs right internal
thoracic artery group, 8 vs 39). Postoperative 5-year (61.7 = 5.2 months) angio-
grams were performed in 186 patients (84.9%; saphenous vein group = 95; right
internal thoracic artery group = 91). Follow-up was complete in 97.7% (214/219)
of patients with a median follow-up of 80.7 months.

Results: The overall graft occlusion rate was 3.6% at 5 years (3.5% in the saphe-
nous vein group vs 3.7% in the right internal thoracic artery group, P = .910). The
5-year occlusion rate of the second limb conduits in the saphenous vein group was
4.3% and was noninferior to that of the right internal thoracic artery group (2.4%)
within the 95% 2-sided confidence interval of —1.4% to 5.2% (P <.001 for non-
inferiority). No statistically significant differences were found in the overall sur-
vival (P = .439) and the freedom from major adverse cardiac and cerebrovascular
event rates (P = .354) at 5 and 8 years between the 2 groups.

Conclusions: The saphenous vein composite grafts were noninferior to the right
internal thoracic artery composite grafts in terms of 5-year graft occlusion rates
and midterm clinical outcomes. (J Thorac Cardiovasc Surg 2018;156:1424-33)

Patent SV Y-composite graft based on the left ITA at
5-year angiography.

Central Message

The SV composite grafts were noninferior to
the RITA composite grafts in terms of 5-year
graft occlusion rates and midterm clinical
outcomes.

Perspective

In the present extended SAVE RITA trial, the
occlusion rate and clinical results of minimally
manipulated SV composite grafts showed no
statistically significant differences compared
with those of RITA composite grafts.
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Although the saphenous vein (SV) is still a widely used
conduit for coronary artery bypass grafting (CABG), it has
disadvantages of declining patency with time and resulting
worse clinical outcomes compared with patency and
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Abbreviations and Acronyms

CABG = coronary artery bypass grafting

ITA = internal thoracic artery

ITT = intention-to-treat

MACCE = major adverse cardiac and
cerebrovascular events

MDCT = multidetector computed tomography

OPCAB = off-pump coronary artery bypass
grafting

PP = per protocol

RITA = right internal thoracic artery

SAVE RITA = SAphenous VEin versus Right
Internal Thoracic Artery as a
Y-Composite Graft

SV = saphenous vein

outcomes of the internal thoracic artery (ITA) conduit.' In a
long-term review of aortocoronary SV bypass grafts,
Fitzgibbon and colleagues’ showed that SV patency was
75% at 5 years and 50% at 15 years or more postoperatively.
Recent randomized trials also have demonstrated
unsatisfactory patency rates for aortocoronary SV bypass
grafts harvested with conventional methods: Patency rates
were 86.4% at 5 years and 81.4% at 7.7 years.”* To
overcome the limitations of SV conduits, we have
suggested that revascularization wusing a minimally
manipulated SV harvesting technique and using an SV

conduit as a composite graft based on the left ITA may
have comparable early results when compared with
revascularization using a right ITA (RITA) composite graft.”®

The aim of the present study was to compare 5-year
occlusion rates and midterm clinical outcomes in patient
groups enrolled in the SAphenous VEin versus Right
Internal Thoracic Artery as a Y-composite graft (SAVE
RITA) trial, which was designed to compare the SV with
the RITA when each was used as a Y-composite graft based
on the in situ left ITA in patients undergoing CABG.

MATERIALS AND METHODS

The SAVE RITA trial was a randomized, controlled, open-label clinical
trial with a primary end point of the 1-year angiographic patency rate of
distal anastomoses performed with a side-arm composite graft (SV or
RITA) (ClinicalTrials.gov identifier:NCT01051986). The institutional
review board approved the SAVE RITA trial study protocol (approval no.
H-0803-024-237), and all study patients provided informed consent. For
this follow-up study, the study protocol was reviewed by the Institutional
Review Board and approved as a minimal risk retrospective study (approval
no. H-1704-045-844) that did not require individual consent based on the
institutional guidelines for waiving consent.

Study Design

The study design of the SAVE RITA trial has been described.’ Patients
(aged 40-75 years) who were scheduled to undergo off-pump CABG
(OPCAB) for multivessel coronary artery disease using a Y-composite graft
based on the in situ left ITA were evaluated for eligibility. The exclusion
criteria included ineligible Y-composite graft revascularization, an
unavailable RITA or SV, left ventricular dysfunction (ejection fraction
<25%), chronic renal failure requiring renal replacement therapy, previous

TABLE 1. Baseline characteristics, risk factors, and operative data of the study patients

ITT population PP population
Total SV group  RITA group Total SV group RITA group
(n = 224) (n=112) (n=112) P* m=219) @m=109) (n=110) P*

Age (y), median (IQR) 63.5(57.5,70) 64 (59,70) 63 (56,69.5) .574 64(57,70) 64 (59,70) 63.5(56,70) .725
Female, n (%) 50 (22.3) 29 (25.9) 21 (18.8) 199 48 (21.9) 27 (24.8) 21 (19.1) 310
Risk factors, n (%)

Smoking 112 (50.0) 58 (51.8) 54 (48.2) 593 109 (49.8) 57 (52.3) 52 (47.3) 457

Hypertension 156 (69.6) 80 (71.4) 76 (67.9) 561 153(69.9) 79 (72.5) 74 (67.3) 401

Diabetes mellitus 97 (43.3) 46 (41.1) 51 (45.5) 500 96 (43.8) 45 (41.3) 51 (46.4) 449

Dyslipidemia 91 (40.6) 52 (46.4) 39 (34.8) .077 89 (40.6) 50 (45.9) 39 (35.5) 117

Overweight (BMI >25) 104 (46.4) 52 (46.4) 52 (46.4) 1.000 102 (46.6) 51 (46.8) 51 (46.4) .950

History of stroke 31 (13.8) 13 (11.6) 18 (16.1) 333 31(14.2) 13 (11.9) 18 (16.4) .346

Unstable angina 165 (73.7) 83 (74.1) 82 (73.2) .879 163 (74.4) 82 (75.2) 81 (73.6) 187

LMD with or without peripheral disease 85 (37.9) 42 (37.5) 43 (38.4) .890 85(38.8) 42 (38.5) 43 (39.1) .932

3-vessel disease with or without LMD 179 (79.9) 89 (79.5) 90 (80.4) .868 175 (79.9) 87 (79.8) 88 (80.0) 973
LVEF by TTE (%), median (IQR) 58 (52.5,64) 58 (53.5,65) 57 (50, 63) 115 58(52,64) 58 (54,65) 57 (50,63) .136
No. of distal anastomoses, median (IQR)

Per patient 43,4 43,4 43,4 .657 43,4 43,4 43,4 779

Per the LITA 1(1, 1) 1(1,1) 1(1, 1) 17 1(1,1) 1(1,1) 1(1,1) .580

Per the second conduit 2(2,2.5) 2(2,3) 2(1,2) .003 2(2,3) 2(2,3) 2(1,2) .002

Per the third conduit 0 (0, 0) 0 (0, 0) 0(0, 1) <.001 0 (0, 0) 0 (0, 0) 0(0,1) <.001

ITT, Intention-to-treat; PP, per protocol; SV, saphenous vein; RITA, right internal thoracic artery; /QR, interquartile range; BMI, body mass index; LMD, left main disease;
LVEF, left ventricular ejection fraction; T7TE, transthoracic echocardiography; LITA, left internal thoracic artery. *P values were obtained from Wilcoxon rank-sum tests for

continuous variables and from chi-square tests for categoric variables.
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[ 496 patients assessed for eligibility J

272 patients excluded
- 267 inclusion criteria not met

- 3 enrolled in another study
- 2 refused to participate

[ 224 patients randomized

]

¥

[ 112 randomized to the SV group ] [ 112 randomized to the RITA group

3 patients excluded

- 1 poor quality SV

- 1 damaged left ITA

- 1 invisible target coronary arteries

2, pat/ents excluded
1 on-pump conversion
1 damaged right ITA

[ 109 underwent operation as planned ] [ 110 underwent operation as planned

1 patient refusal

l—’( 1 operative mortality

[ 108 underwent 1-year angiogram ] [ 109 underwent 1-year angiogram ]

6 death before evaluation
4 patient refusal
3 Jost to follow-up

8 patient refusal
2 Jost to follow-up

8 death before evaluation ’

[ 95 underwent 5-year angiogram ] [ 91 underwent 5-year angiogram ]

FIGURE 1. Summary flow diagram of participants. SV, Saphenous vein; RITA, right internal thoracic artery; ITA, internal thoracic artery.

cardiac surgery, emergency operation, or a medical history such as malig-
nant disease that might limit the possibility of midterm follow-up.

Of 511 patients who had undergone first-time isolated CABG from
September 2008 to October 2011, 496 patients scheduled to undergo
OPCAB were assessed for eligibility. The 224 eligible patients who were
expected to receive a left ITA-based Y-composite graft for complete
revascularization were assigned randomly to 1 of 2 study groups in a 1:1
manner, depending on the second limb conduit used for construction of
the Y-composite graft: the SV Y-composite graft (SV group, n = 112) or
the free RITA Y-composite graft (RITA group, n = 112). Randomization
was performed with a web-based block randomization method with
randomly determined block sizes of 4 and 6. Of the 224 patients,
219 (SV group = 109; RITA group = 110) received intervention as
specified earlier (Table 1 and Figure 1).

TABLE 2. Angiographic patency rates of distal anastomoses

Operative Strategies

The basic surgical procedures and principles of OPCAB have been
described.” The left and right ITAs were both harvested using a
skeletonization technique. The SV was harvested from a lower leg. The
manipulation and tension of the SV during harvest were minimized, and
manual intraluminal dilatation was avoided. Immediately after the second
limb conduit (SV or RITA) was harvested, it was anastomosed to the left
ITA to construct a Y-composite graft. The left anterior descending coronary
artery territory was revascularized first by using the left ITA while the
second limb conduit was dilated spontaneously by the native flow and
pressure of the left ITA. The left circumflex coronary artery territory was
revascularized and then the right coronary artery territory. A sequential
anastomotic technique using each side arm of the Y-composite graft was
used when more than 2 coronary arterial anastomoses were needed. When

ITT population

Total SV group RITA group Difference (%, 95% CI) P
1-y occlusion rates, % (n/total)* (n = 222) (n=111) (n=111)
Overall grafts 2.7% (21/788) 2.6% (10/392) 2.8% (11/396) —0.2 (-2.5,2.0) .843
Grafts using the LITA 0% (0/271) 0% (0/137) 0% (0/134) - -
Grafts using the second conduit 2.7% (12/450) 2.9% (7/242) 2.4% (5/208) 0.5 (-2.5,3.5) 747
Grafts using the third conduit 13.4% (9/67) 23.1% (3/13) 11.1% (6/54) 12.0 (—12.4, 36.4) 336
1-y occlusion rates, % (total){ (n = 224) (n=112) (n=112)
Overall grafts 2.7% (795) 2.6% (396) 2.8% (399) —0.2 (-24,2.0) .857
Grafts using the LITA 0% (273) 0% (138) 0% (135) - -
Grafts using the second conduit 2.7% (455) 2.9% (245) 2.4% (210) 0.5(—2.4,3.5) 735
Grafts using the third conduit 13.4% (67) 23.1% (13) 11.1% (54) 12.0 (—13.3, 37.3) 354
5-y occlusion rates, % (total){ (n = 224) (n=112) n=112)
Overall grafts 4.2% (795) 4.7% (396) 3.6% (399) 1.1 (—1.7, 4.0) 429
Grafts using the LITA 0.8% (273) 1.6% (138) 0% (135) 1.6 (—0.6, 3.7) 156
Grafts using the second conduit 3.9% (455) 5.1% (245) 2.4% (210) 2.7(-0.8, 6.2) 128
Grafts using the third conduit 19.7% (67) 30.8% (13) 17.0% (54) 13.7 (—144,41.9) .339

ITT, Intention-to-treat; PP, per protocol; SV, saphenous vein; RITA, right internal thoracic artery; CI, confidence interval; LITA, left internal thoracic artery. *Occlusion rates of
the conduits were calculated in patients who underwent 1-year angiograms. fCumulative incidences of graft occlusion were estimated using the nonparametric method with

noncardiac death as a competing risk.
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the length of 1 or both limb conduits of the Y graft did not reach the target
vessels because of an insufficient length, an additional SV segment from the
other lower leg (a third limb conduit) was harvested to lengthen the graft
limb (left ITA or second limb conduit [SV or RITA]) into an I-shape. The
average number of distal anastomoses per patient (SV vs RITA group,
3.6 £0.9 vs 3.6 £ 0.8, P = .904) and per the left ITA (SV vs RITA group,
1.2+ 04 vs 1.2 £ 0.5, P = .542) was similar between the 2 groups. The
number of distal anastomoses in the 3 coronary artery territories also was
similar between the 2 groups, as reported in our earlier analysis.® However,
the number of distal anastomoses using the second limb conduit was
smaller in the RITA group than in the SV group (1.9 £ 0.7 vs 2.2 £ 0.8,
P = .001), and the third limb conduit was needed more frequently in the
RITA group than in the SV group (n = 39 vs 8, P <.001).

Patients were given heparin to maintain an activated clotting time of
more than 300 seconds. All patients took aspirin until the day of surgery
and resumed it as soon as possible after surgery, usually at 1 day
postoperatively. If the patient had a high blood level of low-density
lipoprotein cholesterol (>100 mg/dL), drug therapy was initiated.

Evaluation of End Points

The primary end point measurement of the SAVE RITA trial was the
1-year patency rate of the second limb conduits (SV or RITA). In the
present study, the primary end point was the 5-year occlusion rate of the
second limb conduits, and the secondary end points were midterm clinical
outcomes, including overall survival and rates of freedom from cardiac
death and major adverse cardiac and cerebrovascular events (MACCE).
The graft patency was graded in the manner described by Fitzgibbon and
(:olleagues.2 Grades A (excellent graft) and B (fair) were treated as patent.
Grade O anastomosis, which included stenosis of 75% or more of the
grafted coronary artery or a totally occluded graft, was treated as occluded.
Cardiac death was defined as any death related to cardiac events, including
sudden death during the follow-up period. MACCE included cardiac death,
nonfatal acute myocardial infarction, coronary reintervention (including
redo-CABG), and cerebrovascular accident. Both coronary angiograms
and multidetector computed tomography (MDCT) angiograms initially
were blind-reviewed in consensus by 2 specialists in each study. All
patients who underwent 5-year evaluations also had undergone coronary

TABLE 2. Continued

angiography early and 1 year after surgery. If a 5-year MDCT suggested
occluded or stenotic grafts when compared with the patient’s 1-year
angiogram, a coronary angiogram also was performed to confirm the status
of graft patency and consensus was reached with cardiologists. The
corresponding author of this study also reviewed all of the angiograms.

Follow-up

All of the 1-year (12.8 £ 2.4 months) patency rates were evaluated by
coronary angiograms in 217 (99.1%; SV group = 108; RITA
group = 109) of 219 patients who received allocated intervention. Two
patients were excluded from the 1-year angiographic evaluation: One
patient died in the early postoperative period, and 1 patient refused to
undergo the angiographic examination. The 5-year (61.7 £ 5.2 months)
evaluations were performed in 186 patients (84.9%) by coronary
angiograms (n = 99: SV group = 80, RITA group = 19) or MDCT
(n = 87: SV group = 15, RITA group = 72). We recommended that the
patients, particularly the SV group, be evaluated by coronary angiograms
because the coronary angiogram is currently the gold standard for graft
patency evaluation. Patients who were reluctant to perform coronary
angiographic evaluation received MDCT angiography as an alternative
evaluation method. Thirty-three patients (15.1%) were excluded from
the 5-year angiographic evaluation: A total of 15 patients died (1 in the
early postoperative period and 14 during the follow-up period); 13 patients
refused to undergo the 5-year angiographic follow-up examination; and 5
patients were lost to follow-up (Figure 1). The patients underwent regular
postoperative follow-up examinations through the outpatient clinic at 3- or
4-month intervals and were interviewed by telephone for confirmation of
their condition if the last clinic visit had not been conducted as scheduled.
The clinical and angiographic follow-up examinations were closed on
December 31, 2016. The follow-up data were complete in 97.7%
(214/219) of patients with a median follow-up duration of 80.7 months
(69.3-99.2 months).

Statistical Analysis

The SAVE RITA study was designed to have 80% power to detect
1-year patency rates of 93% in the SV versus 95% in the RITA grafts,
with a 1-sided type I error of 2.5% and a noninferiority margin of —8%.

PP population
Total SV group RITA group Difference (%, 95% CI) P
(n=217) (n = 108) (n = 109)

2.3% (18/772) 1.8% (7/383) 2.8% (11/389) —1.0 (3.1, 1.1) .356
0% (0/265) 0% (0/134) 0% (0/131) - -
2.5% (11/448) 2.5% (6/240) 2.4% (5/208) 0.1 (=28, 3.0) .948
11.9% (7/59) 11.1% (1/9) 12% (6/50) —0.9 (—23.3,21.5) .938

(n = 219) (n = 109) (n = 110)

2.3% (779) 1.8% (382) 2.8% (392) —1.0 (3.1, 1.1) .365
0% (267) 0% (135) 0% (132) - -
2.4% (453) 2.5% (243) 2.4% (210) 0.1 (=2.7,3.0) 935
11.9% (59) 11.1% (9) 12% (50) —0.9 (—24.5,22.7) 941

(n =219) (n = 109) (n = 110)
3.6% (779) 3.5% (382) 3.7% (392) —0.2 (-2.8,2.5) 910
0.8% (267) 1.6% (135) 0% (132) 1.6 (—0.6, 3.8) .156
3.4% (453) 4.3% (243) 2.4% (210) 1.9 (-14,52) 264
17.3% (59) 11.1% (9) 18.4% (50) —7.3(=31.7,17.1) .556
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FIGURE 2. Patent SV Y-composite grafts based on the in situ left ITA at (A) early postoperative, (B) 1-year, and (C) 5-year angiographies in a 54-year-old
male patient. The in situ left ITA was anastomosed to the second diagonal (black arrowheads) and left anterior descending coronary arteries

(white arrowheads), and the SV was anastomosed to the first diagonal (black arrows) and distal obtuse marginal (white arrows) and right posterolateral

coronary arteries (black thin arrows) using a sequential anastomotic technique.

We previously showed that the SV composite grafts were noninferior to the
RITA composite grafts in terms of the 1-year patency rates.’ In the present
study, the study period was extended to record the 5-year occlusion rates.
The null hypothesis was that the SV conduit was inferior to the RITA
conduit based on the 5-year occlusion rate, with a noninferiority margin
of 8%.

Statistical analysis was performed with the Statistical Package for
Social Sciences software package, version 20 (SPSS, Inc, Chicago, IlI)
or R version 3.4.1. Continuous data were expressed as the
mean =+ standard deviation for normally distributed variables or as medians
(interquartile ranges) for non-normally distributed variables according to
the Kolmogorov—Smirnov test, and categoric data were expressed as count
(percentage). The unit of analysis was an anastomosis, under the
assumption that the anastomoses would be independent from each other
in each patient. Categoric variables were compared using the chi-square
test except when more than 20% of expected counts were less than 5,
when the Fisher exact test was used. Comparisons between continuous
variables were made using Student ¢ test for normally distributed data or
Wilcoxon rank-sum test for non-normally distributed data according to
the Kolmogorov—Smirnov test. Cumulative incidence of graft occlusion
with death as a competing risk was estimated by the nonparametric method
with R software (cmprsk package). For 5-year cumulative incidence of
graft occlusion, confidence intervals for group difference and P value for
noninferiority tests with a noninferiority margin of 8% were calculated
using a z-statistics test for binary and time to event outcomes.” Overall
survival and freedom from MACCE were analyzed using Kaplan—-Meier
survival curves, and comparisons between the 2 groups were performed
using the log-rank test. Competing risk analyses for incidence of MACCE
were also performed with noncardiac death as a competing risk, not as a
censoring event. Cumulative incidence of MACCE with noncardiac death
as a competing risk was estimated, and those of 2 groups were compared by
using Gray’s test.® Analyses were performed on both intention-to-treat
(ITT) and per protocol (PP) populations. The ITT population included all
randomized participants, and the PP population included patients who
were randomized and received allocated intervention. The analyses for
anastomotic qualities and subgroup analysis for coronary artery territories
were performed among the PP population who underwent S-year
angiograms. To account for the different proportion of evaluation method
between groups in assessing the 5-year occlusion, mixed-effects logistic
regression models were used for repeated measures of graft occlusion at
1 year and 5 years. Adjusted odds ratio of 2 groups for occlusion was

1428

obtained from the mixed-effects models with time-to-angiogram and
type of investigation as fixed effects and each graft as random effects.

RESULTS
Five-Year Postoperative Angiographic Results

In the PP population, the cumulative occlusion rate of
overall grafts was 3.6% at 5 years postoperatively (3.5%
in the SV group vs 3.7% in the RITA group; P = .910).
The 5-year occlusion rates of the distal anastomoses using
the left ITA were 1.6% in the SV group and 0% in the
RITA group, respectively (P = .156). The 5-year occlusion
rates of the distal anastomoses using the second limb
conduit were 4.3% in the SV group and 2.4% in the
RITA group (P = .264), a difference of 1.9% (95%
confidence interval, —1.4 to 5.2). The upper confidence
limit was smaller than the noninferiority margin of 8%
with P <.001 of the noninferiority in the 5-year occlusion
rate of the SV to the RITA. In patients who needed a third
limb SV conduit, the 5-year occlusion rates were evaluated
in 40 of 47 patients, and 10 of 52 distal anastomoses that
used third limb SV conduits were occluded including 9
occlusions in the right coronary artery territories. The
5-year occlusion rate of the third limb SV conduit showed
no statistical difference between the 2 groups (P = .556).
The overall 5-year occlusion rate of the distal anastomoses
that used a third limb SV conduit was 17.3%, which was
significantly higher than that of the distal anastomoses
that used a second limb SV conduit (4.3%, P = .012)
(Table 2 and Figure 2).

The proportions of grades A, B, and O of the left ITA
grafts and the second limb conduits were not statistically
different between the 2 groups at 5 years postoperatively
(Table 3). When the second limb conduit patency rates
were compared according to the target coronary artery
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TABLE 3. Comparison of the anastomotic qualities between the saphenous vein and right internal thoracic artery groups at 5-year angiography

Conduits Fitzgibbon grade SV group (n = 95) RITA group (n = 91) P

LITA 408+
A 97.4% (114/117) 98.1% (106/108)
B 0.9% (1/117) 1.9% (2/108)
(0] 1.7% (2/117) 0% (0/108)

Second limb conduit (SV or RITA) .116*
A 92.5% (198/214) 96.5% (167/173)
B 2.8% (6/214) 1.2% (2/173)
O 4.7% (10/214) 2.3% (4/173)

Data presented as % (n/total). SV, Saphenous vein; RITA, right internal thoracic artery; LITA, left internal thoracic artery. *P value using linear by linear association.

territories, no statistically significant differences were
found in the patency rates between the 2 groups (Table 4).
Results from mixed-effects logistic regression models
showed no significant difference between the 2 groups after
adjusting the different evaluation methods (OR [95%
confidence interval], 0.83 [0.35-1.97] for overall grafts
and 1.05 [0.27-4.1] for grafts using the second conduit)
(Table E1).

Overall Survival and Freedom From Cardiac Death

One operative death occurred in the RITA group. Late
deaths occurred in 14 patients: 6 in the SV group (2 strokes,
1 cardiac death, 1 pneumonia, 1 accident, and 1 natural
cause) and 8 in the RITA group (4 malignancies, 2 natural
causes, 1 stroke, and 1 cardiac death). The overall survivals
at 5 and 8 years of the ITT population were 94.2% and
93.1%, respectively, and the overall survivals at 5 and
8 years of the PP population were 94.0% and 92.9%,
respectively. There was no statistically significant
difference between the 2 groups (ITT population,
P = .429; PP population, P = .439) (Figure 3). The rates
of freedom from cardiac death also were similar between
the 2 groups (ITT population, P = .989; PP population,
P = .994).

Freedom From Major Adverse Cardiac and
Cerebrovascular Events

During the study period, 13 patients (4 in the SV group; 9
in the RITA group) experienced angina recurrence that
required angiographic examinations. In the SV group,
percutaneous coronary intervention was performed in
3 patients (1 with conduit occlusion and 2 with native
disease progression), and redo OPCAB was performed in
1 patient for native disease progression. In the RITA group,
percutaneous coronary intervention was performed in 9
patients (5 with native disease progression and 4
with conduit occlusion). The overall freedom from
reintervention rates at 5 and 8 years postoperatively were
95.8% and 92.4%, respectively. The overall freedom
from reintervention rates at 5 and 8 years in the ITT
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population were 95.9% and 92.6%, respectively, and those
of the PP population were 95.8% and 92.4%, respectively,
without statistically significant differences between the 2
groups (ITT population, 96.3% and 96.3% in SV group
vs 954% and 88.8% in RITA group, P = .152; PP
population, 96.2% and 96.2% in SV group vs 95.3% and
88.5% in RITA group, P = .155). Five patients (3 in SV
group; 2 in RITA group) experienced stroke events during
the follow-up period. One patient in the SV group died of
a fatal complication during the 1-year angiogram, and 1
patient in the RITA group experienced sudden cardiac death
during the follow-up period. The freedom from MACCE
rates at 5 and 8 years in the ITT population were 92.7%
and 89.5%, respectively, and those in the PP population
were 93.0% and 88.3%, respectively, without statistically
significant differences between the 2 groups ITT
population, 92.7% and 92.7% in SV group vs 92.7% and
86.2% in RITA group, P = .346; PP population, 92.5%
and 92.5% in SV group vs 92.5% and 85.9% in RITA
group, P = .354) (Figure 4). The cumulative incidence of
MACCE was compared between the 2 groups using
competing risk analysis, considering noncardiac death as
the competing risk (Figure E1). No significant difference
was found between the 2 groups (ITT population,
P = .370; PP population, P = .379).

TABLE 4. Comparison of 5-year patency rates for distal anastomoses
performed with the second limb conduits between the saphenous veins
and right internal thoracic arteries according to coronary artery
territories

SV group (n = 95)
Total 95.3% (204/214)

RITA group (n = 91) P
97.7% (169/173) 278*

LAD territory 93.2% (41/44) 100% (35/35) 127+
LCX territory 99.1% (107/108) 97.0% (96/99) 351+
RCA territory 90.3% (56/62) 97.4% (38/39) 244+

P 6191 4841 -
Data presented as % (n/total). SV, Saphenous vein; RITA, right thoracic artery;
LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery;
RCA, right coronary artery. *P value using chi-square test for inequality. TP value
using Fisher exact test for inequality. 1P value using linear by linear association.
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FIGURE 3. Comparison of the overall survival between the SV and RITA groups. /77, Intention-to-treat; SV, saphenous vein; RITA, right internal thoracic

artery; PP, per protocol.

DISCUSSION

The present study of the extended SAVE RITA trial
demonstrated 3 main findings. First, the 5-year occlusion
rate of the SV used as a Y-composite graft based on the in
situ left ITA was noninferior to that of the RITA
composite graft. Second, the clinical results of OPCAB
using SV composite grafts showed no statistically
significant differences compared with those of OPCAB
using RITA composite grafts up to 8 years after surgery
in terms of overall survival and MACCE-free survival.
Third, the third SV conduit needed to extend the second
limb conduit revealed a significantly higher occlusion
rate compared with the SV conduit used as a second
limb conduit.

The initial selection of the conduits that have superior
patency rates is one of the important factors in improved

long-term clinical outcomes of patients undergoing
7T
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CABG.” Although the SV is still a widely used conduit,
it has shown the disadvantage of declining patency with
time." Recent randomized studies also have demonstrated
unsatisfactory patency rates for SV conduits.”* However,
those previous studies examined the patency rates of
aortocoronary SV bypass grafts that were harvested with
conventional methods.

Of revascularization strategies, construction of arterial
composite grafts based on the in situ left ITA has been
demonstrated to be a safe and efficient method for
revascularization.'"'?  Total arterial revascularization
using arterial composite grafts based on the ITA was
also the preferred method for revascularization in the
mid-2000s at our institute. However, the SV was used as a
second graft when an additional arterial conduit was not
available or as a third graft when arterial conduits were
too short to reach target vessels. The use of SV composite
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h L\—L'H__..\_"H
g —
w
g %« m‘lwwww—;wpﬂ;]-"
5]
<
=
E
2
&
£
S 80
@
2
w
P=0.354
70 SV — RITA
0 2 4 6 8
Time (years)
Patients at risk
sv 109 106 100 7 7
RITA 110 107 100 68 8

FIGURE 4. Comparison of freedom from MACCE between the SV and RITA groups. MACCE, Major adverse cardiac and cerebrovascular events;
ITT, intention-to-treat; PP, per protocol; SV, saphenous vein; RITA, right internal thoracic artery.
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VIDEO 1. Patent SV Y-composite grafts based on the in situ left ITA at
early postoperative angiography in a 54-year-old male patient. The in
situ left ITA was anastomosed to the second diagonal and left anterior
descending coronary arteries, and the SV was anastomosed to the first
diagonal and distal obtuse marginal and right posterolateral coronary
arteries using a sequential anastomotic technique. Video available at:
https://www.jtcvs.org/article/S0022-5223(18)31492-2/fulltext.

graft based on the left ITA has produced conflicting results.
One study demonstrated suboptimal short-term patency
results in patients who received an SV composite graft,"”
whereas other studies demonstrated comparable hemody-
namic characteristics and early patency results between
the SV and arterial composite grafts.'*'> In our previous
study, the SV composite grafts showed a 1-year patency
rate similar to that of arterial composite grafts.'”> The
equivalent patency rate of SV composite grafts to that of
arterial composite grafts was shown to continue at 5 years
postoperatively.'® Impressed by the excellent patency
results of the SV composite graft, we designed a
randomized clinical trial, the SAVE RITA trial, to evaluate
the noninferiority of the SV compared with the RITA as a
Y-composite graft based on the left ITA.” The SAVE
RITA trial demonstrated that the SV composite grafts
were noninferior to the RITA composite grafts in terms of
1-year patency rates, the primary end point of the trial
(Videos 1 and 2).° In the present examination of the
extended SAVE RITA trial, the occlusion rate of the SV
Y-composite graft was noninferior to that of the RITA
composite graft at 5 years postoperatively (Video 3). There
also were no significant differences in freedom from cardiac
death and freedom from MACCE rates up to 8 years
postoperatively between the 2 groups. In the SAVE RITA
trial, the SV was harvested using a minimal manipulation
technique because of its efficacy in preserving the venous
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VIDEO 2. Patent SV Y-composite grafts based on the in situ left ITA at
1-year angiography. Video available at: https://www.jtcvs.org/article/
S0022-5223(18)31492-2/fulltext.

endothelial layer and was used as a second limb conduit
to construct the Y-composite graft.'” The theoretical
advantages of using the SV composite graft over an
aortocoronary bypass graft include the following: (1) The
SV conduit anastomosed to the side of the left ITA is
exposed to less circulatory stress than a conduit
anastomosed to the ascending aorta; (2) the SV composite
graft is exposed continuously to endothelial-protective
substances, such as nitric oxide produced from the left
ITA; (3) complications such as embolic stroke and aortic
dissection could be reduced by avoiding aortic clamping
for proximal anastomosis; and (4) the length of the SV is
preserved compared with aortocoronary SV grafts, because
the SV from a lower leg will be sufficient for complete
revascularization in most patients with multivessel coronary
artery disease.”'®?" The SV composite graft was found to
undergo a negative remodeling during the first
postoperative year.”' The additional benefits of using SV
composite grafts compared with bilateral ITA composite
grafts are that the RITA is reserved in the event of possible
later redo CABG and that the risk of perioperative
morbidity, such as sternal infection, is decreased.’

In the present study, an additional SV segment was
harvested to lengthen the conduit when the length of 1 or
both arms of the Y graft was not sufficient for complete
revascularization. The third limb conduit to lengthen the
graft limb was needed more frequently in the RITA group
than in the SV group. The overall occlusion rate of the third
limb SV conduit was significantly higher than that of the
second limb SV conduit at 5 years postoperatively. An
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VIDEO 3. Patent SV Y-composite grafts based on the in situ left ITA at

5-year angiography. Serial postoperative angiograms demonstrated patent
SV conduit with significantly decreased diameter and patent in situ ITA
with increased diameter during postoperative 5 years. Video available at:
https://www.jtcvs.org/article/S0022-5223(18)31492-2/fulltext.

additional surgical manipulation to lengthen the graft limb
may have affected the significantly higher occlusion rate
of the third limb SV conduit, although this requires further
investigation.

Study Limitations

The present study had limitations that must be
recognized. First, although the SAVE RITA trial was
prospective, randomized, and controlled, it was not a
multicenter study and it had an institutional factor. Second,
the 5-year occlusion rate and midterm clinical outcomes
with a median follow-up duration of 80.7 months may not
provide sufficient data to reach a definite conclusion on
the noninferiority of the SV composite graft compared
with the RITA composite graft. The sample size of this
study is also small for comparison of clinical outcomes.
Larger studies with long-term angiographic and clinical
follow-up may be needed. Third, the 5-year graft patency
evaluation was not performed in 18 patients among the
surviving patients (18 of 203 as treated patients, 8.9%) at
the 5-year follow-up. In addition, MDCT instead of
coronary angiography was performed in 46.8% (87/186)
of patients, although the diagnostic efficacy of computed
tomographic angiography has been demonstrated as
excellent,”” and our results showed no significant difference
in the occlusion rate between the 2 groups after adjusting
the different evaluation methods. Fourth, a third SV
conduit was used to lengthen the graft limb for complete
revascularization in 47 patients. This additional conduit
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could be a possible confounder, although none of the second
conduits extended by a third conduit were occluded.

CONCLUSIONS

The SV composite grafts were noninferior to the RITA
composite grafts in terms of 5-year graft occlusion rate.
Midterm clinical results of OPCAB using SV composite
grafts were similar to those of OPCAB using RITA
composite grafts up to 8 years after surgery.

Webcast @

You can watch a Webcast of this AATS meeting presentation by
going to: https://aats.blob.core.windows.net/media/17AM/
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FIGURE E1. Comparison of cumulative incidence of MACCE between the SV and RITA groups using competing risk analysis, considering noncardiac
death as the competing risk. /77, Intention-to-treat; MACCE, major adverse cardiac and cerebrovascular events; PP, per protocol; SV, saphenous vein;
RITA, right internal thoracic artery.

TABLE E1. Odds ratio of graft occlusion using mixed-effects logistic regression models

Overall grafts Grafts using the second conduit
OR (95% CI) P value OR (95% CI) P value
SV vs RITA (reference) 0.83 (0.35-1.97) .673 1.05 (0.27-4.1) .943
Evaluation method (CAG vs MDCT) 1.93 (0.78-4.74) .153 2.91 (0.69-12.3) .146
Time of angiogram (5 y vs 1 y) 1.72 (0.92-3.21) .090 1.60 (0.68-3.81) 283

OR, Odds ratio; CI, confidence interval; SV, saphenous vein; RITA, right internal thoracic artery; CAG, coronary angiography; MDCT, multidetector computed tomography.
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