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ABSTRACT

BACKGROUND Although many options exist for multivessel coronary revascularization, controversy persists over

whether multiarterial grafting (MAG) confers a survival advantage over single-arterial grafting (SAG) with saphenous vein

in coronary artery bypass grafting (CABG). This study sought to compare longitudinal survival between patients un-

dergoing MAG and those undergoing SAG.

METHODS All patients undergoing isolated CABG with ‡2 bypass grafts in The Society of Thoracic Surgeons Adult

Cardiac Surgery Database (2008-2019) were linked to the National Death Index. Risk adjustment was performed using

inverse probability weighting and multivariable modeling. The primary end point was longitudinal survival. Subpopu-

lation analyses were performed and volume thresholds were analyzed to determine optimal benefit.

RESULTS A total of 1,021,632 patients underwent isolated CABG at 1108 programs (100,419 MAG [9.83%]; 920,943

SAG [90.17%]). Median follow-up was 5.30 years (range, 0-12 years). After risk adjustment, all characteristics were well

balanced. At 10 years, MAG was associated with improved unadjusted (hazard ratio, 0.59; 95% CI 0.58-0.61) and

adjusted (hazard ratio, 0.86; 95% CI, 0.85-0.88) 10-year survival. Center volume of ‡10 MAG cases/year was associated

with benefit. MAG was associated with an overall survival advantage over SAG in all subgroups, including stable cor-

onary disease, acute coronary syndrome, and acute infarction. Survival was equivalent to that with SAG for patients age

‡80 years and those with severe heart failure, renal failure, peripheral vascular disease, or obesity. Only patients with a

body mass index ‡40 kg/m2 had superior survival with SAG.

CONCLUSIONS Multiarterial CABG is associated with superior long-term survival and should be the surgical multi-

vessel revascularization strategy of choice for patients with a body mass index of less than 40 kg/m2.

(Ann Thorac Surg 2024;117:780-8)
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Abbreviations and Acronyms

ACSD[Adult Cardiac Surgery Database

CABG[ coronary artery bypass grafting

HR[hazard ratio

IPW[ inverse probability weighting

ITA[ internal thoracic artery

MAG[multiarterial grafting

NDI[National Death Index

SAG[ single-arterial grafting

STS[The Society of Thoracic Surgeons

SVG[ saphenous vein graft
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(CABG). Controversy persists regarding whether multiar-
terial grafting (MAG) improves long-term survival over
CABG with single-arterial grafting (SAG) with saphenous
vein conduits, thus limiting wider adoption in the
United States. The time and technical requirements of
MAG, often with bilateral internal thoracic artery (ITA)
or radial artery conduits, are elevated compared with a
SAG strategy. Although several single-center reports
showed that patients who undergo MAGmay experience
better survival, more recent reports, including the ran-
domized Arterial Revascularization Trial (ART) of single
vs bilateral ITA CABG, did not detect an overall differ-
ence.1-12 However, the secondary analyses of the ART
trial did indeed identify a long-term survival benefit of
MAG when stratified by as-treated groups and surgeon
experience.13

The cumulative observation from the recent literature
leaves the following knowledge gaps to inform clinical
decision making: (1) defining whether the MAG benefit
observed in single-center studies translates to a larger
national cohort; (2) determining whether there are pa-
tients in whom MAG may not derive a benefit over SAG;
and (3) defining whether a minimum center volume may
exist to derive longitudinal MAG benefit. To address
these gaps, The Society of Thoracic Surgeons (STS) Adult
Cardiac Surgery Database (ACSD) was linked to the
Centers for Disease Control and Prevention National
Death Index (NDI) and analyzed. Our primary hypothesis
was that MAG improves long-term survival compared
with SAG across all subgroups.

PATIENTS AND METHODS

PATIENT DATA. The CABG surgery data were collected at
institutions participating in the STS ACSD. The STS ACSD
captures in-hospital and 30-day outcomes for 97% of
CABG operations performed in the United States.14 For
this study, the STS ACSD was comprehensively linked
to the longitudinal vital status data from the NDI.
Waiver of informed consent for nonhuman subjects
was obtained from the Northwestern University
Institutional Review Board (#STU00206997).

The study cohort included isolated CABG operations
performed in the United States between January 1, 2008,
and March 31, 2019. The primary inclusion criteria were
as follows: (1) the patient was a resident of the United
States, and the CABG was performed in a center in the
United States; (2) data completeness was sufficient for
an NDI vital status match; and (3) nonemergency iso-
lated primary CABG was performed for multivessel cor-
onary artery disease in adult patients aged �18 years
who received �2 bypass grafts, including an ITA
(Supplemental Figure 1). Longitudinal follow-up through
December 31, 2019 was derived from matched records,
including linkage of the STS-ACSD and NDI by using
matching algorithms on the basis of direct patient
identifiers (first, middle, and last names; date of birth;
sex; race; Social Security Number when available).14,15

Matches were further adjudicated on the basis of
comparison of key STS-ACSD and death certificate data
elements (eg, surgery, discharge and mortality dates,
state of residence).

STATISTICAL ANALYSIS. Summary statistics are pre-
sented as percentages and as means with SDs in case of
categoric or continuous variables, respectively. Differ-
ences in baseline characteristics of patients undergoing
MAG vs SAG were quantified using standardized differ-
ences and were compared using the Pearson c2 test for
categoric variables and the Wilcoxon rank-sum test for
continuous variables. Missingness is very low in STS
data, and standard imputation methods were used.14

Propensity scores to estimate the probability of MAG
or treatment were derived with the use of logistic
regression to adjust for between-group differences in
baseline characteristics of patients.16 Stabilized inverse
probability weighting (IPW) that was based on the
propensity score was implemented to create balance
and as the primary tool to adjust for differences
between groups.17

The primary end point was all-cause mortality. Un-
adjusted survival curves for the MAG vs SAG groups
were estimated using the Kaplan-Meier method. The
treatment effect was quantified as a hazard ratio (HR;
95% CIs) estimated from proportional hazard Cox
regression with stabilized IPW used for adjustment. If
the proportional hazards assumption was not met, the
results of a time-segmented Cox regression analysis,
with the 12-year overall follow-up divided into early (0-1
year), intermediate (1-5 years), and late (5-12 years) time
segments, were presented. The 12-year IPW-based
comparisons were repeated within prospectively
defined major demographic, patient risk, and operative
subgroups to examine the potential variability of the
treatment effect in these subcohorts. To examine the
treatment effect of the MAG experience, we grouped the
1022 programs that performed multiarterial CABG into 12
program groups on the basis of the calculated annual-
ized multiarterial volume, from �5 (lowest) to >100



FIGURE 1 (A ) The cumulat ive annua l rate of mul t ia r te r ia l coronary

ar te ry bypass graf t ing (CABG) var ied between 8.8% and 12.0%, wi th

a notab le increas ing trend in the last 5 years of the study per iod . (B )

The cumulat ive annua l ra te of mul t iar te r ia l CABG did not vary sys-

temat ica l ly wi th programs ’ overa l l CABG volumes, wi th most pro-

grams per forming mul t ia r te r ia l CABG at a rate lower than 5%. (CAD,

coronary ar te ry d isease . )
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(highest). The IPW-adjusted treatment effect was
derived for each group compared with the entire single-
arterial CABG group. We performed several sensitivity
analyses to test the robustness of the main analysis, as
further detailed in the Supplemental Methods section.
RESULTS

A total of 1,772,324 isolated CABG cases from 1252 US
programs were available from the STS ACSD, with lon-
gitudinal mortality follow-up available from the NDI in
1,293,477 (73%) (Supplemental Table 1). After study
exclusions, the final population consisted of 1,021,632
patients from 1108 programs, including 100,419
patients who underwent multiarterial CABG (9.83%)
and 920,943 patients who underwent single-arterial
CABG (90.17%). MAG was achieved through bilateral
ITA (47.0%), 1 ITA and radial artery (45.5%), or 2 ITA and
radial artery (7.5%) use. The cumulative annual rate of
multiarterial CABG varied between 8.8% and 12.0% over
the study period, with an increasing trend in the last 5
years (Figure 1, Supplemental Table 2). The majority of
programs, 583 (53.6%), performed MAG at an
annualized rate lower than 5%.

PATIENT CHARACTERISTICS. Demographic, risk, and co-
morbidity factors differed across the 2 study groups
(Table). Patients in the MAG group were younger and
were more frequently men. Heart failure, diabetes,
hypertension, chronic lung disease, cerebrovascular
disease, peripheral arterial disease, and reduced renal
function were less frequent in the MAG group, and the
ejection fraction and estimated glomerular filtration
rate were higher. The distribution of 2-vessel, 3-vessel,
and left main coronary artery disease was similar
between the MAG and SAG groups.

After risk adjustment using IPW or propensity
matching, all patient and clinical covariates were well
balanced (Table). The balanced distribution of
probability of treatment (MAG) or propensity scores
among the overall study population overlapped
substantially for the MAG vs SAG groups (median,
0.126 [interquartile range, 0.082-0.175] vs median,
0.082 [interquartile range, 0.051-0.126]; P ¼ .000)
(Supplemental Figure 2). Moreover, the mean total
number of grafts was comparable in the SAG (mean �
SD, 3.5 � 0.9) and MAG (mean � SD, 3.6 � 1.0) cohorts,
and the incidence of incomplete revascularization was
also similar at 6.5% and 6.4%, respectively (Table).

OPERATIVE OR 30-DAY MORTALITY. The unadjusted pro-
cedural or 30-day mortality was significantly greater in
the overall SAG group vs MAG group (1.68% vs 1.00%;
P < .001), but this difference in operative mortality
was removed in risk-balanced groups after propensity
score matching (1.06% vs 1.00%).

LONGITUDINAL OUTCOMES. The overall median follow-
up time was 5.30 years (range, 0-12 years), with MAG
5.62 years and SAG 5.27 years. Unadjusted survival was
substantially lower for patients undergoing SAG
compared with MAG (Figure 2A), with a corresponding
unadjusted HR of 0.59 (95% CI, 0.58-0.61). These
findings were similar with a landmark analysis
evaluating hazard at each period; early (0-1 year; HR,
0.58), intermediate (1-5 year; HR, 0.62), and late (5-12
year; HR, 0.58) follow-up (Figure 2B). After IPW risk
adjustment, the association of improved survival with
MAG at 12 years remained significant (adjusted HR,
0.86; 95% CI, 0.85-0.88; P ¼ .0001), with a similar
impact for early (HR, 0.87), intermediate (HR, 0.87),
and late (HR, 0.85) follow-up by landmark analysis
(Figure 2D). Moreover, the 12-year overall and time-
interval survival in propensity-matched analyses were
congruent with the results of the IPW-adjusted
analysis and comprehensive covariate-adjusted Cox
regression using all factors included in the propensity
score calculation (Figure 2). Actuarial survival in the
matched cohort was higher for patients undergoing



TABLE Patient Characteristics in Single-Arterial (Control) vs Multiarterial (Treatment) Patient Groups Undergoing

Coronary Artery Bypass Grafting: All Cases Before and After Matched Subcohorts

Patient Variables

All Cases Propensity Matched

Single-Arterial
(N ¼ 920,943)

Multiarterial
(N ¼ 100,419) Std Diff, %

Single-Arterial
(N ¼ 100,404)

Multiarterial
(N ¼ 100,404) Std Diff, %

Preoperative data

Male sex 74.50 84.50 L25.00 84.10 84.50 L1.00

Age, y 65.6 ± 10.1 60.3 ± 10.1 52.50 60.2 ± 10.3 60.3 ± 10.1 L1.0

Body surface area, m2 2.01 ± 0.24 2.05 ± 0.23 L16.90 2.05 ± 0.23 2.05 ± 0.23 L0.50

Preoperative eGFR, mL/min/1.73 m2 75 ± 21 81 ± 20 L31.60 81 ± 20 81 ± 20 L0.50

BMI category, kg/m2

<21 2.40 1.60 5.80 1.60 1.60 0.40

21-24.99 19.70 18.10 4.00 18.20 18.10 0.20

25-29.99 37.60 39.80 L4.60 39.60 39.80 L0.50

30-34.99 24.50 25.90 L3.30 26.00 25.90 0.30

35-39.99 10.40 9.80 2.00 9.80 9.80 L0.20

‡40 5.40 4.70 3.10 4.70 4.70 L0.10

Diabetes

Oral 30.50 25.60 11.00 25.10 25.60 L1.10

Insulin 16.10 12.00 11.70 12.00 12.00 L0.20

Chronic lung disease

None 77.80 83.40 L14.30 83.30 83.40 L0.40

Mild 12.20 10.10 6.50 10.10 10.10 L0.30

Moderate 5.80 4.10 8.00 4.20 4.10 0.40

Severe 4.20 2.30 10.50 2.50 2.30 1.10

Hypertension 88.20 84.00 12.30 84.00 84.00 0.10

Home oxygen use 0.70 0.40 4.00 0.50 0.40 0.70

Cerebrovascular disease 17.40 12.20 14.80 12.20 12.20 0.10

Peripheral vascular disease 13.90 11.00 8.70 11.20 11.00 0.60

Liver disease 1.80 1.60 1.50 1.50 1.60 L0.40

Immunosuppression 2.40 1.80 4.20 1.80 1.80 0.10

Left main coronary artery disease 32.70 29.40 7.00 29.30 29.40 L0.20

3-vessel disease 80.20 81.70 L3.80 81.70 81.70 0.00

Previous myocardial infarction

<6 h 0.30 0.20 1.40 0.20 0.20 0.60

6-24 h 1.70 1.50 0.90 1.60 1.50 0.20

1-21 d 29.50 27.00 5.50 27.30 27.00 0.70

Heart failure, NYHA functional class

I-III 12.90 10.20 8.40 10.20 10.20 0.10

IV 3.50 2.10 8.50 2.20 2.10 0.80

Cardiac shock 0.30 0.20 2.50 0.20 0.20 0.20

Ejection fraction, %

‡55 56.30 60.70 L9.00 59.40 60.70 L2.60

40-54 21.40 21.90 L1.30 23.00 21.90 2.60

30-39 16.50 13.70 7.70 13.80 13.70 0.10

20-29 4.80 3.10 8.80 3.20 3.10 0.50

10-19 1.00 0.60 5.20 0.60 0.60 0.60

Previous PCI, stents 23.60 22.80 1.90 22.80 22.80 0.20

Surgical priority

Elective 39.80 42.60 L5.70 42.30 42.60 L0.60

Urgent 60.20 57.40 5.70 57.70 57.40 0.60

Operative mortalitya 15,445 (1.68) 1009 (1.0) . 1066 (1.06) 1008 (1.0) .

Operative data

Time on CPB, min 94 ± 35 102 ± 37 L22.40 94 ± 35 102 ± 37 L21.50

Cross-clamp time, min 68 ± 28 76 ± 30 L27.20 68 ± 28 76 ± 30 L24.90

Incomplete revascularizationb 64,252 (7) 6388 (6.4) . 6567 (6.5) 6387 (6.4) .

Total grafts 3 [3-4] 4 [3-4] . 3.5 ± 0.9 3.6 ± 1.0 .

Vein 2 [2-3] 1 [0-2] . 2.4 ± 0.9 1.2 ± 1.0 .

Arterial 1 [1-1] 2 [2-3] . 1.0 ± 0.2 2.4 ± 0.7 .

IMA 1 [1-1] 2 [1-2] . 1.0 ± 0.2 1.7 ± 0.7 .

(Continued)
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TABLE Continued

Patient Variables

All Cases Propensity Matched

Single-Arterial
(N ¼ 920,943)

Multiarterial
(N ¼ 100,419) Std Diff, %

Single-Arterial
(N ¼ 100,404)

Multiarterial
(N ¼ 100,404) Std Diff, %

Radial 0 [0-0] 1 [0-1] . 0.0 ± 0.0 0.7 ± 0.8 .

SITA/SVG 920,943 (100) 0 (0.0) . 100,404 (100) 0 ± 0.0 .

SITA/RA 0 (0.0) 45,662 (45.5) . 0 (0.0) 45,654 (45.5) .

BITA/SV 0 (0.0) 47,222 (47.0) . 0 (0.0) 47,216 (47.0) .

BITA/RA/SV 0 (0.0) 7535 (7.5) . 0 (0.0) 7534 (7.5) .

aOperative mortality was defined as in-hospital death during index admission or within 30 days of index surgery after discharge from hospital alive; bIncomplete
revascularization was defined as cases where the total number of completed grafts was less than the multivessel coronary artery disease type (2 vessel or 3 vessel). Values
are %, mean ± SD, n (%), or median [interquartile range{Q1-Q3}]. BITA, bilateral internal thoracic artery; BMI, body mass index; CPB, cardiopulmonary bypass; eGFR,
estimated glomerular filtration rate; IMA, internal mammary artery; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; Q, quartile; RA, radial
artery; SITA, single internal thoracic artery; Std Diff, standard difference; SV, saphenous vein; SVG, saphenous vein graft.
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MAG vs SAG at 1 (97.8% vs 97.5%), 3 (95.2% vs 94.7%), 5
(91.8% vs 90.8%), 7 (86.9% vs 85.2%), 9 (81.2% vs
78.8%), and 11 (75.1% vs 72.1%) years.

MAG was associated with a longitudinal survival
benefit across nearly all demographic, comorbidity, cor-
onary artery disease, and surgical subgroups (Figure 3,
Supplemental Table 3). The observed difference in the
MAG group was systematically greater in younger
patients and was larger in men compared with women.
Generally, the magnitude of the survival benefit was
reduced with increased levels of morbidity, such as
more severe chronic lung disease, worse heart failure,
and substantial renal dysfunction. Importantly, when
severe organ dysfunction was present, specifically New
York Heart Association functional class IV, severe lung
disease, and chronic kidney disease (glomerular
filtration rate <45), the survival between the MAG and
SAG groups was similar (Figure 3). However, in the
severely obese subgroup of patients with a body mass
index (BMI) >40 kg/m2, SAG was associated with
superior survival compared with MAG (adjusted HR,
1.08; 95% CI, 1.01-1.16). The MAG treatment benefit was
similar in cases of urgent and elective CABG, whereas it
was less pronounced in cases of off-pump compared
with on-pump CABG surgery.

CENTER VOLUME. Center-level outcomes categorized by
annualized MAG volumes (lowest [1-5] to highest [>100]
cases/year) were compared with the overall SAG group
(Figure 4). This analysis demonstrated that MAG
revascularization was associated with a survival benefit
across all program volume categories (adjusted HRs,
0.75-0.91; all P < .001). The exception was in programs
performing fewer than 5 multiarterial revascularizations
annually (adjusted HR, 1.11; 95% CI, 1.05-1.17; P ¼
.0005). MAG was associated with benefit once a center
performed 10 cases annually (Figure 4).

SENSITIVITY ANALYSES. To explore the potential for un-
controlled patient selection bias, we compared survival
in the MAG group derived from programs with >10%
frequency of MAG (N ¼ 77,484; 317 programs) to survival
achieved in the SAG group derived from programs with
rare (0% to 4%; <2% overall) use of MAG (N ¼ 453,629
from 544 programs). This analysis resulted in IPW-
adjusted treatment effect estimates essentially
identical to those in the full analysis (adjusted HR,
0.85; 95% CI, 0.83-0.87) (Supplemental Table 4).

Propensity score and IPW validation was performed. An
analysis on the basis of propensity score quintile groupings
showed a significantly better IPW survival in all patient
quintiles except in patients whose characteristics closely
resembled patients who underwent SAG (quintile 1) (IPW-
adjusted HR, 0.98; 95% CI, 0.940-1.01), and progressively
larger and significantly better survival was associated with
MAG in quintiles 2 to 5 (adjusted HR, 0.95, 0.91, 0.78, and
0.75, respectively) (Supplemental Table 5).
COMMENT

This study investigated the survival difference of mul-
tiarterial CABG vs single-arterial CABG with saphenous
vein for the surgical management of multivessel coro-
nary artery disease by using the STS-ACSD linked to the
NDI. Linking these 2 databases permitted a real-world
contemporary analysis of long-term survival in more
than 1 million patients, representative of >97% of all
patients undergoing CABG surgery in the United States.
There were several key findings. First, patients under-
going MAG had a significant improvement in long-term
survival compared with those who underwent SAG.
Second, the superiority of MAG survival was observed in
nearly all patients undergoing CABG, except in patients
older than 80 years of age and those with comorbidities
graded as severe, where MAG and SAG survival was
equivalent. Third, the only subgroup where SAG had
better survival than MAG was the severely obese cohort
(BMI >40 kg/m2). Fourth, these results were consistent
across all centers performing MAG, except in the
smallest-volume programs (<5 MAG/year). Finally,
because our findings confirm the safety of MAG, thereby



FIGURE 2 (A ) Unadjusted surv iva l was worse for s ing le-ar te r ia l compared with mul t ia r te r ia l coronary ar tery bypass graf t ing (CABG) , wi th a

cor responding unadjusted 0- to 12-year hazard rat io (HR) of 0 .59 (95% CI , 0 .58-0 .61 ) . (B ) A s imi la r assoc ia t ion was observed for ear ly (HR, 0 .58 ) ,

in te rmedia te (HR, 0.62 ) , and la te (HR, 0 .58 ) fo l low-up. Af te r ad justment wi th inverse probabi l i ty weight ing ( IPW) , the t reatment ef fect remained

s ign ificant (P [ .0001) , but i t was lower wi th the 0- to 12-year ad justed HR of 0 .86 (95% CI , 0 .85-0 .88 ) . The IPW-adjusted treatment ef fects were

s imi la r for the ear ly (HR, 0 .87 ) , in termediate (HR, 0.87 ) , and la te (HR, 0 .85 ) te rms. (C-E) The 12-year surv iva l pat te rns in propens i ty-matched and

t ime-segmented ear ly , in termediate , and la te cumulat ive a l l -cause morta l i ty large ly confi rmed the resu l ts of the IPW-adjusted ana lys is , as d id

another sens i t i v i ty ana lys is on the basis of comprehensive covar ia te-adjusted cox regress ion us ing a l l factors inc luded in the propensi ty score

ca lcu lat ion . (CABG, coronary ar tery bypass graf t ing . )
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corroborating other experiences in the literature,18-20

while definitively elucidating MAG survival benefit, it is
hoped that this new information may affect the rela-
tively low (12%) adoption of this beneficial therapy
currently across the United States.

OVERALL SURVIVAL. The present study clarifies the
previous controversy on MAG survival. The current
findings are consistent with recent meta-analyses
highlighting the survival benefit of multiarterial
CABG.21-24 These data are also in line with the
recently published multicenter observational cohort
study PRedictIng long term Outcomes afteR Isolated
coronary arTery bypass surgerY (PRIORITY), including
10,988 patients who underwent isolated CABG and
highlighting improved 10-year survival and freedom
from repeat revascularization and myocardial
infarction.25 However, our findings are in contrast to
those of the ART trial, which did not demonstrate a
benefit of bilateral ITA vs single ITA graft use at 10
years.1 Although the ART trial has been widely
discussed, given the concerns over treatment
crossover, radial artery use, and surgeon experience,
further analysis did identify a MAG survival benefit
(including patients with radial artery grafts) in an as-
treated analysis and when stratifying by surgeon



FIGURE 3 Mul t iar te r ia l gra f t ing was assoc iated with a 12-year surv iva l benefi t

in near ly a l l demograph ic, comorb id i ty , coronary ar tery d isease, and surg ica l

subgroups. The mul t ia r ter ia l benefi t was systemat ica l ly greater in decreas ing

age groups and was not iceab ly la rger in men, who were also younger on

average compared wi th women. Genera l ly , the magni tude of the surv iva l

benefi t was reduced wi th increased leve ls of morb id i ty such as more severe

chron ic lung disease (CLD) , worse hear t fa i lu re , and substant ia l renal

dysfunct ion . In case of cer ta in severe dysfunct ion , the surv iva l advantage was

no longer s ign ificant . On ly , the very obese (body mass index [BMI ] >40 kg/m2)

subgroup showed re la t ive ly bet te r surv iva l w i th s ing le-ar te r ia l coronary ar tery

bypass graf t ing (ad justed hazard rat io , 1 .08 ; 95% CI , 1 .01-1 .16 ) . The

mult ia r te r ia l t reatment benefi t was comparab le in cases of urgent and elect ive

surgery , whereas i t was less pronounced in cases of of f -pump compared wi th

on-pump coronary ar te ry bypass graf t ing surgery . (CHF, congest ive hear t

fa i lu re ; CVD, card iovascu lar d isease ; D is , d isease ; DM, diabetes mel l i tus ; EF,

e ject ion f ract ion ; eGFR, est imated glomeru lar fi l t ra t ion ra te; IPW, inverse

probabi l i ty weight ing ; MI , myocard ia l in farct ion ; NYHA, New York Hear t

Associa t ion ; OW, overweight ; PCI , percutaneous coronary in tervent ion; PVD,

per iphera l vascu lar d isease ; UW, underweight . )

786 SABIK ET AL

MULTI- VS SINGLE-ARTERIAL SURGERY

Ann Thorac Surg

2024;117:780-8
experience with MAG.13 Although there is conflicting
evidence on the long-term survival benefit of radial
artery grafting, a recent meta-analysis of randomized
trials demonstrated a reduction in adverse
cardiovascular outcomes at 10 years in patients
receiving a radial artery as a second arterial graft vs
saphenous vein.26 Importantly, our study establishes
the importance of MAG that includes not only ITA
grafts but also radial artery grafts. The Randomized
comparison of the clinical Outcome of single vs
Multiple Arterial grafts (ROMA) randomized trial will
further examine this; however, the results are a few
years away.27 Therefore, the results of the current
study of more than 1 million patients and 10-year
survival serve as the current outcome benchmark for
CABG survival outcomes.

PATIENT POPULATIONS. Notably, the present study did
identify populations in which there was no benefit
from MAG over SAG, including patients aged >80
years, patients in New York Heart Association func-
tional class IV, those with a glomerular filtration rate
<45 mL/min/1.73 m2, and patients with peripheral
vascular disease. Furthermore, in patients with a BMI
>40 kg/m2, not only was there no benefit to MAG, but
SAG was also found be beneficial. This finding clarifies
another long-held presumption that may be related to
sternal healing risks previously reported.18,28,29 The
relative benefits of MAG in special populations,
including patients with an reduced ejection fraction,
those with diabetes, patients with renal failure, and
patients aged more than 80 years, have previously
been evaluated in small series, but the current data
confirm these findings.7,11,30-32

The outcomes of the current study provide much
needed clarity for clinical decision making informed by
patient safety and longitudinal outcome of MAG. There
are numerous factors affecting surgical decision making,
including coronary artery anatomy and quality of tar-
gets; however, there is a clear longitudinal benefit to
MAG whenever possible.9

CENTER VOLUME. Our data highlight the low minimum
center MAG volume necessary to obtain benefits from
MAG, with a stable survival benefit across the spectrum
of center MAG volume once the program crests the
achievable bar of 10 cases annually. Specifically, the
volume-outcome relationship seen in other complex
surgical procedures is not present for MAG, thus
highlighting its applicability to all practices. As
nonsurgical treatment options expand for patients with
multivessel disease, it will be essential to provide
patients access to the best and most durable surgical
therapy available.

STUDY LIMITATIONS. This study has several important
limitations. Although the STS ACSD captures 97% of
CABG operations in the United States to provide the
most comprehensive assessment and remains the gold
standard for clinical outcomes,14 the retrospective
nature of all registry data limits demonstration of



FIGURE 4 Mul t iar te r ia l g raf t ing 0- to 12 -ear “ t reatment ef fect” quant ified by

inverse probabi l i t y we ight ing ( IPW)–adjusted hazard rat ios (AHR; ci rc les ) wi th

95% CIs (er ror bars ) in 12 mul t ia r te r ia l (MA) coronary ar tery bypass graf t ing

(CABG) subcohor ts grouped on the basis of annua l ized (Ann. ) mul t ia r te r ia l

vo lume at ind iv idua l hospi ta ls . Each mul t ia r te r ia l CABG group is compared

wi th the overa l l s ing le-ar te r ia l CABG cohor t (N [ 920,943 ) .
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causality. Furthermore, the STS ACSD does not provide
detailed anatomic information to assess the relative
candidacy of each treatment group, including frailty
and conduit suitability. Because this was an
observational study, our findings may reflect a
selection bias. To address a possible selection bias, we
performed doubly robust analyses by using IPW scores
on the basis of validated risk models,33 multivariable
regression, and time-to-event analysis. Additionally,
multiple sensitivity analyses were performed to
ameliorate the effects of selection bias, all of which
confirmed the primary findings.

CONCLUSION. his contemporary real-world analysis of
more than 1 million patients undergoing isolated
CABG demonstrates that multiarterial CABG was
associated with markedly improved survival
compared with single-arterial CABG. These data
support expanded use of multiarterial CABG for nearly
all patients undergoing CABG and establishes a
benchmark for comparison of other therapies for
multivessel coronary disease.
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