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Abstract

Multiple arterial grafting (MAG) has been evidenced to likely improve long-term mortality and morbidity outcomes
compared with single arterial grafting during coronary artery bypass grafting (CABG), with current guidelines
recommending its use. Notably, women make up less than 30% of the cohorts in the studies that inform these
guidelines, and the use of MAG has not been well studied in the female population, despite the evidence that
women present with more comorbidities and severe symptoms, and often perform worse after CABG compared
with their male counterparts. Therefore, this comprehensive narrative review focuses on the currently available
evidence examining MAG in women, and its use in on- and off-pump CABG.

Keywords: Coronary artery bypass grafting, multiple arterial grafting, single arterial grafting, sex-based differences,
radial artery, bilateral internal mammary artery, off-pump coronary artery bypass grafting, conduit selection

INTRODUCTION
Multiple arterial grafting (MAG) has been evidenced to likely improve long-term mortality and morbidity

outcomes compared with single arterial grafting (SAG) during coronary artery bypass grafting (CABG)"~.
In the American College of Cardiology (ACC)/American Heart Association (AHA) joint committee report
on clinical practice guidelines of the 2021 ACC/AHA/Society for Cardiovascular Angiography and
Interventions (SCAI) guideline for coronary artery revascularization, a class I recommendation is to use a

radial artery in preference of a saphenous vein graft (SVG) to graft the second most-important, non-left
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anterior descending (LAD) artery to ameliorate long-term cardiac outcomes during isolated CABG"..
Additionally, the use of bilateral internal mammary artery (BIMA) grafting by experienced operators is a
class ITa recommendation for patients undergoing CABG to better long-term cardiac outcomes'”. While
studies used to inform these recommendations support mid- and long-term benefits of using MAG with
radial artery and/or right internal mammary artery (RIMA) over SAG, study patients were predominantly
male, with females being less than 30% of included participants”"'. In a meta-analysis of randomized
controlled trials (RCTs) comparing MAG and SAG, only 19% of patients within the MAG group were
women and 17% in the SAG group were women'?.

This gender discrepancy is problematic as outcomes in women after CABG are challenging. After CABG,
women generally fare worse compared with men, presenting with more delayed diagnoses and surgical
referral, and more diffuse disease**". When presenting for surgical revascularization, women are older and
with a higher comorbidity profile"”, thus facing a higher risk of mortality, major adverse cardiac and
cerebrovascular events (MACCE), and postoperative graft failure>"”. A retrospective analysis of 1,297,204
patients in the Adult Cardiac Surgery Database (ACSD) of the Society of Thoracic Surgeons (STS), who
underwent isolated CABG from 2011-2020, showed only 24% of this cohort were women. There remains
significantly higher operative mortality in women compared to men, with no improvements over the last
decade".

The evidence of MAG improving long-term morbidity and mortality outcomes in CABG is promising, but
with the caveat that women represent a substantial minority in most studies. It is of utmost importance to
increase female enrollment in research and to study the application of MAG specifically in female
populations undergoing CABG, in both the on- and off-pump setting. In this narrative review, we
summarize the literature for MAG in women, the existing evidence comparing MAG and SAG, applications
in both on- and off-pump CABG, and future directions in improving mortality and morbidity outcomes for
women undergoing isolated CABG. To minimize cherry-picking articles in this narrative review, a search
strategy encompassing MAG in female patients was used to obtain relevant articles discussed in this review,
outlined in Supplementary Material.

CURRENT USE OF MULTIPLE ARTERIAL GRAFTING FOR FEMALES

A retrospective review of the STS ACSD by Jawitz et al. included 1,212,487 male and female patients who
underwent isolated first-time CABG from July 1, 2011, to June 28, 2019"”. In addition to female patients
being older with more comorbidities, they were more likely to present with symptoms of congestive heart
failure (CHF) and cardiogenic shock. After adjusting for these baseline characteristics, women had lower
odds of undergoing MAG (adjusted odds ratio, 0.78; 95%CI: 0.75-0.81) after controlling for significant
interactions between sex, race, age, ejection fraction, baseline dialysis, and hematocrit. Additionally, women
in this database had a significantly higher rate of incomplete revascularization compared with men.

The Cleveland Clinic also conducted a retrospective analysis of the 57,943 adult patients who underwent
primary isolated CABG from January 1972 to January 2011"*. Of these patients, only 11,009 (19%) were
females. Comparable to the aforementioned studies, women who presented for CABG were older and had
more severe symptoms compared with their male counterparts. These women were also more prone to have
comorbidities such as pharmacologically treated diabetes mellitus, hypertension, peripheral arterial disease,
and cerebrovascular disease. Even though men were more likely to undergo incomplete revascularization
compared with women, women received fewer arterial grafts (including the less frequent use of BIMA and
radial artery), less total arterial revascularization, increased use of the SVG to the LAD, and increased all-
venous grafts. After adjusting for patient baseline characteristics and revascularization strategy differences,
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female sex persisted as an independent risk factor for both early and late mortality after CABG. Women
who received SVGs without any arterial grafts had low survival with 5-, 10-, and 20-year survival of 80%,
58%, and 25%, respectively, whereas women who received BIMA grafting who experienced 5-, 10-, and 20-
year survivals of 90%, 77%, and 48%, respectively. This study highlighted that women are less likely to
undergo MAG compared with men and that women receiving CABG with only SVGs had lower survival
compared with women receiving MAG.

A similar trend was noted in the Ottawa Heart Institute CABG database in Canada. Jabagi et al. conducted a
retrospective analysis of 19,557 patients who underwent isolated CABG with more than one distal
anastomosis from January 1990 to March 2015, On par with most of the existing evidence, less than one-
quarter of these patients were females. The primary analysis of the unmatched cohort showed that men
were statistically more likely to receive BIMA as conduits. Men also had a higher rate of use of more than
one arterial conduit for revascularization. Women were more likely to receive no arterial conduits during
isolated CABG. After propensity-score matching using sex in those who received BIMA as the outcome in
the logistic regression model, men had a statistically significant increased use of three arteries for
revascularization compared with women. While there was a trend toward increased MAG in both men and
women in this retrospective analysis, a significantly decreased use of total arterial grafting remains in
women compared with men.

In a study from the Australian and New Zealand Society of Cardiac and Thoracic Surgeons (ANZCTS)
database of 54,275 patients who underwent primary isolated CABG from June 2001 to January 2020, only
10,693 (20%) were female. Females were older with more comorbidities, and they presented with more
severe symptoms quantified by more severe New York Heart Association (NYHA) and Canadian
Cardiovascular Society (CCS) class™. Women were less likely to receive MAG and received fewer grafts
than men. Women may also have smaller vessel luminal diameters even when indexed to body surface area,
which may be another barrier to performing multiple arterial grafting™"’.

In addition to women being less likely to receive MAG as well as fewer grafts in general compared with
men, some studies also showed that women were more likely to experience graft failure and other
postoperative complications. In a recently published pooled analysis of seven RCTs investigating the
medical management after CABG, Sandner et al. investigated graft failure in women"*. The RCTs included
were as follows: Aggressive Cholesterol Therapy to Inhibit Vein Graft Events (ACTIVE), Clopidogrel After
Surgery for Coronary Artery DiseasE (CASCADE), Cardiovascular OutcoMes for People Using
Anticoagulation StrategieS (COMPASS), Different Antiplatelet Therapy Strategy after Coronary Artery
Bypass Graft Surgery (DACAB), POPular CABG (POPCABG), Project of Ex-Vivo Vein Graft Engineering
via Transfection IV trial (PREVENT-IV), and Ticagrelor Antiplatelet Therapy to Reduce Graft Events and
Thrombosis (TARGET)" . Graft failure was significantly more frequent in women than men. Women also
had an increased risk of myocardial infarction (MI), repeat revascularization, and all-cause mortality.
Women with graft failure had more SVG grafts compared with women with no graft failure.

These large studies highlight the pattern of decreased MAG use in women undergoing CABG, as well as the
challenges inherent to treating women as they are older, suffering more comorbidities, and presenting with
more severe symptoms such as CHF and cardiogenic shock.

EVIDENCE FOR MULTIPLE VERSUS SINGLE ARTERIAL GRAFTING FOR WOMEN

There have been several key observational studies focusing on outcomes in undergoing CABG with single
or multiple arterial grafting that have provided some insight as to the value of this strategy in women.
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Rubens et al. published a retrospective population-based cohort study from October 2008-September 2019
using the Institute of Clinical Evaluative Sciences (ICES) database encompassing population-health data for
all 11 Ontario cardiac surgery centers”. They included 9,135 female patients and 36,748 male patients
undergoing primary isolated CABG with either double arterial grafting or SAG. After propensity-score
matching with double arterial grafting as the dependent variable, this study showed that there was a lower
risk of medium-term mortality (mean follow-up 4.4 + 2.6 years) in women who underwent double arterial
grafting compared with SAG [hazard ratio (HR) 0.87; 95%CI: 0.81-0.94]. Additionally, females who
underwent double arterial grafting were associated with a lower risk of repeat revascularization (HR 0.76;
95%CI: 0.68-0.85), decreased risk of MI (HR 0.78; 95%CI: 0.69-0.89), and heart failure requiring
hospitalization (HR 0.88; 95%CI: 0.80-0.97) compared with SAG at medium-term follow-up. Furthermore,
the incremental improvement in the 9-year survival was 4.0% in women who underwent double arterial
grafting compared with 0.9% in men.

Tam et al. conducted a similar retrospective propensity score-matched comparison of MAG compared with
SAG for women from October 2008-March 2019, also using data from the ICES"™, including 10,915 female
patients who underwent multivessel CABG with either MAG (n = 2,961) or SAG (n = 7,954). Patients
undergoing MAG were significantly younger, with fewer cardiac comorbidities, lower body mass index, and
higher renal function compared with patients undergoing SAG. Propensity score matching yielded 2,446
matched pairs, and no statistically significant differences were noted in in-hospital complications of MI,
stroke, or early mortality between the MAG and SAG groups. MAG group was associated with longer
10-year survival and greater freedom from MACCE at 10 years. Additionally, a lower incidence of repeat
revascularization was found in the MAG group compared with SAG.

Gaudino et al. used the New York State registry data and performed a retrospective analysis of patients who
underwent CABG from January 2005 to December 2014"". Of the 63,402 included patients who underwent
nonemergency multigraft CABG with at least one radial artery conduit, 15,247 were women. Females who
underwent MAG were younger in age, as well as had fewer comorbidities of diabetes, cerebrovascular
disease, CHF, chronic pulmonic disease, and renal failure. It was also noted that regardless of surgeon case
volumes, females were more likely to receive SAG than MAG when undergoing CABG. Propensity
matching was completed using MAG as the dependent variable. No significant differences were found in
1-year and 7-year outcomes of mortality, MACCE, stroke, major adverse cardiac event (MACE), and
repeated revascularization. Secondary outcomes showed that females who underwent MAG had a lower
incidence of acute MI at 7-year follow-up. A statistically significant decreased incidence of mortality and
MACE at 7 years was reported in low-risk patients undergoing MAG. High-risk patients showed no
significant difference in these outcomes. Given these results being secondary outcomes, it was only
hypothesis-generating, and the primary outcome of this study showed no significant differences between
MAG and SAG in women. Further exploration is warranted.

Aboul-Hassan et al. published a retrospective analysis of the impact of sex on long-term outcomes in
patients undergoing CABG with MAG compared with SAG of the Polish National Registry of Cardiac
Surgery Procedures database from January 2012 to December 2020"”. Of the 81,136 patients included,
18,528 (23%) were women. Only 1,532 (8.3%) of females who underwent CABG in this database received
MAG, with the rest of the 16,994 patients receiving SAG. Patients undergoing MAG were younger, with
fewer comorbidities. Short-term outcomes of 30-day mortality, in-hospital MI, in-hospital cerebrovascular
adverse events, new-onset renal replacement therapy, reopening due to bleeding, incidence of sternal
wound infection, and mechanical circulatory device implantation were similar between the MAG and SAG
groups. MAG use was associated with improved long-term survival in patients under 70 years of age (HR



Qiu et al. Vessel Plus 2024;8:39 | https://dx.doi.org/10.20517/2574-1209.2024.45 Page 5 of 10

0.70; 95%CI: 0.52-0.92), in patients with diabetes (HR 0.67; 95%CI: 0.47-0.96), and in those with a left
ventricular ejection fraction (LVEF) greater than 40% (HR 0.76; 95%CI: 0.60-0.96) compared with patients
who underwent SAG.

Additionally, Ren et al. did a retrospective analysis of 10,693 female patients in the ANZSCTS database who
underwent primary isolated CABG from June 2001 to January 2020 After balancing baseline
characteristics, MAG was associated with a significantly lower incidence of late mortality compared with
SAG in the female population at a median follow-up of 5.2 years (adjusted HR 0.83; 95%CI: 0.76-0.91).

While there are robust, large-sized observational studies supporting the use of MAG for female patients, it is
important to note these mentioned studies are all retrospective, which comes with its own limitations of
selection bias and use of registry data that was not collected for the intention of research. There could be
potentially unmeasured confounders leading to bias in results. Additionally, there was a lack of granularity
in the data reported, such as the location and quality of the target coronary vessels for both MAG and SAG
groups, how many SVGs were used in both groups, and the conduit quality of either MAG or SAG groups.

Robinson et al. published a meta-analysis of six propensity-matched observational studies that compared
MAG vs. SAG in CABG that reported outcomes by sex from inception until October 29, 2020, with a total
of 32,793 female patients included in these pooled analyses™. The propensity sample size was less than
1,000 in four of the six included studies”™*"***”, Women who received MAG compared with SAG had lower
long-term mortality and decreased incidence of spontaneous MI. However, when only the largest three
studies were included in sensitivity analyses, no differences were noted in long-term mortality between
MAG and SAG groups. When including the studies that only used radial arteries for MAG, the use of MAG
was associated with a statistically significant improved long-term survival. Table 1 summarizes all the
primary research studies that compare MAG vs. SAG in females.

MULTIPLE ARTERIAL GRAFTING DURING ON- VS . OFF-PUMP CORONARY ARTERY
BYPASS GRAFTING

Observational studies have shown improved survival and freedom from MACCE in women who undergo
off-pump CABG compared with on-pump CABG, with a few studies suggesting that women may benefit
from off-pump CABG to a greater extent than men”*". However, other studies have shown that off-pump
CABG may be associated with an increased risk of graft failure in female patients"". The debate of on- vs.
off-pump CABG remains controversial, and there are no current RCTs comparing MAG in on- vs. off-
pump CABG for women, to the best of our knowledge. There exists a large knowledge gap in the
applicability of MAG in off-pump surgery, especially in the context of decreased total revascularization in
oft- compared with on-pump CABG groups.

Rubens et al. conducted a retrospective population-based cohort study using the ICES database that focused
on the effect of on- vs. off-pump strategies in CABG patients undergoing MAG"'. The patients were pre-
stratified by sex and then propensity scores were derived based on the use of off-pump CABG. Before
propensity matching, women had a higher crude mortality rate of 2.55%/year compared with 1.70%/year in
men, with no significant differences between on- or off-pump status. Women also had a higher event rate of
MACCE, stroke hospitalization, MI hospitalization, CHF hospitalization, and revascularization compared
with men. After propensity matching, there were no significant differences in all-cause mortality between
on- and off-pump groups, in both male and female groups. However, women had an increased risk of
MACCE in the oft-pump group. The authors hypothesized that these outcomes could be attributed to a
variety of factors, such as the increased technical challenge of smaller vessel targets. They recommended
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Table 1. Summary of the included primary research studies comparing multiple arterial grafting to single arterial grafting in females

Propensity-
Study design MAG Number of Meanage Meanage score Follow-u
Author (year) (database used if definiti female (SD) of (SD) of matching v-up Primary outcome (s) Additional results
. efinition . duration
applicable) patients MAG group SAG group dependent
variable
Ren et al., (2024)7% Retrospective Two or more 10,693 (MAG 68.5 (10.0) 68.6 (10.5) MAG Median 5.2 Lower long-term Only incident of congestive HF was
cohort study arterial grafts  5,494; SAG (IQR 2.4- mortality (adjusted HR  increased in MAG patients, but no
(ANZSCTS) used 5,199; 4,240 8.7) years 0.83; 95%Cl: 0.76-0.91;  significant differences in 30-day
propensity- P<0.007) mortality, readmission to the
matched hospital due to a composite of M,
pairs) deep sternal wound infection,
arrhythmia, or recurrent angina
Tam etal., (2021)2 Retrospective Two ormore 10,915 (2,446 66.0 (9.9) 68.9 (9.3) MAG Median 5.0  Long-term survival at 10 Freedom from MACCE at 10 years
cohort study (ICES  arterial grafts  propensity- before before (IQR 2.6-7.8) years better in MAG higher in MAG group (HR 0.85;
Database) used matched propensity- propensity- years; patients (HR 0.85; 95%Cl: 0.76-0.95); incidence of
pairs) score score maximum 95%Cl: 0.84-0.98) repeat revascularization lower in
matching; matching; 11.0 years MAG (HR 0.77; 95%Cl: 0.64-0.93);
66.7 (9.9) 66.7 (9.9) no differences in 10-year M,
after after incidence of stroke; early mortality,
in-hospital complications of M,
stroke; readmission for sternal
complications at 1year (MAG 1.5%;
SAG 0.74%; P=0.009)
Gaudino et al., 021" Retrospective Use of more 15,247 (1,860 64.8 (10.8) 69.2 (10.1) MAG Median 6.3  No significant difference  No significant difference in acute
cohort study (New  than one propensity- before before (range 3.7-  in mortality at 1yearand MI, stroke, MACE, repeated
York's CSRS and arterial matched propensity- propensity- 8.8) years at 7 years revascularization, and MACCE at 1
New York's Vital conduit pairs) score score year; female patients who
Statistics file) matching; matching; underwent MAG had lower
65.2 (10.3) 65.0 (10.3) incidence of acute Ml at 7 years
after after (adjusted HR 0.88; 95%Cl: 0.60-
0.97); no significant differences for
stroke, repeated revascularization,
MACCE, and MACE
Aboul-Hassan et al., (2024)[32] Retrospective More than one 18,528 (1,528 64.0 (9.17) 64.1(9.01) MAG Median 5.7  Lower long-term No significant differences in 30-day
cohort study (Polish arterial propensity- (IQR 3.4-7.9) mortality in MAG mortality, in-hospital MI, new-onset
National Registry of conduit matched years patients age <70 years  RRT, reoperation for bleeding,
Cardiac Surgery (60.8% of pairs) (HR 0.70; 95%Cl: 0.52-  postoperative MCS, or sternal
Procedures) patients 0.92), with diabetes (HR  wound infection
received BITA 0.67;95%Cl: 0.47-
+RA or SVG) 0.96), LVEF > 40% (HR

0.76; 95%Cl: 0.60-
0.96), without PAD (HR
0.76; 95%Cl: 0.59-
0.99), and without CLD
(HR 0.79; 95%Cl: 0.63-
0.99)
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Rubens et al., (2022)[29] Retrospective Two arterial 9135 (MAG  65.65(9.98); 68.75(9.45); Double arterial Mean 4.4+  Higher risk of death after Higher risk of MACCE after MAG
(Clinical Registry conduits used 1,975; SAG post post conduit 2.6 years; MAG (HR 1.48; 95%Cl:  (HR 1.32; 95%Cl: 1.14-1.51), higher
Data from 7,160) weighting weighting median 4.2 1.23-1.79); higher risk of  rates of revascularization and
CorHealth Ontario 68.15 68.01 (IQR 2.1-6.6) 30-day mortality in readmission for HF at 30 days;
and ICES Database) years, women whose MAG
maximum comprised of LITA + RA
9.3 years compared with BITA
grafts
Saraiva et al., (2018)'* Retrospective Patients who 460 (MAG 58.6 (9.6) for 67.3(8.6) for BIMA Median 5.8  Females undergoing No statistically significant early
cohort study underwent 124; SAG allmaleand  males and years (did MAG had worse survival mortality or reoperation due to
(Database of the CABG with 336) female patient female (did not report rates compared with sternal wound complications
Department of BITA (did not report not report IQR), SAG (HR 2.00; 95%Cl:
Cardiothoracic separately) separately) maximum 12 1.03-3.89)
Surgery at Centro years
Hospitalar Sao
Jodo)

SD: Standard deviation; MAG: multiple arterial grafting; SAG: single arterial grafting; ANZSCTS: Australian and New Zealand society of cardiac and thoracic surgeons; IQR: interquartile range; HR: hazard ratio; Cl:
confidence interval; ICES: institute for clinical evaluative sciences; CSRS: cardiac surgery reporting system; LITA: left internal thoracic artery; RITA: right internal thoracic artery; MAG: multiple arterial grafting;
MACCE: major adverse cardiac and cerebrovascular event; MI: myocardial infarction; CAE: cerebral adverse event; RRT: renal replacement therapy; MCS: mechanical circulatory support; BITA: bilateral internal
thoracic artery; RA: radial artery; SVG: saphenous vein graft; LVEF: left ventricular ejection fraction; PAD: peripheral artery disease; CLD: chronic lung disease; HF: heart failure; MACE: major adverse cardiac event;
NACSA: national institute for cardiovascular outcomes research; CVA: cerebrovascular accident; IABP: intra-aortic balloon pump; CABG: coronary artery bypass grafting.

that one should proceed with caution when performing off-pump CABG for women requiring multivessel revascularization, as the risks may outweigh any
potential benefits.

THE POTENTIAL RISKS OF MULTIPLE ARTERIAL GRAFTING

There remain several potential issues that deter surgeons from expanding the use of MAG in women. A meta-analysis conducted by Changal et al. included 10
contemporary RCTs that compared MAG vs. SAG with at least one year of follow-up!?. The MAG group had a significantly higher incidence of sternal wound
complications [relative risk (RR) 1.75; 95%CI: 1.19-2.55]. Subgroup analysis showed that the MAG group who received RITA drove the statistically significant
higher incidence of sternal wound complications compared with the SAG group (RR 1.75; 95%CI: 1.17-2.60). This finding was also demonstrated by
Tam et al., who concluded that patients who underwent MAG had a statistically significantly higher one-year sternal complication rate compared with patients
undergoing SAG"™. Similarly, Attia et al. found women were more likely to experience postoperative deep sternal wound infections and septicemia than men
in their large retrospective analysis"®.

A single-center retrospective cohort study specifically comparing BIMA with single IMA CABG in 2,424 patients, of which 460 were females, showed no
significant difference in survival between these two groups'””. Females had significantly higher mortality when undergoing BIMA compared to males, with a
median follow-up of 5.5 years (HR 2.00; 95%CI: 1.03-3.89; P = 0.039). Ren et al. demonstrated a statistically significant increased incidence of CHF at 30 days in
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women undergoing MAG compared with SAG for isolated CABG™. Additionally, a retrospective cohort
study using the ICES database conducted by Rubens et al. compared patient outcomes when they
underwent primary isolated CABG with either a single arterial conduit or double arterial conduits found
that a double arterial conduit was associated with an increased rate of 30-day mortality (HR 1.48; 95%CI:
1.23-1.79) and increased postoperative MACCE (HR 1.32; 95%CI: 1.44-1.51). The increased morbidity
and mortality in female patients undergoing MAG should be further investigated through research.

WHAT IS ON THE HORIZON FOR MULTIPLE ARTERIAL GRAFTING FOR WOMEN?

To the best of our knowledge, there are currently no RCTs comparing MAG and SAG for women that can
be used to direct practice. The Randomized Comparison of the Outcome of Single Versus Multiple Arterial
Grafts trial (ROMA): Women, a large, multi-center, international RCT led by Gaudino et al., aims to
address this gap"’. This study involves the randomization of female patients undergoing isolated, primary
CABG in a non-emergent setting to receive either MAG or SAG. Patients in both groups will receive a left
internal mammary artery to LAD anastomosis, and patients in the MAG group will receive a graft with
either a radial artery or a RIMA to a major vessel to the lateral wall. This RCT will not only help gain a
better understanding of MAG vs. SAG for women specifically but will also help shape guidelines for
coronary revascularization in women. We anticipate it will also provide insights as to how we can address
the sex-based disparities in CABG outcomes so that women can expect identical early and late outcomes as
their male counterparts.

CONCLUSION

While MAG has been shown to improve mortality and morbidity compared with SAG during CABG and
has been integrated into recent coronary artery revascularization guidelines, there remains a scarcity of data
on the effects of MAG vs. SAG on CABG outcomes for women. Females remain under-represented and
under-studied in observational studies and RCTs, although we have known for decades that women fare
worse post-CABG due to a multitude of potential factors. In the evidence used to inform guidelines for
MAG in CABG, females were less than 30% of the included population in these studies. Additionally,
females were older in age with more comorbidities, and had more severe symptoms in their initial
presentation for CABG. Women were also less likely to receive MAG compared with their male
counterparts, perhaps due to these preoperative factors, in combination with preconceived surgeon biases,
and the culture of practice at various institutions. The studies that examined the effect of MAG vs. SAG for
females specifically showed that MAG in females may be associated with improved long-term survival and
freedom from MACCE, with decreases in other morbidity outcomes. While on- vs. off-pump CABG
remains a controversial topic, there was some evidence that showed the potential benefits of MAG in
women may be undermined by the potential risks of off-pump surgery. There were also concerns for the
increased risk of sternal wound infection, increased mortality, and CHF post-CABG for women who
undergo MAG (specifically with BIMA) vs. SAG.

While there remains a necessity to gather more data, results from large-sized observational studies show the
benefits of MAG in women, and this revascularization strategy should be employed when appropriate and
safe for the patient. Overall, there remains uncertainty about the true effect of MAG for women undergoing
CABG, and data from a large multi-center RCT investigating MAG vs. SAG in a female population
undergoing isolated, primary CABG will help address this knowledge gap.

DECLARATIONS
Authors’ contributions
Made substantial contributions to the conception, writing, and editing of the manuscript: Qiu Y, Rubens FD



Qiu et al. Vessel Plus 2024;8:39 | https://dx.doi.org/10.20517/2574-1209.2024.45 Page 9 of 10

Availability of data and materials
Not applicable.

Financial support and sponsorship
None.

Conflicts of interest
Both authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2024.

REFERENCES

1. Rocha RV, Tam DY, Karkhanis R, et al. Multiple arterial grafting is associated with better outcomes for coronary artery bypass
grafting patients. Circulation 2018;138:2081-90. DOI

2. Locker C, Schaff HV, Dearani JA, et al. Multiple arterial grafts improve late survival of patients undergoing coronary artery bypass
graft surgery: analysis of 8622 patients with multivessel disease. Circulation 2012;126:1023-30. DOI

3. Thuijs DJFM, Davierwala P, Milojevic M, et al. Long-term survival after coronary bypass surgery with multiple versus single arterial
grafts. Eur J Cardiothorac Surg 2022;61:925-33. DOI PubMed PMC

4. Ren J, Royse C, Royse A. Late clinical outcomes of total arterial revascularization or multiple arterial grafting compared to
conventional single arterial with saphenous vein grafting for coronary surgery. J Clin Med 2023;12:2516. DOI

5. Melly L, Torregrossa G, Lee T, Jansens JL, Puskas JD. Fifty years of coronary artery bypass grafting. J Thorac Dis 2018;10:1960-7.
DOI PubMed PMC

6. Lawton JS, Tamis-Holland JE, Bangalore S, et al. 2021 ACC/AHA/SCALI guideline for coronary artery revascularization: a report of
the american college of cardiology/american heart association joint committee on clinical practice guidelines. J Am Coll Cardiol
2022;79:¢21-129. DOI

7. Gaudino M, Benedetto U, Fremes S, et al. Radial-artery or saphenous-vein grafts in coronary-artery bypass surgery. N Engl J Med
2018;378:2069-77. DOIL

8. Cao C, Manganas C, Horton M, et al. Angiographic outcomes of radial artery versus saphenous vein in coronary artery bypass graft
surgery: a meta-analysis of randomized controlled trials. J Thorac Cardiovasc Surg 2013;146:255-61. DOI

9. Gaudino M, Lorusso R, Rahouma M, et al. Radial artery versus right internal thoracic artery versus saphenous vein as the second
conduit for coronary artery bypass surgery: a network meta-analysis of clinical outcomes. J Am Heart Assoc 2019;8:¢010839. DOI
PubMed PMC

10.  YiG, Shine B, Rehman SM, Altman DG, Taggart DP. Effect of bilateral internal mammary artery grafts on long-term survival: a meta-
analysis approach. Circulation 2014;130:539-45. DOI PubMed

11.  Takagi H, Goto SN, Watanabe T, Mizuno Y, Kawai N, Umemoto T. A meta-analysis of adjusted hazard ratios from 20 observational
studies of bilateral versus single internal thoracic artery coronary artery bypass grafting. J Thorac Cardiovasc Surg 2014;148:1282-90.
DOI PubMed

12.  Changal K, Masroor S, Elzanaty A, et al. Meta-analysis comparing multiple arterial grafts versus single arterial graft for coronary-
artery bypass grafting. Am J Cardiol 2020;130:46-55. DOI

13.  LaGrange DD, Tessitore E, Reymond P, Mach F, Huber C. A systematic review and meta-analysis of differences between men and
women in short-term outcomes following coronary artery bypass graft surgery. Sci Rep 2024;14:20682. DOI PubMed PMC

14.  Gaudino M, Chadow D, Rahouma M, et al. Operative outcomes of women undergoing coronary artery bypass surgery in the US, 2011
to 2020. JAMA Surg 2023;158:494-502. DOI PubMed PMC

15.  Sandner S, Redfors B, An KR, et al. Coronary artery bypass graft failure in women: incidence and clinical implications. J Am Coll
Cardiol 2024;84:182-91. DOI

16. Hessian R, Jabagi H, Ngu JMC, Rubens FD. Coronary surgery in women and the challenges we face. Can J Cardiol 2018;34:413-21.
DOI PubMed

17.  Jawitz OK, Lawton JS, Thibault D, et al. Sex differences in coronary artery bypass grafting techniques: a society of thoracic surgeons


https://dx.doi.org/10.1161/circulationaha.118.034464
https://dx.doi.org/10.1161/circulationaha.111.084624
https://dx.doi.org/10.1093/ejcts/ezab392
http://www.ncbi.nlm.nih.gov/pubmed/34618017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8947797
https://dx.doi.org/10.3390/jcm12072516
https://dx.doi.org/10.21037/jtd.2018.02.43
http://www.ncbi.nlm.nih.gov/pubmed/29707352
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5906252
https://dx.doi.org/10.1016/j.jacc.2021.09.006
https://dx.doi.org/10.1056/NEJMoa1716026
https://dx.doi.org/10.1016/j.jtcvs.2012.07.014
https://dx.doi.org/10.1161/jaha.118.010839
http://www.ncbi.nlm.nih.gov/pubmed/30636525
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6497341
https://dx.doi.org/10.1161/circulationaha.113.004255
http://www.ncbi.nlm.nih.gov/pubmed/24916209
https://dx.doi.org/10.1016/j.jtcvs.2014.01.010
http://www.ncbi.nlm.nih.gov/pubmed/24521973
https://dx.doi.org/10.1016/j.amjcard.2020.06.012
https://dx.doi.org/10.1038/s41598-024-71414-2
http://www.ncbi.nlm.nih.gov/pubmed/39237599
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11377420
https://dx.doi.org/10.1001/jamasurg.2022.8156
http://www.ncbi.nlm.nih.gov/pubmed/36857059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9979009
https://dx.doi.org/10.1016/j.jacc.2024.04.046
https://dx.doi.org/10.1016/j.cjca.2018.01.087
http://www.ncbi.nlm.nih.gov/pubmed/29571425

Page 10 of 10 Qiu et al. Vessel Plus 2024;8:39 | https://dx.doi.org/10.20517/2574-1209.2024.45

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

database analysis. Ann Thorac Surg 2022;113:1979-88. DOI

Attia T, Koch CG, Houghtaling PL, Blackstone EH, Sabik EM, Sabik JF 3rd. Does a similar procedure result in similar survival for
women and men undergoing isolated coronary artery bypass grafting? J Thorac Cardiovasc Surg 2017;153:571-9.¢9. DOI PubMed
Jabagi H, Tran DT, Hessian R, Glineur D, Rubens FD. Impact of gender on arterial revascularization strategies for coronary artery
bypass grafting. Ann Thorac Surg 2018;105:62-8. DOI PubMed

Ren J, Bowyer A, Tian DH, Royse C, El-Ansary D, Royse A. Multiple arterial vs. single arterial coronary artery bypass grafting: sex-
related differences in outcomes. Eur Heart J 2024;45:2536-44. DOI PubMed

Rubens FD, Fremes SE, Grubic N, Fergusson D, Taljaard M, van Walraven C. Outcomes following coronary artery bypass grafting
with multiple arterial grafting by pump status in men and women. J Thorac Cardiovasc Surg 2024;167:1796-807.e15. DOI PubMed
Kulik A, Le May MR, Voisine P, et al. Aspirin plus clopidogrel versus aspirin alone after coronary artery bypass grafting: the
clopidogrel after surgery for coronary artery disease (CASCADE) trial. Circulation 2010;122:2680-7. DOI

Kulik A, Abreu AM, Boronat V, Ruel M. Intensive versus moderate statin therapy and early graft occlusion after coronary bypass
surgery: the aggressive cholesterol therapy to inhibit vein graft events randomized clinical trial. J Thorac Cardiovasc Surg
2019;157:151-61.el. DOI PubMed

Lamy A, Eikelboom J, Sheth T, et al. Rivaroxaban, aspirin, or both to prevent early coronary bypass graft occlusion: the COMPASS-
CABG study. J Am Coll Cardiol 2019;73:121-30. DOI PubMed

Zhao Q, Zhu Y, Xu Z, et al. Effect of ticagrelor plus aspirin, ticagrelor alone, or aspirin alone on saphenous vein graft patency 1 year
after coronary artery bypass grafting: a randomized clinical trial. JAMA 2018;319:1677-86. DOI PubMed PMC

Willemsen LM, Janssen PWA, Peper J, et al. Effect of adding ticagrelor to standard aspirin on saphenous vein graft patency in patients
undergoing coronary artery bypass grafting (POPular CABG): a randomized, double-blind, placebo-controlled trial. Circulation
2020;142:1799-807. DOI

Alexander JH, Hafley G, Harrington RA, et al. Efficacy and safety of edifoligide, an E2F transcription factor decoy, for prevention of
vein graft failure following coronary artery bypass graft surgery: PREVENT IV: a randomized controlled trial. JAMA 2005;294:2446-
54. DOI

Kulik A, Abreu AM, Boronat V, Kouchoukos NT, Ruel M. Ticagrelor versus aspirin and vein graft patency after coronary bypass: a
randomized trial. J Card Surg 2022;37:563-70. DOI

Rubens FD, Wells GA, Coutinho T, Eddeen AB, Sun LY. Sex differences after coronary artery bypass grafting with a second arterial
conduit. J Thorac Cardiovasc Surg 2022;163:686-95.e10. DOI

Tam DY, Rocha RV, Fang J, et al. Multiple arterial coronary bypass grafting is associated with greater survival in women. Heart
2021;107:888-94. DOI PubMed PMC

Gaudino M, Samadashvili Z, Hameed I, Chikwe J, Girardi LN, Hannan EL. Differences in long-term outcomes after coronary artery
bypass grafting using single vs multiple arterial grafts and the association with sex. JAMA Cardiol 2021;6:401-9. DOI PubMed PMC
Aboul-Hassan SS, Hirnle G, Perek B, et al. Single versus multiple arterial coronary artery bypass grafting in men and women: results
from polish national registry of cardiac surgery procedures. /nt J Surg 2024;110:2234-42. DOI PubMed PMC

Robinson NB, Lia H, Rahouma M, et al. Coronary artery bypass with single versus multiple arterial grafts in women: a meta-analysis.
J Thorac Cardiovasc Surg 2023;165:1093-8. DOI PubMed PMC

Pullan M, Kirmani BH, Conley T, et al. The effect of patient sex on survival in patients undergoing isolated coronary artery bypass
surgery receiving a radial artery. Eur J Cardiothorac Surg 2015;47:324-30. DOI

Dimitrova KR, Hoffman DM, Geller CM, et al. Radial artery grafting in women improves 15-year survival. J Thorac Cardiovasc Surg
2013;146:1467-73. DOIL

Schwann TA, Engoren M, Bonnell M, Clancy C, Habib RH. Comparison of late coronary artery bypass graft survival effects of radial
artery versus saphenous vein grafting in male and female patients. 4nn Thorac Surg 2012;94:1485-91. DOI PubMed

Lawton JS, Barner HB, Bailey MS, et al. Radial artery grafts in women: utilization and results. Ann Thorac Surg 2005;80:559-63.
DOI

Puskas JD, Kilgo PD, Kutner M, Pusca SV, Lattouf O, Guyton RA. Off-pump techniques disproportionately benefit women and
narrow the gender disparity in outcomes after coronary artery bypass surgery. Circulation 2007;116:1192-9. DOI PubMed

Brown PP, Mack MJ, Simon AW, et al. Outcomes experience with off-pump coronary artery bypass surgery in women. Ann Thorac
Surg 2002;74:2113-9. DOI

ter Woorst JF, Hoff AHT, Haanschoten MC, Houterman S, van Straten AHM, Soliman-Hamad MA. Do women benefit more than men
from off-pump coronary artery bypass grafting? Neth Heart J 2019;27:629-35. DOI PubMed PMC

Urbanowicz T, Michalak M, Olasinska-Wisniewska A, et al. Gender differences in coronary artery diameters and survival results after
off-pump coronary artery bypass (OPCAB) procedures. J Thorac Dis 2021;13:2867-73. DOI PubMed PMC

Saraiva FA, Girerd N, Cerqueira RJ, et al. Survival after bilateral internal mammary artery in coronary artery bypass grafting: are
women at risk? Int J Cardiol 2018;270:89-95. DOI

Gaudino M, Bairey Merz CN, Sandner S, et al. Randomized comparison of the outcome of single versus multiple arterial grafts trial
(ROMA): women-a trial dedicated to women to improve coronary bypass outcomes. J Thorac Cardiovasc Surg 2024;167:1316-21.
DOI PubMed PMC


https://dx.doi.org/10.1016/j.athoracsur.2021.06.039
https://dx.doi.org/10.1016/j.jtcvs.2016.11.033
http://www.ncbi.nlm.nih.gov/pubmed/28108066
https://dx.doi.org/10.1016/j.athoracsur.2017.06.054
http://www.ncbi.nlm.nih.gov/pubmed/28965620
https://dx.doi.org/10.1093/eurheartj/ehae294
http://www.ncbi.nlm.nih.gov/pubmed/38820177
https://dx.doi.org/10.1016/j.jtcvs.2023.02.008
http://www.ncbi.nlm.nih.gov/pubmed/36935299
https://dx.doi.org/10.1161/circulationaha.110.978007
https://dx.doi.org/10.1016/j.jtcvs.2018.05.123
http://www.ncbi.nlm.nih.gov/pubmed/30122341
https://dx.doi.org/10.1016/j.jacc.2018.10.048
http://www.ncbi.nlm.nih.gov/pubmed/30654882
https://dx.doi.org/10.1001/jama.2018.3197
http://www.ncbi.nlm.nih.gov/pubmed/29710164
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5933396
https://dx.doi.org/10.1161/circulationaha.120.050749
https://dx.doi.org/10.1001/jama.294.19.2446
https://dx.doi.org/10.1111/jocs.16189
https://dx.doi.org/10.1016/j.jtcvs.2020.04.058
https://dx.doi.org/10.1136/heartjnl-2020-317737
http://www.ncbi.nlm.nih.gov/pubmed/33082174
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8055724
https://dx.doi.org/10.1001/jamacardio.2020.6585
http://www.ncbi.nlm.nih.gov/pubmed/33355595
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7758835
https://dx.doi.org/10.1097/js9.0000000000001133
http://www.ncbi.nlm.nih.gov/pubmed/38324262
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11020110
https://dx.doi.org/10.1016/j.jtcvs.2021.07.047
http://www.ncbi.nlm.nih.gov/pubmed/34482958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8828799
https://dx.doi.org/10.1093/ejcts/ezu100
https://dx.doi.org/10.1016/j.jtcvs.2012.10.004
https://dx.doi.org/10.1016/j.athoracsur.2012.05.029
http://www.ncbi.nlm.nih.gov/pubmed/22771486
https://dx.doi.org/10.1016/j.athoracsur.2005.02.055
https://dx.doi.org/10.1161/circulationaha.106.678979
http://www.ncbi.nlm.nih.gov/pubmed/17846303
https://dx.doi.org/10.1016/s0003-4975(02)03988-7
https://dx.doi.org/10.1007/s12471-019-01333-9
http://www.ncbi.nlm.nih.gov/pubmed/31541397
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6890870
https://dx.doi.org/10.21037/jtd-20-3356
http://www.ncbi.nlm.nih.gov/pubmed/34164178
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8182499
https://dx.doi.org/10.1016/j.ijcard.2018.05.028
https://dx.doi.org/10.1016/j.jtcvs.2023.06.006
http://www.ncbi.nlm.nih.gov/pubmed/37330205
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11106655

