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Introduction

Ischemic heart disease is the leading cause of death 
globally in women and men (1), and coronary artery bypass 
grafting (CABG) is the most frequently performed cardiac 
surgery worldwide (2). Approximately 370,000 CABGs 
are performed in the United States annually (2), and 
women comprise 20–30% of the CABG population (3).  

However, women have well-described worse outcomes 

after CABG, including higher mortality and higher rates 
of major adverse postoperative events, including stroke and 
myocardial infarction (MI), when compared with their male 
counterparts (4-6). Herein we present a comprehensive 
narrative review of the current evidence on sex disparities in 
CABG outcomes, along with proposed etiopathologies for, 
and factors contributing to, this outcomes difference. We 
also discuss future directions to improve CABG outcomes 
in women. We present this article in accordance with the 

Review Article

Sex differences in coronary artery bypass graft surgery outcomes: 
a narrative review 

Lamia Harik, Roberto Perezgrovas-Olaria, Giovanni Jr Soletti, Arnaldo Dimagli, Talal Alzghari,  
Kevin R. An, Gianmarco Cancelli, Mario Gaudino

Department of Cardiothoracic Surgery, Weill Cornell Medicine, New York, NY, USA

Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors; (III) Provision of study materials or patients: None; 

(IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Mario Gaudino, MD, MSCE, PhD. Department of Cardiothoracic Surgery, Weill Cornell Medicine, 525 E 68th St., New York, 

NY 10065, USA. Email: mfg9004@med.cornell.edu. 

Background and Objective: Coronary artery bypass grafting (CABG) is the most commonly performed 
cardiac surgery globally and in the United States, however, women have worse outcomes than men. We aim 
to examine the possible drivers of this sex difference in CABG outcomes.
Methods: A narrative review using a current search of the most recent literature on this topic. 
Key Content and Findings: The sex difference in outcomes after CABG has persisted despite advances 
in the field, with women having well-described worse operative mortality and morbidity than men. Several 
explanatory mechanisms have been proposed for these differences. These include, but are not limited to, 
preoperative factors such as the natural history of coronary artery disease in women, older age, and higher 
prevalence of comorbidities at the time of presentation for CABG surgery. Intraoperative factors have also 
been proposed to play a role, including the smaller coronary artery size and greater coronary artery reactivity 
in women, the degree of intraoperative hemodilution anemia, the type of grafting, and the completeness of 
revascularization. However, no definitive etiology has been identified to date. 
Conclusions: The sex difference in outcomes after CABG remains present, and despite numerous 
proposed etiopathologies, the main driver remains unclear. Further research is needed to identify, and 
address, the root cause of this difference, and greater participation of women in cardiovascular and cardiac 
surgery trials is crucial.

Keywords: Coronary artery bypass; sex differences; sex differences in coronary artery bypass; women and 

coronary artery bypass

Submitted Feb 27, 2023. Accepted for publication Jul 28, 2023. Published online Aug 16, 2023.

doi: 10.21037/jtd-23-294

View this article at: https://dx.doi.org/10.21037/jtd-23-294

5054

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-23-294


Harik et al. Sex disparities in CABG outcomes5042

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(9):5041-5054 | https://dx.doi.org/10.21037/jtd-23-294

Narrative Review reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-294/rc).

Methods

We searched PubMed for references with the terms 
“coronary artery bypass graft outcomes”, “sex differences 
in coronary artery bypass graft”, “coronary artery bypass 
graft AND women”, and “sex disparities in coronary artery 
bypass graft”, or their combination in the title or abstract. 
We also identified relevant articles from the references 
lists of selected articles. We prioritized randomized trials 
and publications from the last 15 years but cited other 
references where historically relevant and necessary. The 
search strategy is summarized in Table 1.

Outcomes in women after CABG

Women undergoing CABG have a well-described higher 
operative mortality when compared with men (4-10). The 
higher operative mortality in women is sufficiently well-
demonstrated such that both the European risk prediction 
models for operative mortality after cardiac surgery, the 
1999 EuroSCORE I (11) and the 2012 EuroSCORE II (12), 
which are based on a multi-national, multi-center database 
that found that women had significantly higher mortality 
than men, and the 2018 Society of Thoracic Surgeons (STS) 
Adult Cardiac Surgery Risk Model (13), include female 
sex as a variable that is predictive of operative mortality. 
In a retrospective study from the STS national database 
including 1,042,506 patients (25.1% women) undergoing 
isolated CABG from 2011–2018 in the United States, 
Enumah et al. (7) found that women had an unadjusted 

higher operative (30-day) mortality than men [odds ratio 
(OR): 1.68, 95% confidence interval (CI): 1.63–1.73]. On 
multivariable analysis, women had a higher risk of death 
than men (OR: 1.26, 95% CI: 1.21–1.30) at 30 days. A 
retrospective cohort study of all fee-for-service Medicare 
patients undergoing CABG from 1999–2014 including 
1,863,719 patients (33.6% women) found that over the 
course of the study period, women had persistently higher 
in-hospital mortality compared with men (1999: 6.6%, 95% 
CI: 5.4–6.6 versus 4.3%, 95% CI: 4.2–4.5, respectively, and 
2014: 4.8%, 95% CI: 4.5–5.1 versus 2.7%, 95% CI: 2.6–2.9, 
respectively), despite a greater adjusted annual decline in 
in-hospital mortality among women (−2.70%, 95% CI: 
−2.97% to −2.44%) than men (−2.44%, 95% CI: −2.67% 
to −2.21%) (9). In a meta-analysis by Shi et al. (8) including 
112 observational studies and 5,008,262 patients (28.8% 
women), women had a 30-day mortality of 4.9% compared 
with 3.3% in men (P<0.001, unadjusted OR: 1.81, 95% CI: 
1.72–1.91). Even among the 25 studies that reported risk-
adjusted outcomes to account for the baseline heterogeneity 
between men and women, there was an association between 
female sex and a higher risk of 30-day mortality (adjusted 
OR: 1.40, 95% CI: 1.35–1.45).

While worse operative mortality has been repeatedly 
demonstrated in women undergoing CABG, data has been 
mixed regarding the presence of a sex difference in long-
term CABG outcomes. In a 2019 retrospective cohort study 
of 52,546 (20.5% women) undergoing isolated CABG from 
2008–2016, Johnston et al. (14) found that at a median of  
5 years of follow-up [interquartile range (IQR), 3 to  
7 years], mortality was higher in women than men [35.2% 
versus 26.5%, adjusted hazard ratio (HR): 1.15, 95% CI: 
1.08–1.21]. However, in a 2004 Ontario database study by 

Table 1 The search strategy summary

Items Specification

Date of search 11/1/2022

Databases and other sources 
searched

PubMed

Search terms used “coronary artery bypass graft outcomes”, “sex differences in coronary artery bypass graft”, “coronary 
artery bypass graft AND women”, “sex disparities in coronary artery bypass graft”

Timeframe 2007–2022

Inclusion criteria Prioritized English-language and randomized trials, included observational studies

Selection process Junior and senior author(s) agreement

Any additional considerations Identification of historically relevant or related articles by agreement between junior and senior author

https://jtd.amegroups.com/article/view/10.21037/jtd-23-294/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-23-294/rc
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Table 2 Selected studies describing sex differences in operative outcomes of CABG 

Author Year Study period Sample size (n) Follow-up Mortality outcomes 

Gaudino  
et al. (17)

2023 2011–2020 1,297,204, 
women: 24.5%

30 days Unadjusted 30-day mortality: 2.8% (95% CI: 2.8–2.9%) in women vs. 1.7% (95% 
CI: 1.7–1.7%) in men, P<0.001

30-day mortality attributable risk to female sex: 1.28 in 2011 to 1.41 in 2020, P 
for trend =0.38

Enumah  
et al. (7)

2020 2011–2018 1,042,506, 
women: 25.1%

30 days Unadjusted 30-day mortality, women: OR: 1.68 (95% CI: 1.63–1.73)

MVA for 30-day mortality, women: OR: 1.26 (95% CI: 1.21–1.30) 

Shi  
et al. (8)

2022 N/A 5,008,262, 
women: 28.8% 

30 days Unadjusted 30-day mortality, women: OR: 1.81 (95% CI: 1.72–1.91)

Adjusted 30-day mortality, women: OR: 1.40 (95% CI: 1.35–1.45)

Angraal  
et al. (9)

2018 1999–2014 1,863,719, 
women: 33.6%

30 days 30-day mortality

1999: 6.6% (95% CI: 5.4–6.6%) in women vs. 4.3% (95% CI: 4.2–4.5%) in men

2014: 4.8% (95% CI: 4.5–5.1%) in women vs. 2.7% (95% CI: 2.6–2.9%) in men

Adjusted annual decline in 30-day mortality 

Women: −2.70% (95% CI: −2.97% to −2.44%)

Men: −2.44% (95% CI: −2.67% to −2.21%)

1 year Adjusted annual decline in 1-year mortality 

Women: −1.67% (95% CI: −1.88% to −1.46%)

Men: −1.20% (95% CI: −1.37% to −1.03%)

Guru  
et al. (15)

2004 1991–1999 54,425,  
women: 22.2%

30 days Adjusted 30-day mortality, women: OR: 1.45 (95% CI: 1.23–1.63)

1 year Adjusted 1-year mortality, women: HR: 1.44 (95% CI: 1.29–1.61)

>1 year Adjusted late (>1-year) mortality, women: HR: 0.89 (95% CI: 0.78–1.02)

Johnston  
et al. (14)

2019 2008–2016 52,546,  
women: 20.5%

5 years Adjusted mortality, women: HR: 1.15 (95% CI: 1.08–1.21)

Adapted with permission from Gaudino et al. (18). CABG, coronary artery bypass grafting; CI, confidence interval; OR, odds ratio; MVA, 
multivariable analysis; N/A, not applicable; HR, hazard ratio.

Guru et al. (15) of 54,425 isolated CABG patients (22.2% 
women), mortality was higher in women at one-year follow-
up (adjusted HR: 1.44, 95% CI: 1.29–1.61; P=0.02) but not 
beyond that time (adjusted HR: 0.89, 95% CI: 0.78–1.0; 
P=0.06). In a meta-analysis of 20 studies and 966,492 
patients (28.7% women) undergoing isolated CABG, Alam 
et al. (16) found that 30-day mortality was significantly 
higher in women (OR: 1.77, 95% CI: 1.67–1.88), and that 
mortality at one year (OR: 1.31, 95% CI: 1.18–1.45) and 
five years (OR: 1.14, 95% CI: 1.08–1.20) was persistently 
higher in women. Most recently, in a large retrospective 
analysis of over one million CABG patients (24.5% women) 
from the STS database from 2010 to 2020 (17), women 
had a higher unadjusted operative mortality (2.8%, 95% 
CI: 2.8–2.9% versus 1.7%, 95% CI: 1.7–1.7%; P<0.001), 
and the attributable risk to female sex for operative 

mortality ranged from 1.28 in 2011 to 1.41 in 2020, with 
no change over the study period (P for trend =0.38). The 
aforementioned studies are summarized in Table 2.

Women also have higher rates of morbidity after CABG, 
including stroke and MI (5,6,19). In a meta-analysis of 84 
observational studies and 903,346 patients (24.8% women), 
Bryce et al. (6) found that women were at a higher risk of 
major adverse cardiac events, defined as a composite of 
stroke, repeat revascularization, and MI [incidence rate 
ratio (IRR): 1.30, 95% CI: 1.19–1.66; P<0.001], stroke 
alone (IRR: 1.31, 95% CI: 1.15–1.51; P>0.001), and MI 
alone (IRR: 1.28, 95% CI: 1.13–1.45; P<0.001), but not 
repeat revascularization (IRR: 0.99, 95% CI: 0.76–1.29; 
P=0.95). Yet in a 2021 individual patient data meta-analysis 
including four CABG randomized trials and 13,193 patients 
(20.6%women), Gaudino et al. (5) found that over 5 years 
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of follow-up, women had a higher risk of MI (adjusted 
HR: 1.30, 95% CI: 1.11–1.52; P=0.001) and repeat 
revascularization (adjusted HR: 1.22, 95% CI: 1.04–1.43; 
P=0.02) individually (Figure 1).

The driver of the described sex difference in outcomes 
after CABG remains unclear. Proposed etiopathologies 
that may contribute to worse outcomes in women include 
differences in baseline characteristics between men and 
women at time of presentation for CABG, differences 
in pathophysiology and the natural history of coronary 
artery disease (CAD), differences in surgical technique 
employed, and differences in body size including body 
surface area (BSA) and its implications on preoperative 
and intraoperative anemia and on coronary artery size and 
technical complexity of the surgery itself (Figure 2). In the 
following text we summarize the existing evidence on each 
of these proposed mechanisms.

Preoperative and patient-related factors

Differences in comorbidity

Women present for CABG later than men, with older age 
and more cardiovascular risk factors than men at time of 
presentation (4-8,16), and it has been suggested that these 
baseline preoperative differences account for the relatively 
poorer outcomes in women when compared with men. 

Said differences may be due, in part, to delayed diagnosis 
of CAD or lack of referral for surgical revascularization  
(18,20,21). For instance, in a retrospective, multi-center 
study of 1,064 patients (215 women) with multivessel 
CAD, Fink et al. demonstrated that male sex was associated 
with referral to CABG (OR: 2.27; P<0.001) (20). In their 
retrospective study of over one million patients from 
the STS database, Enumah et al. (7) found that women 
presented with advanced age and with a higher incidence 
of cardiac risk factors, including hypertension and diabetes, 
than their male counterparts (7). The aforementioned meta-
analysis of over 20 studies and almost one million patients 
by Alam et al. (16) found women were older than men 
at time of presentation (67.7 versus 63.0 years; P=0.04), 
had a higher incidence of hypertension (69% versus 60%; 
P<0.01), diabetes (34% versus 25%; P<0.01), and urgent 
(rather than elective) CABG (51% versus 44%; P<0.001).

Yet in a propensity-matched study of 3,600 isolated 
CABG patients by the same group, female sex was an 
independent predictor of operative mortality both before 
(OR: 1.67, 95% CI: 1.35–1.67) and after (OR: 1.84, 95% CI: 
1.22–2.78) propensity matching between sexes. Similarly, 
in the previously discussed individual patient data meta-
analysis of over 13,000 isolated CABG patients by Gaudino 
et al. (5), women were older and had higher incidence of 
diabetes, hypertension, and peripheral vascular disease than 
men. However, even after risk-adjustment for these factors, 

Figure 1 Clinical outcomes after coronary artery bypass grafting in women and men after risk-adjustment. Reproduced with permission 
from Gaudino et al. (5). HR, hazard ratio; MI, myocardial infarction.
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More  
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More profound
hemodilution 

anemia

Possible drivers of worse CABG 
outcomes in women

Figure 2 Factors that may contribute to worse CABG outcomes in women. Created with BioRender.com. CABG, coronary artery bypass 
graft; CAD, coronary artery disease.

the risk of the composite of mortality, MI, stroke, and repeat 
revascularization was significantly higher in women (adjusted 
HR: 1.12, 95% CI: 1.04–1.21; P=0.004). While risk-
adjustment and propensity matching cannot fully account for 
patient heterogeneity, allocation bias, or low-quality data, the 
persistent association between women and relatively worse 
postoperative outcomes even after such adjustments are made 
suggests that the outcomes disparity may be driven by factors 
beyond differences in preoperative patient comorbidity.

Pathophysiology and natural history

The underlying pathophysiology of CAD in women may 
play a role in relatively poorer outcomes after surgery. 
While obstructive CAD predominates in men, women are 
over-represented among patients with ischemia secondary 
to non-obstructive CAD (22,23). MI secondary to non-
obstructive CAD, including coronary spasm, dissection, or 
emboli (24), is similarly more prevalent among women (25-
27). In a retrospective, multicenter registry study of 322,523 

patients who underwent coronary angiography for MI, non-
obstructive CAD was found in 18,918 patients, of whom 
women comprised 10.5%, a significantly higher proportion 
than men (3.4%, P<0.0001) (26). In addition, prior 
evidence in patients with CAD undergoing percutaneous 
revascularization has shown that compared to men, women 
are more likely to have microvascular disease that, like 
non-obstructive CAD, may not be effectively treated by 
revascularization (28).

Coronary arteries in women have been found to be 
more prone to spasm when compared with men (29-32).  
In a study of 1,379 consecutive patients with stable angina, 
Aziz et al. found on multivariable logistic regression 
that women were more likely to have both coronary 
microvascular dysfunction (OR: 4.2, 95% CI: 3.1–5.5; 
P<0.001) and epicardial vasospasm (OR: 2.3, 95% CI: 
1.7–3.1; P<0.001), respectively, on provocative testing (32).  
The higher spasticity of coronary arteries in women 
may render the operation technically more challenging, 
contributing to poorer outcomes (33).



Harik et al. Sex disparities in CABG outcomes5046

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(9):5041-5054 | https://dx.doi.org/10.21037/jtd-23-294

Coronary artery size

Coronary artery diameter has been inversely related to 
perioperative morbidity and has been proposed to explain 
both the observed lower graft patency and increased 
mortality among women (34,35). Women have been found 
to have smaller conduits and smaller target coronary 
arteries than men (36-39). In a 1993 multi-center study 
of prospectively-collected data on 3,055 CABG patients, 
O’Connor et al. found that lower BSA (<1.6) was associated 
with an increased risk of in-hospital mortality when 
compared with higher BSA (>2.0; OR: 2.84; P for trend 
=0.007) (40). In a subgroup of 945 patients in whom the 
target coronary artery diameter was measured, there was a 
strong positive correlation (Pearson’s correlation, r=0.83–
0.98) between coronary luminal diameter and BSA (40).  
However, in this study, BSA, target artery diameter, 
and outcomes were not reported by sex. A follow-up 
prospective observational study by the same group of 
1,325 CABG patients (27.3% women) found that small 
target coronary vessel size was associated with an increased 
in-hospital mortality (15.8% for 1.0 mm vessels, 4.6% 
for 1.5 to 2.0 mm vessels, and 1.5% for 2.5 to 3.5 mm 
vessels, P for trend <0.001), and that the average mid-left 
anterior descending (LAD) artery diameter in women was 
significantly smaller than in men (2.04 versus 2.81 mm, 
respectively; P<0.001) (41). On multiple linear regression, 
target vessel size was positively correlated with both body 
mass index (BMI) and BSA. When patients were stratified 
by BMI and by BSA, there was still a small but significant 
difference in mid-LAD diameter between men and 
women (BSA: mean size difference range: 0.15–0.18 mm;  
P for trend <0.001; BMI: mean size difference range: 
0.22–0.23 mm; P for trend <0.004) (41). More recent 
studies have demonstrated an association between sex 
and smaller coronary artery size utilizing techniques such 
as intravascular ultrasound, computed tomography, and 
measurement with vascular sheaths (36-39). Proposed 
mechanisms to explain the relationship between small vessel 
diameter and poorer outcomes may include an increased 
risk of thrombosis and occlusion in smaller vessels, technical 
difficulty in operating and sewing anastomoses on smaller 
vessels, or decreased short-term patency in conduits grafted 
to smaller target vessels (42).

However, in a 1995 prospective observational study 
of 1,132 men and 355 women referred for CABG, 
Mickleborough et al. found that women had smaller body 
size than men (men’s mean BSA 1.9±0.2, women’s mean 

BSA 1.7±0.2; P<0.001) but were not more likely to have 
small (<1.5 mm diameter) target vessels (30.9% of men 
versus 31.3% of women; no P value provided) (43). This 
raises the question of whether smaller vessel size truly drives 
the outcomes disparity in women, or if smaller body size in 
women is a surrogate for another risk factor for operative 
mortality.

Operative factors

Completeness of revascularization

Incomplete revascularization has repeatedly been associated 
with worse survival after CABG (44-46). A retrospective 
study of 1,034 CABG patients found that incomplete 
revascularization, defined as the absence of grafts to 
territories supplied by vessels with 50% stenosis or more, 
predicted an increased risk of cardiac death (HR: 1.85, 
95% CI: 1.03–3.34; P=0.04) (45). On multivariable logistic 
regression, female sex was a predictor of incomplete 
revascularization (OR: 2.09, 95% CI: 1.37–3.66; P=0.002). 
Failure of complete revascularization in all patients in this 
study was most often attributed to coronary arteries being 
too small, too severely diseased, or both (45); women have 
previously been found to have smaller coronary arteries 
(discussed above) (40), which is suggestive of a possible 
association. In a retrospective study of 1,212,487 patients 
(24.9% women) from the STS Adult Cardiac Surgery 
Database (47) undergoing first-time isolated CABG, Jawitz 
et al. found that women had lower odds of undergoing 
complete revascularization, defined as cases where the 
number of distal anastomoses was greater than or equal to 
the number of diseased myocardial territories, than their 
male counterparts (adjusted OR: 0.86, 95% CI: 0.83–0.90; 
P<0.001). A retrospective study of 7,157 patients (30% 
women) undergoing primary CABG who received left 
internal thoracic artery (LITA)-to-LAD grafting found that 
incomplete revascularization, defined as a completeness of 
revascularization index (the difference between the number 
of coronary grafts and the number of diseased coronary 
systems) ≤ one, was associated with increased long-term  
(15-year) mortality among all patients (adjusted HR: 1.53, 
95% CI: 1.29–1.80) (48). The proportion of women decreased 
as completeness of revascularization increased in this cohort 
(P<0.001); female sex was also a predictor of incomplete 
revascularization (OR: 1.39, 95% CI: 1.06–1.81) (48).  
Unfortunately, there is no universal definition of incomplete 
revascularization, which is a limitation of the existing 
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evidence on this topic. The reason for the greater rate of 
incomplete revascularization in women rather than men 
is, at this time, unclear. While proposed mechanisms have 
included greater technical difficulty in women and operating 
on smaller coronary artery vessels, and poor tolerance of 
cardiopulmonary bypass, there is no definitive explanation 
at this time (48).

Conduit selection

Grafts utilized for CABG are either arterial, harvested 
from the chest wall [LITA and right internal thoracic 
artery (RITA)], arms [radial artery (RA)], and less 
commonly, the abdomen [right gastroepiploic artery 
(RGEA)], or venous, harvested from the legs [saphenous 
vein grafts (SVGs)]. SVGs are more susceptible to 
atherosclerotic burden and have demonstrated higher 
rates of graft failure, or occlusion preventing blood flow 
to the portion of the heart targeted for revascularization, 
than arterial grafts. The LITA has a reported short-term  
(1-year) graft failure rate of <5%, and a long-term  
(10-year) graft failure rate of 10–15% (49,50), the RITA 
has a similar short-term failure rate and a long-term failure 
rate of 10–25% (50), and the RA has a reported short-term 
failure rate of 4–8%, with long-term failure estimated at 
11–15% (50,51). SVGs have a reported short-term failure 
rate ranging from 10–25% and a long-term failure rate of 
40–50% (49-51).

In patients undergoing CABG, professional society 
guidelines recommend utilizing the LITA to bypass the 
LAD, due to decades of observational data that suggest 
improved patency and outcomes compared with other 
conduits [American College of Cardiology (ACC)/American 
Heart Association (AHA)/Society for Cardiovascular 
Angiography and Interventions (SCAI) Class 1, Level of 
Evidence B-NR; European Society of Cardiology (ESC)/
European Association for Cardio-Thoracic Surgery 
(EACTS): Class 1, Level of Evidence B] (52,53). The RA is 
recommended as the second arterial conduit in lieu of the 
SVG to bypass the second most important coronary target 
after the LAD (ACC/AHA/SCAI Class 1, Level of Evidence 
B; ESC/EACTS: Class 1, Level of Evidence B) (52,53). 
Despite these professional guideline recommendations and 
the evidence of poorer patency rates with SVG grafting 
when compared with arterial grafting, SVGs remain the 
most commonly used graft in CABG (54). Women are 
even more likely than men to receive SVGs in lieu of any 
arterial grafting (55) or multiple-arterial grafting (56). In a 

retrospective study of 57,943 patients undergoing primary 
elective CABG (19% women), Attia et al. (55) found that 
women received less all-arterial conduits, and less arterial 
grafting at all, than men. In the previously mentioned 
retrospective study of over one million patients, Jawitz 
et al. found that women were less likely to receive LITA 
grafting to the LAD (adjusted OR: 0.79, 95% CI: 0.75–0.83; 
P<0.001) and were less likely to undergo multiple arterial 
grafting (adjusted OR: 0.78, 95% CI: 0.75–0.81; P<0.001) 
than men (47), findings that persisted over the duration of 
the study.

Another consideration beyond whether women receive 
multiple arterial grafting is whether they derive similar 
benefits from multiple arterial grafting as men. In a 
retrospective analysis of the New York State Cardiac 
Surgery Reporting System of all CABG patients from 
2005 to 2014, just 13.8% of women, compared with 21.9% 
of men, received multiple arterial grafting (57). After 
propensity-matching based on preoperative risk profiles 
as well as extent of CAD and surgeon experience, there 
were 9,512 male pairs and 1,860 female pairs who receiving 
single versus multiple arterial grafting. Men who received 
multiple arterial grafting were found to derive a mortality 
benefit (adjusted HR: 0.80, 95% CI: 0.73–0.87; P<0.001), 
whereas women did not (adjusted HR: 0.99, 95% CI: 
0.84–1.15; P=0.85) (Figure 3) (57). However, when patients 
were stratified into high-risk and low-risk groups, low-risk 
patients of both sexes were found to derive a mortality and 
morbidity benefit from arterial grafting (men: adjusted HR: 
0.80, 95% CI: 0.73–0.89; P<0.001 and women: adjusted 
HR: 0.80, 95% CI: 0.65–0.97; P=0.02), but the high-risk 
patients of both sexes did not (men: adjusted HR: 0.95, 95% 
CI: 0.82–1.10; P=0.47 and women: adjusted HR: 1.14, 95% 
CI: 0.91–1.42; P=0.26) (Figure 4). The apparent lack of 
benefit of multiple arterial grafting in women overall may 
have been a reflection of the greater proportion of women 
who were high-risk compared to men (13.0% versus 6.0%). 
Ultimately, a randomized control trial on multiple arterial 
grafting in women is needed to provide the prospective 
data on this topic that will better guide surgeons and 
patients in determining the best operative plan. The results 
of the ongoing ROMA:Women trial (ClinicalTrials.gov: 
NCT04124120) will hopefully bring clarity to this issue.

Lastly, the choice of arterial conduit may have an impact 
on outcomes that is modified by sex. In an individual patient 
data analysis of six CABG studies and 1,036 patients (534 
with RA grafts, 502 with SVGs), Gaudino et al. (58) found 
that the use of RA grafts was associated with a significant 
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Figure 4 Mortality in men and women receiving multiple arterial grafts versus single arterial grafts, stratified by high-risk and low-risk 
patients: (A) low-risk men, (B) low-risk women, (C) high-risk men, and (D) high-risk women. Reproduced with permission from Gaudino  
et al. (57). MAG, multiple arterial grafts; SAG, single arterial graft; CI, confidence interval.

Figure 3 Mortality in (A) men and (B) women receiving multiple arterial grafts versus single arterial grafts. Reproduced with permission 
from Gaudino et al. (57). MAG, multiple arterial grafts; SAG, single arterial graft; CI, confidence interval.
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reduction in the incidence of the composite of death, MI, 
or repeat revascularization (HR: 0.73, 95% CI: 0.61–0.88; 
P<0.001). They found that the benefit of RA grafts was even 
more pronounced in women (HR: 0.51, 95% CI: 0.36–0.72) 
compared with men (HR: 0.84, 95% CI: 0.61–1.05) (58). 
However, bilateral ITA grafting has been shown to be 
associated with sternal wound infection in women (55,59). 
In a retrospective study including 2,979 patients receiving 
BITA (10% women), women had a higher incidence of 
postoperative mediastinitis compared with men (3.3% 
versus 1.5%; P=0.02), making this a less attractive choice of 
conduit in women undergoing CABG.

Anemia and hemodilution

Preoperative anemia and intraoperative hemodilution 
have previously been demonstrated to be associated with 
increased mortality and morbidity after CABG (60). A 2003 
retrospective, single-center study of 5,000 CABG patients 
(34.1% women) found that operative mortality, stroke, MI, 
low cardiac output, cardiac arrest, renal failure, prolonged 
ventilation, pulmonary edema, reoperation due to bleeding, 
and multiorgan failure were all significantly increased as 
nadir intraoperative hematocrit dropped below 22% (P 
for all <0.001). In addition, the incidence of operative 
mortality was significantly greater with increasing severity 
of hemodilution anemia. On stepwise multivariate linear 
regression, both BSA and female sex were found to be 
independent predictors of the nadir hematocrit.

In a 2001 retrospective analysis of 3,560 consecutive 
CABG patients (30.9% women) by Schwann et al., both 
mortality and adverse cardiovascular events were increased 
among patients with lower BMI (defined as BMI 24 kg/m2 
and below) (61). On univariate analysis, the authors also 
found lower preoperative and postoperative hematocrit in 
those patients with lower BMI (BMI 24 kg/m2 and below). 
Women were disproportionately represented among patients 
at the extremes of BMI, including very low BMI (61).  
The previously discussed 2004 retrospective analysis by 
Guru et al. (15) of over 50,000 isolated CABG patients and 
more than 12,000 women found that female sex conferred 
an increased risk of death within the first year of surgery. 
However, after adjustment for BSA (reported in 13,921 
patients and 3,172 women), female sex was no longer a risk 
factor for early mortality (HR: 1.04, 95% CI: 0.84–1.30; 
P=0.72). Unfortunately, this study did not report on 
perioperative hematocrit, making it difficult to establish 

anemia as a link between small body size and mortality. 
The largest recent study on body size and outcomes in 
cardiac surgery demonstrated the ‘obesity paradox’, given 
that obesity is a risk factor for cardiovascular disease and 
death (62). A 2017 observational study of 401,227 patients 
(23.7% women) undergoing cardiac surgery, obesity was 
associated with decreased mortality in patients with BMI 
25 to 30 kg/m2 (OR: 0.79, 95% CI: 0.76–0.83), BMI 30 to 
35 kg/m2 (OR: 0.81, 95% CI: 0.76–0.86), and BMI 35 to  
40 kg/m2 (OR: 0.83, 95% CI: 0.75–0.94) (62). However, 
there was no stratification within BMI groups by sex. In 
addition, women were again unevenly distributed across 
BMI groups, with the majority of women either being 
in the BMI <18 kg/m2 category (58%) and the BMI 
>40 kg/m2 category (45%) (62). This study also did not 
report on perioperative hematocrit levels, intraoperative 
transfusion requirements, or hemodilution secondary to 
cardiopulmonary bypass. Therefore, it did not clarify if 
body habitus is a surrogate for coronary artery diameter 
or profundity of perioperative anemia and hemodilution, 
nor did it clarify if female sex is a surrogate for body size. 
Further research is needed to clarify the relationship 
between sex, body size, and hemodilution or anemia.

Future directions

The relationship between hemodilution, anemia, sex, and 
body size merits further investigation. While the previously 
discussed studies have examined each of these factors 
independently, a large-scale study is needed to elucidate the 
effect of profound intraoperative anemia and the ensuing 
ischemia and malperfusion suffered by patients undergoing 
cardiopulmonary bypass, and whether there is a subsequent 
sex disparity in outcomes.

It has been a traditionally accepted belief that CABG 
patients’ clinical status is tied to the patency of their grafts 
(understanding, of course, that numerous patient and 
graft-related factors may modulate this relationship) (63). 
Unfortunately, data on this is drawn from older studies; 
few contemporary prospective studies have performed 
systematic graft imaging, and those that have, have yielded 
conflicting results (63-68). In a 2012 post-hoc analysis of 
the PREVENT IV trial including 1,829 CABG patients 
with imaging at four-year follow-up, vein graft failure 
was associated with the composite of death, MI, or repeat 
revascularization (adjusted HR: 1.58, 95% CI: 1.21–2.06; 
P=0.008), but not with death alone (adjusted HR: 1.04, 95% 
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CI: 0.71–1.52; P=0.85), or death and MI (adjusted HR: 1.08, 
95% CI: 0.77–1.53; P=0.65).(67) However, in the SYNTAX-
LE MANS sub-study including 114 CABG patients with 
left mainstem CAD, the composite of death, MI, stroke, or 
repeat revascularization was not significantly associated with 
graft occlusion (P=0.85) at 15-month angiographic follow-
up (69). There is even less data regarding the relationship 
between sex, outcomes, and graft patency. A recent meta-
analysis of 17 studies (eight randomized controlled trials 
and nine observational studies), 8,235 patients, and 14,871 
SVGs found no significant difference in SVG patency 
between men and women (IRR: 0.96, 95% CI: 0.90–1.03; 
P=0.24) at mean follow-up of 33.5 months, a finding that 
challenges the accepted patency-outcomes relationship (70). 
However, of 61.5% of the published studies in graft patency 
were excluded from this meta-analysis: 100 were excluded 
for failing to report patency by sex, and an additional 44 
were excluded by virtue of having less than ten women 
enrolled. More data overall, and more prospective data in 
particular, are needed to better understand the relationships 
between sex, graft patency, and clinical outcomes, especially 
given the relatively higher proportion of women with non-
obstructive CAD when compared with men.

In a recent cross-sectional study of over 1.5 million 
Medicare hospitalizations, patients treated by female 
physicians had lower rates of readmission and mortality 
when compared with male physicians (71). The general 
surgery literature has further examined the issue of patient-
sex concordance. The largest of these studies, by Wallis 
et al. (72), showed that sex discordance between surgeon 
and patient was associated with a significantly increased 
likelihood of the composite of adverse postoperative 
outcomes (adjusted OR: 1.07, 95% CI: 1.04–1.09). Patient 
sex significantly modified this association, with worse 
outcomes for women treated by men in comparison with 
women treated by women (adjusted OR: 1.11, 95% CI: 
1.06–1.16). Overall, women surgeons also had lower 
rates of morbidity and mortality than men. Although the 
aforementioned paper did provide subgroup analyses by 
subspecialty and found that patient-surgeon sex discordance 
was associated with the composite outcome of mortality, 
readmission, or complications (adjusted OR: 1.10, 95% 
CI: 1.06–1.13; P=0.02). However, cardiothoracic cases 
comprised a small proportion of the total included 
cases. Such a study has not been attempted specifically 
in cardiothoracic surgery, a field in which this may be 
particularly salient given the described poorer CABG 
outcomes in women.

Limitations

The limitations of this work must be acknowledged. We 
have conducted a narrative review, which is intended 
to provide an overview and discussion of the evidence 
regarding sex differences in CABG outcomes. Due to both 
space limitations and the nature of a narrative review, factors 
contributing to sex differences in CABG outcomes that 
have limited supporting evidence or for which the evidence 
is mixed may have been excluded from the discussion. 
In addition, the vast majority of randomized cardiac 
surgery trials have been conducted in overwhelmingly 
male populations, limiting the availability of high-quality 
prospective data on outcomes in women after cardiac 
surgery.

Conclusions

Women have worse operative mortality and morbidity 
than men after undergoing CABG, and this disparity has 
persisted over time despite changes and advancements in 
the field of cardiac surgery. The root cause of this problem 
has yet to be elucidated despite prior research into baseline 
patient characteristics and comorbidity, the natural history 
of CAD in women, and sex differences in operative 
technique and the possible adverse effects of profound 
hemodilution and anemia. The relationship between graft 
status and clinical outcomes, between sex and intraoperative 
anemia, and between patient-surgeon sex concordance 
and clinical outcomes have yet to be clearly delineated and 
present promising opportunities for research that may help 
close the outcomes gap between men and women.
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