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Abstract

The role of sex in coronary artery disease (CAD), including its treatment and prognosis, is complex and has been
studied for several decades. It is well known that men and women differ physiologically and that the
pathophysiology of CAD varies between sexes. Additionally, there are sex differences in outcomes after coronary
artery bypass grafting (CABG), with women experiencing worse outcomes than men. A PubMed search was
conducted using terms related to differences between men and women with CAD requiring CABG. We will discuss
the status of CABG in women with respect to preoperative profile, surgical strategy, short- and long-term
outcomes, and quality of life. The leading causes of these differences remain debated. Generally, women are older
and have a greater clustering of risk factors at the time of CABG. In particular, short-term outcomes appear worse
for women, while studies on long-term outcomes are contradictory. Women also report a worse quality of life after
CABG and experience higher rates of depression.
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INTRODUCTION

Cardiovascular disease (CVD) was the second most common cause of death in the Netherlands in the year
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2023. Coronary artery disease (CAD) accounted for 21% of all cardiovascular deaths". The pathophysiology
of CAD is complex and is currently viewed as an inflammatory disorder. Atherogenesis involves a complex
interaction of risk factors, including cells of the arterial wall and blood, as well as the molecular signals they
exchange®. Treatment for CAD depends on the severity of the disease and can vary between medical
treatment, percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG)". The
role of sex in CAD, including its treatment and prognosis, is complex and has been studied for several
decades. There are sex differences in outcomes after PCI and CABG, although the contribution of
sex-related factors remains debated. A systematic review by Hara et al. showed that there was a survival
benefit at 5-year follow-up for women undergoing CABG over women undergoing PCI". Outcomes after
CABG have been improving; a study of 54,425 patients showed significant reductions in 30-day mortality
between 1991 and 1999. However, worse outcomes in women are still reported”. This explains why in both
the European System for Cardiac Operative Risk Evaluation (EuroSCORE) and the Society of Thoracic
Surgeons (STS) score, female sex is included as an independent risk factor'®”. The differences in outcomes
are generally attributed to variations in risk profile in women presenting for surgery. However, we believe
that the cause of this difference is multifactorial. Differences in CAD disease patterns, symptom
presentation, referral biases, and diagnostic challenges hinder timely and accurate diagnosis and treatment
in women.

CAD is still presumed as a predominantly male disease with a major focus on obstructive CAD. As women
more often have non-obstructive CAD and coronary vascular dysfunction, treating CAD in women is
considered more challenging!®. A recent literature review on cardiac surgery in women concluded that they
present later in the disease course, receive less aggressive treatment, and have more residual disease and
lower quality of life after surgery. In addition, the authors address sex disparities in both basic and clinical
research®. Therefore, various treatments are applied with possibly suboptimal results. Mansur et al.
compared CAD treatments in men and women and found similar outcomes for CABG and PCI in female
patients with stable multivessel CAD compared with medical therapy, emphasizing the need for equal
treatment strategies for men and women with stable multivessel CAD".

In this literature review, we discuss CABG in women and the differences in preoperative profile, surgical
strategy, and short- and long-term outcomes.

ANATOMICAL-, PHYSIOLOGICAL- AND PREOPERATIVE RISK FACTOR DIFFERENCES

Female hearts are smaller, lighter, have a smaller left ventricular (LV) diameter, and have narrower calibers
of coronary arteries compared to male hearts"' . Women with CAD generally have a higher LV ejection
fraction"”. These structural differences are related to a generally lower body surface area (BSA) in women.
This does not necessarily imply that, due to smaller coronary artery caliber, female patients are more prone
to CAD. Obstructive CAD remains more common in men"”. Women are more likely to suffer from
coronary artery dysfunction and non-obstructive CAD, and therefore more frequently experience recurrent
or residual anginal symptoms after intervention for obstructive CAD".

Estrogen is thought to have a protective effect on the arterial wall. It affects and transduces signals to genes
that are abundant in vascular tissue and therefore regulates the expression of these genes. Variations in
plasma sex hormones and in genes responsive to these hormones affect vascular smooth muscle cells;
therefore, sex hormones are related to functional and structural differences both between women and
between men and women. The effects of sex hormones on processes such as remodeling, vasodilatation,
platelet aggregation, thrombogenesis, endothelial function, and lipid metabolism influence the
manifestation of CAD in female patients in a positive way">'". These protective effects are generally present
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in women with normal estrogen production up to menopause. The transition is associated with abnormal
endothelial function, specifically in the coronary microvasculature. After menopause, the protective effects
of sex hormones diminish, and the risk of developing both non-obstructive and obstructive CAD increases
over time. In general, women over 65 years still develop obstructive CAD less frequently than men"?..

In addition to traditional CAD risk factors, which are more prevalent in women over 65 years compared
with men of similar age, women also carry sex-specific risk factors. These include polycystic ovarian
syndrome, endometriosis, hypertensive pregnancy disorders, early (natural) menopause, and prior
treatment with radiotherapy or chemotherapy for breast cancer. Such risk factors may predispose women to

[12,17,18]

metabolic disturbances, chronic inflammation, and premature hypertension .

Other conditions unique to women are linked to pregnancy and the peripartum period. These include
hypertensive disorders of pregnancy (e.g., preeclampsia and eclampsia), gestational diabetes, and an
increased risk of coronary or aortic root dissection during pregnancy. Female vessels normally undergo
physiological remodeling during and after pregnancy. However, the peripartum conditions mentioned
above are associated with pregnancy-related hypertension, which makes the remodeling pathological and

19]

linked to various cardiovascular problems!

In women with CAD, the disease burden is often different, and sometimes perceived as lower, than in men.
Women more often have isolated left main or single-vessel disease, whereas men more often present with
multivessel disease™*”. Microvascular disease or angina without flow-limiting epicardial lesions is seen
more frequently in women, Ischemia with non-obstructive CAD (INOCA) is also more frequently seen in
women. When INOCA occurs, a mismatch is seen between oxygen supply and oxygen demand from the
myocardium. This mismatch, when CAD is absent, can be caused by coronary microvascular dysfunction
(CMD) or epicardial coronary artery spasm. Studies have shown that among female patients who are
referred for coronary angiography, between 50%-70% do not have obstructive CAD, while this percentage is
30%-50% in men'™. CMD is not an innocent pathology. It appears to be present in 75% to 81% of Heart
Failure with Preserved Ejection Fraction (HFpEF) patients and might even be one of the treatable causes of
HFpEF**. In the study conducted by Nguyen et al, HFpEF was associated with higher in-hospital
mortality after all types of cardiothoracic surgery™. Women are twice as likely to suffer from HFpEF
compared to men”. Whether CMD plays a role in this difference in incidence remains to be discovered.

Anginal symptoms in women are often considered “atypical”, and these are thought to be the symptoms
with which women with CAD most frequently present”.

A meta-analysis of four large trials showed that among 13,193 patients, including 2,714 women, female
patients were older, more symptomatic, and had a higher prevalence of comorbidities such as diabetes,
hypertension, peripheral vascular disease, a history of congestive heart failure, and previous stroke”**.
These findings are consistent with what is generally described regarding the preoperative risk profile in
women. Men more often had a history of myocardial infarction (MI) and were more likely to be
smokers™ Y. Women generally have better left ventricular function, but they present with a higher New
York Heart Association (NYHA) class and lower functional capacity preoperatively. The onset of CAD in
women typically lags behind men by nearly a decade™.

Certain traditional risk factors for CVD are more common in younger men than in younger women.
However, as a population ages, the typical CVD risk factors mentioned above become more common in
women"”. Young women with CAD might have suffered from peripartum or sex-related risk factors.
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Some of the more traditional risk factors weigh differently for men and women. Obesity, for example,
increases coronary risk by 64% in women and 46% in men"”. Neither obesity nor having a lower BSA
benefits women. Campbell et al. found that among patients with a small BSA (< 1.8 m?), female patients
fared worse than male patients with the same BSA". Diabetes also has a greater adverse impact on women.
Wang et al. found that the pooled relative risk of CVD mortality in patients with diabetes mellitus was 2.42
in women [95% confidence interval (CI): 2.10-2.78] and 1.86 in men (95%CI: 1.70-2.03)". Koch et al.
examined sex differences in preoperative risk factors and found that conditions such as congestive heart
failure, anemia, or a history of MI were associated with a higher risk of mortality after CABG in women

than in men®+*.

PERIOPERATIVE DIFFERENCES

A difference in perioperative care between men and women has been described and might, partially, explain
differences in outcomes. Clayton et al. found that when patients present with unstable angina or (Non)
ST-Elevation Myocardial Infarction (NSTEMI), early intervention with CABG is performed less frequently
in women (30% in men vs. 12% in women). When correcting for disease severity, the odds ratio for
submitting for surgical intervention (women vs. men) was 0.43 (95%CI: 0.26-0.72). This study also described
the outcomes of early intervention compared to conservative treatment. The women had a worse outcome
in the early intervention group compared to the conservative treatment group. Death or non-myocardial
intervention at 1 year appeared in 8.6% of female patients in the early intervention group compared to 5.1%
in the conservative arm (P-value = 0.011). Additionally, the odds ratio for refractory angina for women with
intervention was 1.14 (95%ClI: 0.74-1.76), significantly different from the male patients undergoing early
intervention (P-value = 0.002). In the long-term outcomes of death and MI, there was again a sex difference.
The hazard ratio (HR) for men was 0.61 (95%CI: 0.44-0.85) vs. women 1.09 (95%CI: 0.70-1.71) (P-value =
0.042)11,

DIFFERENCES IN SURGICAL TECHNIQUES

Studies have shown that a difference in surgical technique exists between male and female patients”. These
differences include (in)complete revascularization, the type of conduit used, and the use of on- or off-pump
surgery. The importance of complete revascularization has been extensively described. It reduces
postoperative ischemia, arrhythmias, and heart failure, and leads to improved LV function and preserved
ejection fraction. Additionally, complete revascularization decreases mortality, MI, and the need for repeat
revascularization procedures*>*’. Despite the well-known effects of complete revascularization, it seems that
women still receive relatively fewer grafts compared to men"?. Even after adjustment for the severity of
CAD, women still received significantly fewer grafts (2.55 + 0.9 vs. 2.88 £ 0.9, P = 0.013)""". One study, which
examined the completeness of revascularization among both sexes, revealed that in double vessel disease,
women were more frequently incompletely vascularized (7% female vs. 2% male, P < 0.001)"". The study by
Burgess et al. investigated the burden of incomplete revascularization in women and men among 633
Post-myocardial infarction patients. With the same level of incomplete revascularization, women had
higher rates of cardiac death and MI"\. This emphasizes that complete revascularization is to be achieved in
both men and women, and that incomplete revascularization has an even larger effect on women than on
men. The number of grafts that a patient receives has even been seen as an independent risk factor for worse
outcomes in patients undergoing CABG [HR: 0.78, (95%CI: 0.71-0.87), P < 0.001], even when complete
revascularization is achieved".

TYPE OF GRAFTS AND CONDUITS

In addition to receiving fewer grafts, it seems that the selection of the type of conduit is also different for
women and men'”. Women receive fewer arterial grafts than men. This has been described for all sorts of
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arterial grafts such as left and right internal mammary artery (LIMA and RIMA) and the radial artery, as
well as the combinations of these types of grafts***. Contrary to this, in a more recent national database
study of UK patients undergoing CABG, females received more total arterial grafts as compared to men"’.
These anomalous results may be explained by the fact that women in this study were approximately the
same age as men, whereas women are typically much older when they undergo surgery for CAD.

The benefits of using an internal mammary artery (IMA) graft as the first graft to the left anterior
descending (LAD) coronary artery were discovered in 1986 and have since been extensively described. This
has been attributed to the graft’s excellent patency rate”'!. Several studies have demonstrated a reduced use
of IMAs in female patients, which could worsen long-term outcomes for female patients. However, a large
meta-analysis by Gaudino et al. demonstrated, using propensity matching, that the use of multiple arterial
grafts (MAG) was associated with a reduction in major adverse cardiovascular and cerebral event (MACCE)
in men, an effect that was not seen in women'. Therefore, the question remains whether the known
benefits of using arterial grafts, such as LIMA/RIMA or the radial artery, are the same for women as for
men.

Female IMAs are even thought to be physiologically different from male IMAs and could therefore
contribute to worse outcomes in female CABG patients. Lamin et al. reported that female IMAs are more
sensitive to serotonin-induced vasoconstriction and are therefore more prone to spasm™’.

Recently published American College of Cardiology/American Heart Association/Society for
Cardiovascular Angiography and Interventions coronary artery revascularization guidelines suggest that the
radial artery should be used as a second conduit rather than the saphenous vein. Studies have reported a
patency rate for radial artery conduits similar to that of the IMA and have shown that using the radial artery
as a second conduit significantly improves 5-year outcomes in women"". Dimitrova et al. demonstrated in
2013 an improved 15-year survival in women who received a radial artery conduit™™”.

Long-term results in 310 radial artery grafts showed that the radial arteries had the lowest patency rate
compared to IMA and saphenous vein grafts (SVGs). This study also demonstrated a significantly worse
patency rate for radial artery grafts in women (38.9% vs. 56.1%, P-value = 0.025) and the female sex was
independently associated with severe disease or occlusion of the radial artery. It is of note that there is a
strong selection bias in this study as angiography was performed predominantly in symptomatic patients or
when signs of recurrent ischemia were seen”*”. Women have a lower BSA and body mass index (BMI), have
smaller coronary arteries and have also been shown to have smaller conduit arteries, such as the radial
artery, even when indexed for BMI*”. The smaller size of both the conduit and the coronaries could
increase the difficulty of arterial revascularization in women and could be a reason why SVGs are the most
commonly used conduits in women, despite a poorer patency rate and a higher susceptibility to occlusion
compared to arterial grafts”®*. Women carry several risks that make them more prone to graft occlusion,
including diabetes and small target coronary arteries. Whether female sex is associated with higher graft
occlusion rates remains a matter of debate. Some studies demonstrate similar patency rates for SVGs in
women and men; however, other studies report a significantly higher one-year angiographic occlusion rate
of SVGs in women than in men (23.3% vs. 12%; P = 0.02). In contrast, one study showed that the radial
artery had a lower one-year angiographic occlusion rate in women compared to men, although this was not
statistically significant (5.3% vs. 8.6%; P = 0.06)"".
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OFF-PUMP CORONARY ARTERY BYPASS VERSUS ON-PUMP CORONARY ARTERY
BYPASS

Off-pump coronary artery bypass (OPCAB) surgery in women remains an ongoing topic of debate. A
review published by the STS Workforce on Evidence-Based Surgery suggests that there is insufficient
evidence to demonstrate the superiority of OPCAB over on-pump coronary artery bypass (ONCAB) in
women'. This was confirmed by a more recent systematic review, which included four trials and 13,193
patients. Again, no significant difference in outcomes was associated with OPCAB surgery, neither in men
nor in women. In a systematic review that included 23,313 patients, Attaran et al. showed that there was no
significant difference in 30-day mortality among female patients receiving OPCAB vs. ONCAB surgery'*”.

In the study by ter Woorst et al, however, a decrease in perioperative MI was observed in women
undergoing OPCAB. This suggests that OPCAB does not reduce 30-day mortality but does decrease short-
term morbidity in female patients'”. Further research on the effect of OPCAB in women is needed to
determine whether this technique is truly beneficial. The GOPCAB trial showed no difference in outcomes
for women (> 74 years of age) undergoing either on-pump or off-pump surgery*”. As previously indicated
by Puskas et al., experience is crucial in OPCAB surgery. In more experienced centers, mortality is lower
than in less experienced centers, and this applies to both men and women'*”. A recent interesting study of
Anwar et al. showed that, in an unmatched cohort, women had an increased cardiovascular mortality and
inferior MACCE-free survival compared to men. After propensity matching, men and women had a similar
outcome on cardiovascular mortality and MACCE-free survival’. The latter suggests that a worse outcome
is determined by more risk factors in women compared to men.

Nathoe et al. found that female sex was independently associated with an increased risk of perioperative MI
during off-pump surgery, again contradicting the claim that women benefit more from OPCAB than men.
However, among patients who experienced a perioperative MI, the risk of adverse cardiac events one year
after OPCAB was greater in men than in women {odds ratio [95%CI] = 6.20 [1.36-28.24], P = 0.02}/". In a
review by Lopes et al., male patients had a higher risk of excessive blood loss after any type of cardiac
surgery. However, the authors also describe factors more frequently present in women - such as lower BMI
and diabetes mellitus - that increase the risk of excessive postoperative blood loss'*”. On the contrary,
Shehata et al.'”’ found that women receive more blood transfusions than men. Female sex was a factor
associated with a two-fold increase in red blood cell transfusion in a systematic review of 21 studies. The
study by Wang et al. demonstrates that the incidence of reintervention for bleeding or cardiac tamponade
was lower in female patients than in male patients after CABG surgery™.

SHORT-TERM OUTCOMES AFTER CABG

Differences in preoperative risk profiles between men and women have been extensively described.
However, contradictory results remain regarding short-term postoperative outcomes. Gaudino et al."””
reported no sex difference in perioperative mortality after CABG, although a higher incidence of
perioperative MI was observed in women (6.3% vs. 5.2%). Findings regarding mid-term outcomes have also
been inconsistent. This meta-analysis reported similar all-cause mortality for men and women; however,
women had a significantly higher risk of MACCE during 5-year follow-up®. Another large meta-analysis
reported a 12% higher risk of MACCE after CABG in women, as well as a 30% higher risk of MI and a 22%
higher risk of repeat revascularization compared with men?. Other studies, including a systematic review
by Kim et al., found a higher in-hospital all-cause mortality for women after coronary revascularization
(Both PCI and CABG)"". An Ontario-based study of 54,425 patients demonstrated a higher 30-day
mortality rate among female patients, even after risk adjustment”. Ter Woorst et al. found that early
mortality after CABG was significantly higher in female patients than in male patients™".
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The study by Dalen et al. (2019) examined younger women undergoing CABG, a group known to have
worse postoperative outcomes. Short-term results indicated poorer outcomes in women < 50 years;
however, after risk adjustment, this difference was no longer observed. The study also reported a higher rate
of repeat revascularization in younger women in the short-term analysis".

A recent national database study from the United Kingdom demonstrated that the odds of 30-day mortality
were increased for women, not only in those undergoing CABG but also in those undergoing aortic valve
replacement (AVR) and mitral valve replacement (MVR) surgery. This study also found that female sex is
an independent risk factor after adjustment for other risk factors in patients undergoing CABG. Female
patients additionally had an increased risk of postoperative dialysis, deep sternal wound infections, and
extended length of hospital stay compared with males. Female patients had a lower risk of postoperative
bleeding leading to re-operation. There were no sex-related differences in postoperative cerebrovascular
accidents (CVA)®,

Den Ruijter et al. found that women had worse outcomes after CABG, mainly driven by a higher percentage
of women suffering from unstable angina, coronary revascularization, and congestive heart failure*’. A
higher prevalence of congestive heart failure among women in the immediate postoperative period was also
described by Jacobs et al.".

LONG-TERM OUTCOMES AFTER CABG

The study by Hara et al. reported a higher all-cause mortality rate in women at 10 years after both PCI and
CABG. However, after adjustment for baseline characteristics, female sex was not a predictor of all-cause
mortality at 10 years'". Similarly, an earlier study by Koch et al. found no significant sex differences in
long-term mortality after risk adjustment”. Guru et al. reported that female sex was associated with an
increased mortality risk in the first year after surgery; however, this association was no longer present
beyond the first year after CABG".. Several recent studies also did not find higher all-cause mortality or
MACCE in women at 3-year follow-up”"**. Jacobs et al.'*! described a higher level of angina among women
4 years after bypass surgery. Furthermore, repeat revascularization was more frequent in women (relative
risk 1.74; P = 0.043). This study found that women had a lower risk of death at 5 years compared with men.
There were a few studies that found that, among patients receiving CABG, women appeared to have
significantly lower all-cause mortality and cardiovascular mortality compared to men®*. The study by
Vaccarino et al. demonstrated that there were more female patients with angina pectoris six weeks after
CABG (6.0% in females vs. 2.3% in males; P = 0.002)""". Residual or recurrent angina is also more common
in women undergoing PCI. It is believed that the higher percentage of female patients suffering from angina
after intervention is due to several factors: sex-related differences in coronary artery anatomy, differences in
CAD pathophysiology, and differences in both the presentation and treatment of CAD in women"”. A
recent meta-analysis by Kirov et al., involving 142,165 patients, showed that survival of CABG patients was
similar to that of the general population during the first 10 years after surgery. After 20 years, survival is
worse in the CABG group compared with the general population. Direct comparison of men versus women
suggests that long-term (19-year) survival was slightly better in women (HR: 1.04, 95%CI: 1.01-1.08). This
difference is speculated to be due to graft occlusions™. Evidence for a difference in long-term survival for
female patients undergoing CABG appears even more contradictory than the evidence for differences in
short-term survival and complications”™. This raises the questions: why is there a more pronounced
difference in outcomes between men and women in the short-term period, and why is this less evident in
long-term survival?
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QUALITY OF LIFE

In addition to outcomes related to mortality, residual functional status and quality of life are expected to
improve after CABG, especially in patients undergoing surgery to relieve symptoms. Studies have shown
that, at baseline, women have significantly lower activity status than men. Activity status is measured using
the Duke Activity Status Index (DASI), a questionnaire assessing daily activities by their metabolic cost.
After surgery, activity status increases considerably for both men and women; however, a significant
difference remains between sexes (DASI scores: men 51-58, 56.7% vs. women 31.7%). This difference
persisted after adjustment for preoperative DASI scores, risk factors, postoperative complications, and
propensity matching”. Women also have worse functional and mental status postoperatively. A review
by Vogel et al. emphasizes that female sex is a predictor of residual angina after coronary
revascularization"”.

Depression after CAD, if left untreated, can significantly worsen patient prognosis”™. Depression following
CABG is more common in women than in men. A literature review reported that one week after CABG, the
frequency of depression in women was more than double that of men (42.4% vs. 19.5%). Evaluation at six
months showed a similar pattern, with 40.7% of women exhibiting depressive symptoms consistent with a
potential diagnosis of depression, compared with 21.8% of men"". The review also described a correlation
between sex and mortality among patients with depression: men diagnosed with depression had a 1.6-fold
higher mortality risk, while women had a 2.0-fold higher risk of death after a post-CABG depression
diagnosis””. In some cases, women experience postoperative residual or recurrent angina. Decreased quality
of life and reduced functional status after surgery occur more frequently in women than in men. When
unrecognized, these factors may contribute to a higher number of women being diagnosed with depression.

In addition to historically lower referral rates for female patients with anginal symptoms, differences in
pathophysiology, treatment, and outcomes, and there is also a disparity in referral to cardiac rehabilitation
(CR) programs after coronary intervention"””. CR programs are associated with improved CVD risk factor
management, reduced hospital readmissions, and lower mortality. Additionally, CR positively influences
quality of life and exercise capacity. Unfortunately, studies have shown sex disparities in both referral and
attendance in CR programs”®”. Li et al. demonstrated that female patients are 12% less likely to be referred
for CR, even though CR provides similar - and possibly greater - mortality benefits in women compared
with men"™. This represents a missed opportunity to improve survival after CABG in women. Reasons
women are less likely to be referred to, attend, or complete CR include greater transportation challenges,
family responsibilities, higher burden of comorbidities, and perceptions that exercise is too tiring or
painful”.

CONCLUSION

Over the years, evidence of differences in pathophysiology, symptom presentation, treatment, and outcomes
of CAD in women and men has been accumulating. Female sex has therefore been included in the most
commonly used risk scores for calculating operative risks in cardiac surgery. However, discussions persist
concerning the underlying mechanisms leading to worse outcomes for female patients after CABG. Studies
suggest that the more complex risk profile with which women present contributes to these outcome
differences.

In this contemporary review of the literature, we found little evidence suggesting that female sex alone
accounts for the higher mortality and morbidity rates in women. We emphasize that sex disparities in
outcomes after CABG are multifactorial.
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Differences in the presentation and pathophysiology of CAD result in less effective treatment by CABG, as
the procedure has little or no effect on INOCA or microvascular disease, which are more common in female
patients. In addition, when women undergo CABG, they are treated differently than men: they receive fewer
arterial grafts, appear to have fewer anastomoses, and the use of the OPCAB technique differs between
sexes. In the postoperative period, female patients receive more blood products and generally have longer
intensive care unit (ICU) and hospital stays.

Short-term outcomes after CABG are especially worse in women. The 30-day postoperative mortality rate
appears higher, and women seem to have more perioperative MI, reinterventions, and congestive heart
failure.

Regarding long-term outcomes, women appear to have similar or even better outcomes compared with men
when adjusted for risk factors. However, recurrent or residual angina and reintervention are more common
in women than in men.

We also addressed sex differences in quality of life, depression, and CR participation, all of which influence
mortality in female CABG patients.

In conclusion, we aimed to describe evidence for disparities in outcomes between men and women
undergoing CABG. We emphasize the multifactorial nature of these disparities and hope to inspire further
research on how women with CAD should be managed. Eliminating these disparities remains a challenge,
requiring tailored treatment at all stages of disease for women with CAD.

Future perspectives

It is well known that women and men are physiologically different, and CAD manifests differently in the
two sexes. Women more frequently suffer from microvascular disease or INOCA, for which CABG is not
effective. However, treatment for severe obstructive CAD remains the same for men and women. This
review highlights these differences and aims to inspire further research into the surgical treatment of CAD
in women. More research is needed to determine which techniques are most effective for women and men -
for example, which grafts are best suited for women.

It is important to establish whether women are treated according to guidelines, and whether these
guidelines are equally applicable and optimal for female patients requiring CABG. Further questions - such
as “Should we use OPCAB or conventional CABG in women?” or “Should the same transfusion thresholds
apply, and are arterial grafts equally beneficial in women as in men?” - remain unanswered. Addressing
these questions could help narrow the knowledge gap regarding female CABG patients and, in the future,
reduce disparities in outcomes by enabling tailored treatment for women with CAD. Current clinical
recommendations may suggest treating women the same as men, but women’s anatomy differs, and in some
cases, further investigation into the underlying causes of coronary heart disease is warranted.
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