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Coronary surgery in women: How can we
improve outcomes
Brittany A. Zwischenberger, MD,a Oliver K. Jawitz, MD,a and Jennifer S. Lawton, MDb
An example of operating room team–patient sex
concordance.

CENTRAL MESSAGE

Strategies must be developed to
reduce mortality in women un-
dergoing CABG with a focus on
unique risk factor treatment, in-
clusion of women in research,
and adherence to guideline-
directed care for all.

See Commentaries on pages 129 and 131.
This Invited Expert Opinion is based on the presentation by
Dr Jennifer Lawton at the 2021 American Association for
Thoracic Surgery Meeting, International Coronary
Congress Session. In this opinion, we consider the factors
that contribute to the differences in outcomes after coronary
artery bypass grafting (CABG) between women and men to
provide strategies to optimize outcomes in women.

Data to adequately inform coronary artery revasculariza-
tion in women are limited. The initial data available to
inform the treatment of women with coronary artery disease
were based on randomized controlled trials that evaluated
outcomes only in men.1,2 Women have had lower rates of
CABG compared with men (�13%-16% in the late
1970s3,4) to 29% in 2014.5 In addition, there was a greater
relative decline in the use of CABG in women between
1999 until 2014 (66% decline in women vs 60% in
men).5 Thus, treatment decisions for women with coronary
artery disease have been based on data that are limited and
may not be applicable, appropriate, or optimal.

Fortunately, to ensure that the National Institutes of
Health (NIH) is funding the highest quality science, the
NIH now requires that rigor and transparency be addressed
in every grant application submitted. This information re-
quires a response to the consideration of relevant biolog-
ical variables, including sex. The NIH states that “sex is
a biological variable that is frequently ignored in animal
studies and analyses, leading to an incomplete understand-
ing of potential sex-based differences in basic biological
function, disease processes and treatment response” and
that “strong justification from the scientific literature, pre-
liminary data, or relevant considerations be provided for
applications proposing to study only one sex.”6 The goal
of this requirement is to increase the use of female animals
in basic science experiments as well as to increase the
number of women enrolled in clinical trials to inform the
best clinical care.
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WOMEN ARE DIFFERENT FROM MEN
Cardiovascular disease (CVD) remains the number

one killer of women, and more women than men died
of CVD between 1984 and 2012 (Figure 1).7 Women
have unique cardiovascular risk factors, including
gestational diabetes, preterm delivery under 37 weeks
gestation, hypertensive disorders of pregnancy,
autoimmune disease, and breast cancer treatment.
Diabetes and depression may be more powerful risk
factors in women than in men.8-10

In addition, women tend to present with CVD at an age
that is 10 years older than men, are more likely to have
atypical symptoms of angina, are more likely to have
multiple risk factors and comorbidities, present more often
with silent myocardial infarction and sudden death, are
more likely to die within 1 year after myocardial infarction,
are more likely to have emergency presentation and a more
severe angina class, have greater disabling symptoms
despite less extensive CAD, are less likely to undergo
electrocardiography, cardiac catheterization, or revascular-
ization, are less likely to receive antiplatelet drugs,
beta-blockers, angiotensin-converting enzyme inhibitors
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FIGURE 1. CVD mortality trends for US men and women 1980 to 2018. More women than men died of CVD between 1984 and 2012. Reproduced from
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or statins, and are less likely to be referred for cardiac
rehabilitation compared with men.8,9,11-14

Thus, because women tend to be different from men who
present forCABG,propensitymatchingwomenwhoundergo
CABG with men has been challenging, with only 26% of
women and only 8% of men matched in one study,15-17

and unique and specific gender profiling has been described
for women to highlight differences from men.18

In the past, the lack of physician knowledge regarding
risk factors in women and the classification of women at a
lower risk category for CVD than men despite a similar
calculated risk have led to the under-recognition and
treatment of women with CVD.8

Knowledge of the unique risk factors and presentation of
women with CVD will provide earlier diagnosis and
potentially improve revascularization options and
outcomes. This is vital because CABG remains the
revascularization of choice in patients with complex left
main coronary artery disease (CAD), complex multivessel
CAD (especially in patients with diabetes mellitus), and
reduced left ventricular function.
OPERATIVE MORTALITY IN WOMEN
COMPARED WITH MEN

Many unadjusted observational studies comparing
operative mortality between women and men have
suggested higher operative mortality in women undergoing
CABG.19-21 However, observational studies with risk factor
adjustment demonstrate contradictory findings,13-22 and
propensity-matched comparisons have demonstrated no
difference in operative mortality between matched pairs
of women and men.16,17

In 3 large contemporary reports (ranging from 1.8 to 3.8
million patients each), women comprised a lower percent-
age of overall CABG use and a higher operative mortality
after CABG.5,23,24 Using the National Inpatient Sample
database, Mahowald and colleagues24 demonstrated a
consistently higher in-hospital mortality before and after
propensity matching in women undergoing CABG after
myocardial infarction, compared with men between 2003
and 2016 in 3.6 million patients (33% women). Also using
the National Inpatient Sample, Mohamed and colleagues24

found declining mortality in all patients (2.5 million, 28%
women) over time (2004-2015) after CABG; however,
mortality was persistently higher in women, even after
adjustment for risk factors, and women had a 43% increased
odds of mortality compared with men.23 In 1.8 million
Medicare beneficiaries between 1999 and 2014, Angraal
and colleagues5 found that women consistently had a lower
rate of CABG use and higher in-hospital, 30-day, and 1-year
mortality compared with men for all years evaluated. There-
fore, summarizing the more contemporary and larger
studies, wemust conclude that women have a higher mortal-
ity compared with men undergoing CABG.
DIFFERENCES IN MORTALITY RELATED TO
PATIENT DIFFERENCES AND SURGICAL
STRATEGIES
The difference noted in mortality between women and

men is likely multifactorial. As surgeons, it is imperative
JTCVS Techniques c Volume 10, Number C 123
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for us to determine if perioperative factors are in part
responsible and if we can alter any potential biases and
practices.

In 2005, the Society of Thoracic Surgeons (STS)
published practice guidelines for CABG in women.25 These
guidelines included recommendations to use of at least 1
internal thoracic artery (ITA), maintain perioperative blood
glucose levels in the range of 100 to 150 mg/dL, maintain
adequate intraoperative hematocrit levels, tailor anesthetic
management and sedation to body size, maintain a
euthyroid state in hypothyroid women during surgery, and
do not use hormone replacement therapy in postmenopausal
women.25

We systematically evaluate the preoperative, intraopera-
tive, and postoperative phases of care in women undergoing
CABG in an effort to identify potential strategies to
optimize care. Use of guideline-directed therapy
(evidence-based medicine) for all phases of care is obvious,
but warrants stating.
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FIGURE 2. Algorithm for use of arterial grafts in women. All arterial

grafting should be considered for each patient (regardless of sex) with

the use of a simple bedside algorithm that will optimize conduit selection

for improved outcomes, as women derive similar benefits from arterial

grafting as men. Adapted from figure from Lawton JS. Commentary: one

artery does not fit all: tailoring the operation to the patient. JTCVS Open

March 2021. https://www.jtcvsopen.org/article/S2666-2736(20)30211-4/

pdf. BITA, Bilateral internal thoracic artery; BMI, body mass index;

LITA, left internal thoracic artery.
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PREOPERATIVE STRATEGIES
It is intuitive that guideline-directed optimal medical

therapy should be used before CABG. In the preoperative
phase, attention to and optimization of comorbidities such
as hypothyroidism and diabetes mellitus are important, as
in any patient before CABG. Optimal conduit selection is
also important. We should evaluate each patient with the
intent to use all arterial grafts, if possible, and this is partic-
ularly important in women (Figure 2).26 Multiple studies
dating back to 1999 have documented lower use of arterial
grafts in women, including use of the left internal thoracic
artery (LITA), right internal thoracic artery, and radial ar-
tery.16,27-31 In addition, a higher use of BITA and a
greater increase of BITA, 2 arteries, or 3 or more arteries
over time has been demonstrated in men compared with
women after propensity matching in one study.31

Additionally, in 1.2 million patients (25% women)
undergoing first-time isolated CABG from the STS
database from 2011 to 2019, women were significantly
less likely to receive LITA, BITA, or radial grafts, even after
adjustment32 (Figure 3).
INTRAOPERATIVE STRATEGIES
Women consistently have been shown to receive fewer

grafts and less completeness of revascularization compared
with men,16,27,28,33,34 which is likely associated with
reduced long-term survival.35 In the large STS database
study mentioned, Jawitz and colleagues32 found that female
sex was also associated with a lower odds than male sex of
undergoing complete revascularization. Thus, deliberate ef-
forts should be made to provide complete revascularization
in women.

Large retrospective studies with multivariable regression
and propensity matching between women and men have
suggested that women who undergo CABG off pump
have mortality that is similar to that of men and that women
may derive a greater benefit from off pump techniques than
men.21,36-39 This is consistent with the fact that women are
thought to be a high-risk subgroup of all patients undergo-
ing CABG.

Many surgeons cite smaller body size and coronary artery
size as reasons why women do not receive arterial grafts or
complete revascularization. This reasoning is not intuitive,
because off-pump CABG is generally thought to be more
technically challenging; thus, why would women then
have similar outcomes to those of men with the use of
more challenging technique? Also, Vaccarino and
colleagues40 demonstrated that the mortality difference
between men and women decreases with age, yet coronary
artery size does not increase with age. Aldea and
colleagues28 noted that the time to construct a distal
anastomosis was similar between women and men, suggest-
ing a similar technical challenge for each anastomosis.

https://www.jtcvsopen.org/article/S2666-2736(20)30211-4/pdf
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FIGURE 3. Lower use of arterial grafts in women and men Between 2011 and 2019. The graph depicts BITA (solid lines), LITA (dotted lines), and radial

artery graft (dashed lines) use in women (red lines) and men (blue lines) undergoing CABG from 2011 to 2019 from the STS database (1,212,487 patients).

Y axis on left for BITA and radial use. Y axis on right for LITA use. Use of LITA (95.6% in men, 93.6% in women), use of BITA (5.6% in men, 2.9% in

women), and use of radial artery (5.6% in men, 3.2% in women) all significantly different (P<.01) after adjustment formale versus female use.Womenwere

less likely to receive a LITA graft with an adjusted odds ratio of 0.79 (95% confidence interval, 0.75-0.83,P<.0001), and women were less likely to undergo

multiarterial grafting with an adjusted odds ratio 0.78 (95% confidence interval, 0.75-0.81, P<.0001). Adaptation of figure from Jawitz OK, Lawton JS,

Thibault D, O’Brien S, Higgins RSD, Schena S, et al. Sex differences in coronary artery bypass grafting techniques: a STS database analysis. Ann Thorac

Surg. 2021:S0003-4975(21)01250-9. BITA, Bilateral internal thoracic artery; CI, confidence interval; LITA, left internal thoracic artery; OR, odds ratio.

Zwischenberger, Jawitz, Lawton Special Issue of Invited Presentations: Adult: Coronary: Invited Expert Opinions
POSTOPERATIVE STRATEGIES
After CABG, guideline-directed optimal medical therapy

and other recommended therapies such as tobacco cessation
counseling and cardiac rehabilitation should be prescribed
for women, similar to men. The lack of physician awareness
regarding unique risk factors in women, the fact that women
are less likely to be referred for cardiac rehabilitation, and
the underuse of secondary prevention medications in
women contribute to suboptimal outcomes.8,12,14 Based
on the NIH large randomized trial, the Women’s Health
Initiative and the HERS Trial and HERS II follow Trial,
exogenous estrogen administration is a Class III–Harm
TABLE 1. Strategies to reduce mortality in women after coronary

artery bypass grafting

Include animals of both sexes in basic science research to understand

physiologic differences

Use guideline-directed optimal medical care

Use guideline-directed revascularization strategies including use of

arterial conduits

Enroll more women in clinical trials

Surgeon specialization in coronary surgery for women

Establish centers for specialization in the treatment of women with

cardiovascular disease
recommendation and should not be prescribed to women
for heart disease prevention.12,41,42

Beginning in 2004, the American Health Association
provided evidence-based guidelines for CVD prevention
in women43 that can be used to provide optimal care after
CABG.
OPTIMIZATION OF OUTCOMES: THE FUTURE
Many strategies may be used to reduce mortality in

women after CABG (Table 1). These include the use of
guideline directed optimal medical care, use of guideline-
directed revascularization strategies, enrollment of women
in research, surgeon specialization in coronary surgery,
and the creation of centers for specialization in the treat-
ment of women with CVD.
The use of guideline-directed optimal medical care is

imperative for all patients who undergo CABG. This
includes postoperative therapy guided to prevent future
cardiovascular events and focus on psychosocial issues.
Likewise, the use of guideline-directed revascularization
strategies will ensure that women receive beneficial
revascularization strategies that will prolong survival and
reduce future cardiovascular events. As mentioned, female
sex was associated with 14% to 22% lower odds of
undergoing guideline concordant revascularization
including use of LITA, multiarterial grafting, and complete
JTCVS Techniques c Volume 10, Number C 125



FIGURE 4. Examples of patient and physician sex concordance and sex-specific cardiovascular care. A, Photograph from Dr Lawton’s operating room

with all female staff: surgeons, perfusionist, nursing, physician assistants, anesthesiologists, and patient. B, Female physicians who treat CVD in women

at the Women’s Cardiovascular Center, John’s Hopkins Hospital and University. Back left to right: Dr Allison Hayes, Dr Julie Miller, Dr Erin Michos, Dr

MonicaMukherjee, Dr PamOuyang, Dr Shilpi Ahmed; front left to right: Dr Caitlin Hicks, Dr Tigist Hailu, Dr Garima Sharma, Dr Jennifer Lawton, Dr Tala

Al-Talib, Dr Wendy Post. Photo by Keith Weller, Johns Hopkins School of Medicine.
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revascularization in a large STS database study.32 This sub-
optimal care is not warranted because women have been
shown to derive the same benefits as men from these proven
strategies: survival benefit to single ITA, BITA, and
complete revascularization similar to that in men30,34; radial
artery protective in women and patency better than vein44;
and improved survival with radial artery in women.29

Women should be enrolled in clinical trials and both
sexes of animals should be used in basic science research
to adhere to NIH Rigor and Reproducibility recommenda-
tions, regardless of funding source. This will add important
information that will inform and improve the future care of
both women and men with CVD.

Patients who currently present for CABG have more co-
morbidities and a higher percentage have had percutaneous
intervention than in prior years.45-47 LaPar and colleagues48

suggest that an expected isolated CABG mortality of less
than 1% can be achieved in only 60% of patients. We pro-
pose that surgeon specialization in coronary surgery of
women should be considered because surgeons are treating
sicker patients while at the same time being faced with
mandated transparency, intense scrutiny, and public report-
ing of outcomes.

Surgeon specialization in coronary surgery has been
associated with reduced mortality rate, reduced operative
time, increased use of BITA, more distal anastomoses,
and improved survival49-51 and super specialization
within cardiac surgery has been suggested to improve
outcomes.52-54 By tailoring the operation to the patient
and the surgeon, specialized surgeons regularly consider
issues relating to quality, they have a desire to improve
the status quo, they conduct research in the field, they are
more likely to be abreast of the newest literature and
technology, they push innovation, they will improve
education of trainees, and they will advocate for best
practices.
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The ultimate specialization is the innovative idea of
surgeon and patient sex concordance (female surgeon
and female patient) (Figure 4, A). Improved outcomes
in patients after myocardial infarction have been
described with patient and physician concordance,55

and female patients with CVD are more likely to
receive guideline-recommended care when treated with
a female physician.56 Likewise, centers of specializa-
tion or the regionalization of optimal care for women
with CVD may be beneficial (Figure 4, B). This allows
for centralization of services, improved outcomes, and
the ability to rescue patients with potentially bad
outcomes.57

CONCLUSIONS
To improve outcomes after CABG in women, knowledge

of the differences between women and men with CVD is
essential, more research is needed in women, and we as sur-
geons must strive to give all of our patients the best
evidence-based medical care.
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