Cardiac surgery

Giovanni Filardo,1 Baron L Hamman,2 Benjamin D Pollock,1 Briget da Graca,1
Danielle M Sass,1 Teresa K Phan,1 James Edgerton,3 Syma L Prince,4
W Steves Ring5

To cite: Filardo G,
Hamman BL, Pollock BD,
et al. Excess short-term
mortality in women after
isolated coronary artery
bypass graft surgery. Open
Heart 2016;3:e000386.
doi:10.1136/openhrt-2015000386

Received 11 December 2015
Revised 21 January 2016
Accepted 14 February 2016

1

Department of
Epidemiology, Office of the
Chief Quality Officer, Baylor
Scott & White Health, Dallas,
Texas, USA
2
Department of
Cardiothoracic Surgery,
Baylor Heart and Vascular
Institute, Baylor University
Medical Center, Dallas, Texas,
USA
3
The Heart Hospital Baylor,
Plano, Texas, USA
4
Cardiopulmonary Research
Science & Technology
Institute, Dallas, Texas, USA
5
Department of
Cardiothoracic Surgery, UT
Southwestern Medical Center,
Dallas, Texas, USA
Correspondence to
Dr Giovanni Filardo;
giovanfi@baylorhealth.edu

ABSTRACT
Objective: Female sex is considered a risk factor for
adverse outcomes following isolated coronary artery
bypass graft (CABG) surgery. We assessed the
association between sex and short-term mortality
following isolated CABG, and estimated the ‘excess’
deaths occurring in women.
Methods: Short-term mortality was investigated in
13 327 consecutive isolated CABG patients in North
Texas between January 2008 and December 2012. The
association between sex and CABG short-term
mortality, and the excess deaths among women were
assessed via a propensity-adjusted (by Society of
Thoracic Surgeons-recognised risk factors) generalised
estimating equations model approach.
Results: Short-term mortality was significantly higher
in women than men (adjusted OR=1.39; 95% CI 1.04
to 1.86; p=0.027). This significantly greater risk
translates into 35 ‘excess’ deaths among women
included in this study (>10% of the total 343 deaths in
the study cohort) and into 392 ‘excess’ deaths among
the ∼40 000 women undergoing isolated CABG in the
USA each year.
Conclusions: The higher risk associated with female
sex lead to 35 ‘excess’ deaths in women in this study
cohort (over 10% of the total deaths) and to 392
‘excess’ deaths among women undergoing isolated
CABG in the USA each year. Further research is needed
to assess the causal mechanisms underlying this sexrelated difference. Results of such work could inform
the development and implementation of sex-specific
treatment and management strategies to reduce
women’s mortality following CABG. Based on our
results, if such work brought women’s short-term
mortality into line with men’s, total short-term
mortality could be reduced by up to 10%.

INTRODUCTION
Men and women present for coronary artery
bypass graft (CABG) surgery with very different proﬁles: women are generally older and
have more signiﬁcant comorbidities1–5 and
more urgent/emergent surgery,1 3 but have
less extensive disease patterns requiring less

KEY QUESTIONS
What is already known about this subject?
▸ Previous studies comparing outcomes for men
and women following coronary artery bypass
graft (CABG) surgery show inconsistent and
contradictory results, ranging from higher mortality among women, to a protective effect of
female sex. Among those reporting higher mortality for women, inconsistent conclusions have
been reached as to whether it stems from risks
inherent to their sex or from worse preoperative
risk profiles.

What does this study add?
▸ This study provides evidence that female sex
itself is associated with higher risk of mortality
in CABG. Based on this higher risk, it estimates
that an ‘excess’ 392 deaths occur among
women undergoing isolated CABG in the USA
each year.

How might this impact on clinical practice?
▸ These results show that a meaningful number of
women’s lives will be impacted by research
aimed at uncovering the causes underlying their
higher risk of CABG mortality and developing
sex-specific
management and treatment
approaches that offer them an equivalent chance
of survival to men.

revascularisation1–3 and shorter cross clamp
times.1 Despite female sex being among the
risk factors included in both the Society of
Thoracic Surgeons (STS)6 and EuroSCORE
risk models,7 8 the question of whether—and
how—sex independently impacts outcomes
following CABG continues to be raised, with
large, recent studies that take patient risk
factors into account showing contradictory
results.1 3 5 9 Resolving this question is important because, if female sex is an independent
risk factor for poorer outcomes, sex-speciﬁc
strategies for treatment and management
may need to be developed to offer men and
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METHODS
This multicentre, retrospective, cohort study included all
consecutive patients who underwent isolated CABG from
January 2008 to December 2012 in a hospital participating in the Texas Quality Institute (TQI). Through TQI,
32 of the 34 cardiac surgery programmes in North Texas
region share the data submitted to the STS National
Adult Cardiac Surgery Database6 with the Dallas-Fort
Worth Hospital Council, where they are combined into a
single registry and paired with administrative/claims
data, enabling long-term comparative effectiveness, costeffectiveness and quality outcomes research.10 11
After excluding patients with previous valve surgery
(n=28), preoperative endocarditis (n=13) and/or a ventricular assist device (n=0), the ﬁnal study cohort consisted of 13 327 consecutive isolated CABG patients.
Means, SDs and percentages were calculated to
describe the study cohort. Differences in demographic
and clinical details were assessed with a Wilcoxon test
for continuous factors and a χ2 test for categorical
factors. A Bonferroni correction was applied to account
for multiplicity.
The STS deﬁnition for operative mortality was applied
for short-term mortality: the patient died during the
operation, during the subsequent hospital stay, or within
30 days from surgery. To assess the adjusted association
between sex and post-CABG short-term mortality, so that
the excess deaths associated with female sex could be estimated, we used a propensity-adjusted generalised estimating equations model approach.12 13 The propensity
adjustment accounted for risk factors recognised by the
STS;6 these factors are listed in table 1. A restricted cubic
spline function with ﬁve knots was used to ﬁt the propensity score as an independent variable in a generalised estimating equations model with short-term mortality as the
dependent variable and sex as the independent variable.
Multiple imputation of all covariates used in the propensity model was done by Markov Chain Monte Carlo simulation,14 15 to account for missing data ( preoperative
atrial ﬁbrillation: 29.7% missing, ejection fraction: 7.3%
missing and left main disease: 0.4% missing). A total of
10 imputed data sets were created using 200 burn-in iterations. The point estimates and variances from the
imputed data sets were pooled using standard methods
developed by Rubin.16–18 All continuous variables in the
propensity model were ﬁtted using restricted cubic
splines with ﬁve knots.13 19 Effect modiﬁcation between
sex and all the risk factors listed in table 1 were tested.
Where signiﬁcant interactions ( p<0.05) were identiﬁed,
sex-stratiﬁed ORs and CIs were estimated.
2

The excess deaths associated with female sex (ie, the
number of women who would not die if women’s risk of
operative mortality was the same as men’s) were calculated by applying the estimated adjusted risk difference
between men and women to:
1. The total number of isolated CABGs performed on
women in the present study (excess deaths in women
in this study cohort); and
2. To the number of isolated CABG procedures performed on women in the USA each year (reported
for the most recent full year in the STS Adult
Cardiac Surgery database)20 (annual excess deaths in
women undergoing CABG in the USA).
All analyses were conducted using SAS V.9.3, SAS
Institute Inc, Cary, North Carolina, USA. The study
protocol was approved by the Baylor Research Institute
Institutional Review Board, and was granted a waiver for
informed consent.
RESULTS
There were 343 deaths (2.6%) in the study cohort;
among men, there were 206 (2.1%) deaths, while
among women, there were 137 (3.9%). Patients’ clinical
and non-clinical details are presented in table 1. Both
the unadjusted and adjusted (for recognised STS risk
factors for mortality) analyses showed that women were
signiﬁcantly more likely to experience short-term mortality than men (OR unadjusted=1.90; 95% CI 1.52 to 2.36;
OR adjusted=1.39; 95% CI 1.04 to 1.86; ﬁgure 1).
Interaction with sex was signiﬁcant only for preoperative
intra-aortic balloon pump (see table 1).
Applying the estimated adjusted risk difference observed
in our study population (3.36% for women—2.38% for
men) shows that the higher risk associated with female sex
leads to 35 ‘excess’ operative deaths among the women
included in our study (constituting >10% of the total
deaths in the study cohort). In 2013, 147 600 isolated
CABG surgeries were reported nationwide in the STS
Adult Cardiac Surgery Database.20 Approximately, 40 000
of these procedures were performed in women.6 Applying
the risk-adjusted difference estimates from our study to
these numbers, 392 ‘excess’ deaths among women undergoing isolated CABG can be expected each year.
DISCUSSION
The results of our study support a growing body of evidence indicating greater risk of short-term mortality following isolated CABG for women than men, even after
adjusting for the worse preoperative clinical proﬁles and
older age at surgery that are typical of women undergoing CABG.9 21–24 More importantly, it shows that this signiﬁcantly greater risk of short-term mortality in women
translates into 35 ‘excess’ deaths among women in the
present study, and to 392 ‘excess’ deaths among the
approximately 40 000 women undergoing isolated CABG
in the USA each year. These ‘excess’ deaths constitute
>10% of the total deaths in our study cohort, suggesting

Filardo G, Hamman BL, Pollock BD, et al. Open Heart 2016;3:e000386. doi:10.1136/openhrt-2015-000386

Open Heart: first published as 10.1136/openhrt-2015-000386 on 22 March 2016. Downloaded from http://openheart.bmj.com/ on March 2, 2021 by guest. Protected by copyright.

women in need of surgical revascularisation equivalent
chances and qualities of survival. We present the comparison of short-term mortality following isolated CABG in
men versus women, and estimate the ‘excess’ deaths associated with female sex, using a large cohort (n=13 327)
of consecutive patients in North Texas.
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Characteristic
Demographics
Age‡
Body surface area‡ (m2)
Race
White
Black
Hispanic
Other/unknown
Risk factors
Diabetes mellitus
Renal failure (dialysis)
Creatinine‡ (mg/dL)
Chronic lung disease
Hypertension
Cerebrovascular disease
Time from last MI to surgery
None
≤6 h
>6 and <24 h
≥24 h
Tobacco use
Never
Previous
Current
Previous interventions
Previous PCI
Previous CABG
Preoperative cardiac status
Preoperative angina (w/in 2 weeks)
Preoperative atrial fibrillation
(29% missing)
Haemodynamics and catheterisation
Ejection fraction‡ (7% missing)
Left main disease
Operative
Status
Elective
Non-elective
Bypass use§
Off-pump CABG
On-pump CABG
Preoperative IABP

Unadjusted short-term mortality

Sex
Male (n=9818, 73.7%)

Female (n=3509, 26.3%)

p Value*

Interaction with sex
p Value†

64.0±10.2
2.1±0.2

65.9±10.9
1.8±0.2

<0.003
<0.003
<0.003

0.889
0.793
0.797

79.5%
5.8%
9.0%
5.7%

74.5%
11.7%
8.9%
4.9%

41.1%
2.5%
1.3±1.0
13.7%
85.5%
11.7%

50.0%
3.4%
1.2±1.1
18.3%
89.6%
18.4%

<0.003
0.108
<0.003
<0.003
<0.003
<0.003
0.062

0.950
0.829
0.887
0.316
0.739
0.173
0.327

50.9%
1.3%
2.6%
45.2%

54.4%
1.5%
2.5%
41.7%
>0.99

0.806

72.7%
21.1%
6.2%

73.7%
20.4%
6.0%

30.3%
4.5%

27.9%
3.8%

0.150
>0.99

0.481
0.310

24.4%
9.4%

24.1%
8.4%

>0.99
>0.99

0.882
0.962

49.6%±13.4%
32.5%

53.1%±13.0%
32.3%

<0.003
>0.99

0.680
0.119

0.042

0.885

50.4%
49.7%

47.3%
52.7%

39.5%
60.6%
10.9%

43.8%
56.2%
10.6%

<0.003

2.10%

3.90%

NA§
>0.99

<0.0001

0.004
Male OR (95% CI)
=3.8 (2.7,5.2)
Female OR (95% CI)
=6.5 (4.4,9.6)
NA

*p Values using Pearson χ2 and Bonferroni correction.
†p Values using Wald χ2.
‡Mean±SD with Wilcoxon signed sum-rank test for p value.
§Not included in the STS risk score; nor in our propensity-adjusted analysis.
CABG, coronary artery bypass graft; CI, confidence interval; IABP, intra-aortic balloon pump; MI, myocardial infarction; NA, not available; OR,
odds ratio; PCI, percutaneous coronary intervention; STS, Society of Thoracic Surgeons.

that identifying strategies to improve women’s outcomes
could meaningfully improve overall mortality rates for
CABG.

The magnitude of the effect of female sex on shortterm mortality (adjusted OR=1.39) in our study is
similar to that reported in a recent meta-analysis of
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Table 1 STS clinical and non-clinical risk factors by sex
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isolated CABG surgeries when the included studies were
limited to the subgroup of four papers that performed
propensity matching (OR=1.36; 95% CI 1.04 to 1.78).25
Two other studies, a large cohort study5 using the STS
database and a study encompassing a Californian statewide cohort,9 also reported risk-adjusted odds of
women’s isolated CABG short-term mortality in similar
ranges (OR=1.39; 95% CI 1.14 to 1.70 and OR=1.61;
95% CI 1.40 to 1.84, respectively). In contrast, a recent
analysis of 21 534 isolated CABG patients across 18
Australian hospitals found that the higher short-term
mortality seen in women in the raw data disappeared following adjustment for patient risk factors in multivariate
analysis (adjusted in hospital OR=0.96; 95% CI 0.71 to
1.29; adjusted 30-day OR=0.93; 95% CI 0.68 to 1.27).3
It is still unknown what mechanism(s) cause the
greater isolated CABG short-term mortality seen in
women. Hypotheses include the smaller luminal diameter of coronary arteries (independent of body size) in
women, which can increase the difﬁculty of revascularisation, and the less frequent use of left internal
mammary artery grafts and bilateral internal mammary
grafts.26–30 Other hypotheses include women’s more
extensive microvascular dysfunction (which the
4

epicardial revascularisation performed in CABG does
little to address28), their more frequent need for postoperative inotropic support and periprocedural blood
transfusions, and longer lengths of hospital stay—all of
which inﬂuence perioperative complications and can
therefore affect short-term mortality.28 31 32 In our study
cohort, a signiﬁcantly greater proportion of women than
men underwent off-pump CABG—a technique which
previous research has suggested ‘disproportionately’
beneﬁts women and helps narrow the sex gap inoperative mortality.5 33 However, re-running our analysis to
adjust for the use of off-pump versus on-pump CABG
did not alter our results (OR comparing women vs
men=1.40; 95% CI 1.04 to 1.88; p=0.025).
Other studies suggest that increased risk for short-term
mortality with female sex is not limited to CABG
surgery. There is at least some evidence that female sex
may be an independent risk factor for early death following percutaneous coronary intervention,34 aortic
valve replacement34 and mitral valve surgery,35 although
no conclusive explanations for these sex-based differences have been reached. The under-representation of
women in the clinical trials on which current cardiovascular guidelines are based36 and resulting extrapolation
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Figure 1 Unadjusted and
propensity-adjusted* odds ratio
and propensity-adjusted*
predicted probabilities for shortterm mortality.
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the evidence obtained in men to guide the care provided to women37 may play a role in the broader disadvantage women experience.
The use of an observational design is unavoidable
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unable to establish causality. The propensity-adjustment
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such research might inform the development of sexspeciﬁc treatment and management approaches that
could bring women’s risk of short-term mortality when
undergoing CABG in line with men’s, and meaningfully
reduce total short-term mortality rates.
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