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Background—New-onset atrial fibrillation (AF) after coronary artery bypass graft surgery (CABG) is associated with
increased morbidity and poorer long-term survival. Although many studies show differences in outcome in women versus
men after CABG, little is known about the sex-specific incidence and characteristics of post-CABG AF.
Methods and Results—Overall, 11 236 consecutive patients without preoperative AF underwent isolated CABG from 2002
to 2010 at 4 US academic medical centers and 1 high-volume specialty cardiac hospital. Data routinely collected for the
Society of Thoracic Surgeons database were augmented with details on new-onset post-CABG AF events detected via
continuous in-hospital ECG/telemetry monitoring. Unadjusted incidence of post-CABG AF was 29.5% (3312/11 236)
overall, 30.2% (2485/8214) in men, and 27.4% (827/3022) in women. After adjustment for Society of Thoracic
Surgeons–recognized risk factors, women had significantly lower risk for post-CABG AF (odds ratio [95% confidence
interval]=0.75 [0.64–0.89]), shorter first, longest, and total duration of AF episodes (mean difference [95% confidence
interval]=−2.7 [−4.7 to −0.8] hours; −4.1 [−6.9 to −1.2] hours; −2.4 [−2.5 to −2.3] hours, respectively). At 48 hours, AFfree probabilities were 77% for women and 72% for men (P<0.001). Number of episodes (P=0.18), operative mortality
(P=0.048), stroke (P=0.126), and discharge in AF (P=0.234) did not differ significantly by sex.
Conclusions—These novel data on sex-specific characteristics of new-onset AF after isolated CABG show that women had
lower adjusted risk for post-CABG AF and experienced shorter episodes. Investigation of sex-specific impacts on outcomes
is needed to identify optimal strategies for prevention and management to ensure all patients achieve the best possible
outcomes.  (Circ Cardiovasc Qual Outcomes. 2016;9:723-730. DOI: 10.1161/CIRCOUTCOMES.116.003023.)
Key Words: atrial fibrillation ◼ coronary artery bypass ◼ epidemiology ◼ morbidity ◼ risk factor ◼ women

N

ew-onset atrial fibrillation (AF) after coronary artery
bypass graft surgery (CABG) is associated with poorer
long-term survival1,2 and increased morbidity.3,4 Because
greater age is associated with higher risk of new-onset postCABG AF,5 the trend toward increasing age and risk profiles in the population of patients undergoing CABG6 makes
understanding this common complication of cardiac surgery a
high priority, so that effective means of prevention and management can be identified and developed. Because women
undergoing CABG are typically older and have higher risk
profiles than their male counterparts,7–11 such research may
be particularly important to improving outcomes for women,
even though some studies suggest that women have lower
risk-adjusted odds of developing post-CABG AF.12 One study
investigating the impact of post-CABG AF on long-term

survival found that it affected women more significantly;1
another identified it as an independent risk factor for in-hospital mortality.13
Although previous studies have looked at the incidence of
post-CABG AF in men and women—with some showing it to
occur more frequently in women (although not to a statistically significant degree)14,15 and others showing similar rates16
or even lower risk for women5,12,17,18—it is not known how patterns of type, timing, duration, or frequency compare between
men and women. We collected detailed data on post-CABG
AF events (detected via continuous in-hospital ECG/telemetry monitoring) that occurred in patients who underwent isolated CABG surgery at 4 large academic medical centers and
1 high-volume specialty cardiac hospital in the United States
during a period of 9 years. Here, we describe and compare the
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Table 1.

WHAT IS KNOWN
• New-onset AF after CABG is associated with poorer
long-term survival and increased morbidity.
• There is limited population-based data available on
the sex-specific incidence and characteristics (timing, duration, and frequency) of post-CABG AF
episodes.

WHAT THE STUDY ADDS
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• This study provides novel sex-specific data on the
timing, duration, and frequency of new-onset postCABG AF (defined as any episode detected via continuous in-hospital ECG/telemetry monitoring and
documented by a physician, regardless of duration
or need for treatment) from a large population-based
multicenter cohort of >11 000 isolated CABG patients
and compares these between women and men.
• It shows that, after adjustment for Society of Thoracic Surgeons–recognized risk factors, women
had significantly lower risk for post-CABG AF and
shorter durations of first and longest AF episodes and
total time in AF.
• Further research is needed to investigate the sexspecific impacts of post-CABG AF on outcomes to
identify optimal strategies for prevention and management to ensure all patients achieve the best possible outcomes.

Patient Characteristics by Sex
Men
(n=8214, 73.1%)

Women
(n=3022, 26.9%)

 Baylor*

4005 (48.8%)

1421 (47.0%)

 Emory

1597 (19.4%)

698 (23.1%)

 University of Virginia

1531 (18.6%)

508 (16.8%)

 Washington University

1081 (13.2%)

395 (13.1%)

62.5±10.4

64.8±11.1

29.3±5.8

30.0±6.9

 White

6732 (82.0%)

2217 (73.4%)

 Black

826 (10.1%)

606 (20.1%)

 Hispanic

314 (3.8%)

111 (3.7%)

 Asian

160 (2.0%)

38 (1.2%)

 Other

182 (2.1%)

50 (1.6%)

Characteristics
Study site

Age†, y
Body mass index†, kg/m

2

Race

Diabetes mellitus

3060 (37.3%)

1471 (48.7%)

Renal failure

223 (2.7%)

102 (3.4%)

Creatinine†, mg/dL

1.26±1.18

1.14±1.17

Chronic lung disease

1531 (18.6%)

696 (23.0%)

Systemic hypertension

6843 (83.3%)

2686 (88.9%)

Peripheral vascular disease

1479 (18.0%)

677 (22.4%)

Cerebrovascular disease

1253 (15.3%)

644 (21.3%)

Time from last myocardial infarction to surgery, h

epidemiology of post-CABG AF and its characteristics in men
versus women, based on these data.

4455 (54.2%)

1630 (53.9%)

69 (0.9%)

23 (0.8%)

187 (2.3%)

67 (2.2%)

 ≥24

3503 (42.6%)

1302 (43.1%)

This large, multicenter observational study included 11 236 consecutive patients (8214 men; 3022 women) without a history of AF who
underwent isolated CABG between January 1, 2002, and December
31, 2010, at Baylor University Medical Center (Dallas, TX), The
Heart Hospital at Baylor Plano (Plano, TX), Emory University
(Atlanta, GA), University of Virginia (Charlottesville, VA), or
Washington University (St Louis, MO). Patients were excluded if
they had previous AF, previous valve surgery, preoperative endocarditis, or a ventricular assist device.
The study was approved by the institutional review boards of all
centers.

Current smoker

2322 (28.3%)

808 (26.7%)

Congestive heart failure

1722 (21.0%)

798 (26.4%)

Previous PCI

2322 (28.3%)

832 (27.5%)

Previous coronary bypass

418 (5.1%)

125 (4.1%)

Previous valve surgery/procedure

230 (2.8%)

94 (3.1%)

5173 (63.0%)

1931 (63.9%)

48.4±13.4

51.2±13.3

2084 (25.4%)

706 (23.4%)

Study Data

Operation

Data on patient and operative characteristics (Table 1) routinely collected for the Society of Thoracic Surgeons (STS) database were
augmented with detailed data on AF events detected via continuous
in-hospital ECG/telemetry monitoring.

 Elective

5067 (61.7%)

1736 (57.4%)

 On-pump

5393 (65.7%)

1825 (60.4%)

Preoperative IABP

1133 (13.8%)

392 (13.0%)

Methods
Study Setting and Design

Exposure and Outcomes of Interest
The exposure of interest was patient’s sex.
The primary outcome measures were (1) the adjusted incidence
of new-onset in-hospital post-CABG AF, defined as any episode detected via continuous in-hospital ECG/telemetry monitoring and documented by a physician in the chart, regardless of duration or need for
treatment and (2) adjusted time (in hours) from end of CABG surgery
to first episode of AF.

 No MI
 ≤6
 >6 but <24

Preoperative angina pectoris
Preoperative ejection fraction†, %
Left main disease

*Two Baylor sites participated in the study: one academic medical center and
one high-volume specialty cardiac hospital.
†Mean±SD.
IABP indicates intra-aortic balloon pump; and PCI, percutaneous coronary
intervention.

Secondary outcomes included duration (in hours) of the first
AF episode, duration (in hours) of the longest AF episode, total time (in hours) spent in AF during hospitalization, and total
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number of post-CABG AF episodes experienced during hospitalization. Operative deaths (applying the STS definition19: death during
CABG or any in-hospital death during a continuous post-CABG stay
or any death within 30 days of post-CABG discharge), stroke, and
discharge in unresolved AF were also assessed.

Statistical Analysis
To assess the association between sex and new-onset post-CABG
AF, we used a propensity-adjusted generalized estimating equations
model approach,20–22 whereas a propensity-adjusted generalized estimating equation–like marginal approach using robust sandwich estimates on a Cox proportional hazards model was used to assess the
association between sex and time to first AF.20,22

Table 2.

The propensity adjustment accounted for risk factors recognized
by the STS19 (Table 1); these were modeled as independent variables
into a multivariable logistic regression model with sex as the outcome. All continuous variables in the propensity model were fitted
using restricted cubic splines with 5 knots.20,23 Likewise, a restricted
cubic spline function with 5 knots was used to fit the propensity score
as an independent variable in:
(1) a generalized estimating equation model with new-onset
post-CABG AF as the dependent variable and sex, time
of surgery (incremental month starting from January 2002
[month 1] to December 2010 [month 108]), and the sex×time
of surgery interaction term as the independent variables.
To avoid assuming a linear association of time of operation
with the outcome of interest and to avoid the bias inherent

Adjusted AF Outcomes by Sex and Year
2002
2003
2004
2005
2006
2007
2008
2009
2010
(n=803, 7.1%) (n=1020, 9.1%) (n=984, 8.8%) (n=942, 8.4%) (n=921, 8.2%) (n=1124, 10.0%) (n=1997, 17.8%) (n=1875, 16.7%) (n=1573, 14.0%)

Total
(N=11 236)
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Adjusted new-onset AF*
 Male

37 (31–44)

36 (30–43)

34 (37–41)

35 (29–42)

31 (25–39)

34 (28–40)

32 (27–37)

32 (27–37)

30 (25–35)

33 (28–38)

 Female

38 (28–48)

33 (24–43)

22 (15–32)

22 (14–33)

25 (16–35)

28 (20–38)

27 (21–35)

28 (21–35)

23 (17–30)

27 (22–32)

Adjusted time to reach 20% AF incidence, h†
 Male

11 (3–19)

14 (4–26)

18 (5–36)

19 (5–40)

16 (4–31)

14 (4–26)

15 (4–28)

16 (4–30)

26 (6–74)

15 (4–28)

 Female

17 (5–34)

23 (6–57)

32 (7–179)

36 (7–305)

29 (6–113)

25 (6–69)

27 (6–89)

29 (6–114)

71 (9–437)

26 (6–80)

Adjusted 48-h AF-free (first episode) probabilities (95% CI)
Male

0.68
(0.50–0.71)

0.71
(0.68–0.73)

0.73
(0.71–0.76)

0.74
(0.72–0.77)

0.73
(0.70–0.76)

0.71
(0.69–0.74)

0.71
(0.69–0.74)

0.72
(0.70–0.75)

0.77
(0.73–0.80)

0.72
(0.71–0.74)

Female

0.73
(0.69–0.77)

0.76
(0.73–0.79)

0.78
(0.075–0.81)

0.79
(0.76–0.81)

0.77
(0.75–0.80)

0.76
(0.74–0.79)

0.77
(0.75–0.80)

0.77
(0.75–0.80)

0.81
(0.79–0.85)

0.77
(0.76–0.79)

Adjusted time to first AF, mean, h‡
 Male

53 (46–60)

54 (48–59)

55 (48–61)

51 (45–57)

48 (41–55)

51 (45–57)

50 (45–56)

48 (42–54)

45 (35–54)

52 (50–54)

 Female

54 (45–63)

55 (47–63)

56 (48–64)

52 (45–60)

50 (42–57)

53 (46–60)

52 (45–59)

50 (42–57)

47 (36–57)

54 (50–58)

Adjusted number of AF episodes‡
 Male (all)

1.3 (1.0–1.6)

1.1 (0.9–1.3)

0.8 (0.6–1.1)

0.8 (0.6–1.1)

1.0 (0.7–1.2)

1.0 (0.8–1.3)

1.0 (0.8–1.2)

1.0 (0.7–1.2)

0.8 (0.5–1.2)

0.9 (0.8–1.0)

 Male (≥1
episode of
AF)

3.5 (2.7–4.2)

3.0 (2.4–3.5)

2.5 (1.8–3.2)

2.6 (1.9–3.2)

3.0 (2.3–3.7)

3.1 (2.5–3.7)

3.1 (2.5–3.7)

2.9 (2.3–3.6)

3.0 (2.0–4.1)

2.9 (2.6–3.1)

 Female (all)

1.2 (0.9–1.6)

1.0 (0.7–1.3)

0.8 (0.5–1.0)

0.7 (0.5–1.0)

0.9 (0.6–1.2)

0.9 (0.7–1.2)

0.9 (0.7–1.2)

0.8 (0.6–1.1)

0.7 (0.3–1.1)

0.8 (0.6–0.9)

 Female
(≥1 episode
AF)

3.6 (2.6–4.6)

3.1 (2.3–4.0)

2.7 (1.8–3.5)

2.8 (2.0–3.6)

3.2 (2.4–4.1)

3.4 (2.6–4.1)

3.4 (2.7–4.1)

3.2 (2.4–4.0)

3.4 (2.2–4.6)

3.1 (2.7–3.6)

Adjusted first AF duration, mean, h‡
 Male

7.7
(4.9–10.6)

8.3
(6.2–10.5)

9.0
(6.4–11.6)

10.3
(7.9–12.7)

11.1
(8.3–13.9)

10.1
(7.8–12.5)

9.6
(7.4–11.8)

10.0
(7.6–12.5)

6.7
(2.9–10.6)

9.0
(8.1–10.1)

 Female

5.1
(1.4–8.8)

5.7
(2.6–8.8)

6.3
(3.0–9.5)

7.6
(4.7–10.5)

8.4
(5.3–11.5)

7.4
(4.6–10.1)

6.8
(4.1–9.5)

7.3
(4.3–10.2)

3.4
(0.1–8.3)

6.3
(4.6–7.9)

14 (10–18)

13 (10–16)

12 (8–16)

14 (11–18)

17 (13–21)

15 (11–18)

13 (10–17)

14 (10–17)

10 (4–15)

14 (12–15)

8 (3–14)

8 (3–12)

7 (2–12)

10 (5–14)

12 (8–17)

11 (7–15)

10 (6–14)

10 (6–15)

7 (1–13)

10 (7–12)

Adjusted longest AF duration, h‡
 Male
 Female

Adjusted total AF duration, median, h§
 Male

23 (21–24)

21 (19–22)

20 (19–21)

23 (21–24)

27 (24–28)

24 (22–26)

22 (20–23)

21 (20–23)

20 (18–22)

22 (20–24)

 Female

20 (19–21)

19 (18–20)

18 (17–19)

20 (19–21)

24 (23–25)

20 (21–22)

20 (19–21)

19 (18–20)

17 (16–19)

19 (18–21)

Time to first AF, duration of first AF, duration of longest AF, and total AF duration were calculated for the 3312 subjects with ≥1 AF episode; number of AF episodes was calculated for all
11 236 study subjects and for the subgroup of 3312 patients who experienced ≥1 AF episode. AF indicates atrial fibrillation.
*Percent (95% CI).
†80th percentile AF-free probability (90th, 75th).
‡95% CI.
§IQR.
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Figure 1 shows the risk-adjusted predicted probability of
new-onset post-CABG AF for men and women over time, as
well as the risk-adjusted odds ratios (and 95% CIs) for men
versus women developing new-onset post-CABG AF in each
year. New-onset post-CABG AF significantly decreased from
2002 to 2010 overall (P=0.007) and in both men and women
and was lower in women in all years. During the whole study
period, women’s risk-adjusted odds of developing post-CABG
AF were significantly lower than men’s (odds ratio [95% CI]
for women versus men=0.75 [0.64–0.89]).
The adjusted mean (95% CI) number of episodes were
similar in men (all men: 0.9 [0.8–1.0]; men with ≥1 episode:
2.9 [2.6–3.1]) and women (all women: 0.8 [0.6–0.9]; women
with ≥1 episode: 3.1 [2.7–3.6]).
Overall, on average, during their hospital stay, men had a statistically significantly greater risk for developing new-onset postCABG AF than women (hazard ratio [95% CI] for men versus
women=1.16 [1.06–1.28]; Figure 2). Results were similar over
the years (Figure 2). Adjusted time to reach 20% post-CABG AF
incidence was 26 hours in women and 15 hours in men (Table 2),
whereas at 48 hours, women had a 77% probability of being AF
free compared with 72% for men (P<0.001; Table 2).
Among those who experienced ≥1 episode of AF, the
adjusted mean (95% CI) duration of the first episode was significantly shorter in women (6.3 [4.4–7.9] hours) than in men
(9.0 [8.1–10.1] hours; difference [95% CI]: −3.1 [−5.1 to −1.2]
hours). Likewise, in these patients, the adjusted mean (95% CI)
duration of the longest AF episode was significantly shorter in
women (9 [7–12] hours) than in men (14 [13–15] hours; difference [95% CI]: −4.6 [−7.3 to −2.0] hours). Adjusted median
(95% CI) total time in AF was significantly lower in women

with categorization of continuous variables, time of surgery
was also modeled as a continuous covariate with a 5-knot
restricted cubic spline;20,23
(2) a Cox proportional hazards model using robust sandwich
estimates with time to new-onset post-CABG AF as the
dependent variable and the same covariates and covariate
structures listed in bullet (1).
Additionally, both models were tested to assess sex differences
between sites using the appropriate interaction terms; no interactions
among sites were found (models’ P>0.95). Multiple imputation of all
covariates used in the propensity model was done by Markov Chain
Monte Carlo simulation,24,25 to account for missing data (ejection
fraction: 7.3% missing and left main disease: 0.4% missing).
The same model framework with the appropriate link function
was used to assess adjusted sex differences for the other outcomes of
interest. Likewise, models were tested for sex differences and site interaction; no interactions among sites were found (all models’ P>0.5).
Estimates from all models were used to compute adjusted odds ratios,
hazard ratios, mean differences, median differences, confidence intervals
(CIs), and adjusted plots and curves. Model findings were also summarized to describe adjusted sex-specific time to reach 20% AF incidence
and probability of remaining AF free for the first 48 hours post CABG.

Results
The overall unadjusted incidence of post-CABG AF was
29.5% (3312/11 236); in men, it was 30.2% (2485/8214), and
in women, it was 27.4% (827/3022). Table 1 shows the clinical
and demographic characteristics of the study population by sex.
The adjusted new-onset AF-related patient outcomes by
year and sex are presented in Table 2. Adjusted differences
in AF characteristics between women and men are presented
in Table 3, whereas Table 4 summarizes differences between
the sexes for other adverse outcomes considered, overall and
stratified by new-onset post-CABG AF status.
Table 3.

Adjusted* Comparison of Post-CABG Atrial Fibrillation Characteristics in Women Vs Men by Year
2002
2003
2004
2005
2006
2007
2008
2009
2010
(n=803, 7.1%) (n=1020, 9.1%) (n=984, 8.8%) (n=942, 8.4%) (n=921, 8.2%) (n=1124, 10.0%) (n=1997, 17.8%) (n=1875, 16.7%) (n=1573, 14.0%)

Total
(N=11 236)

Adjusted number of AF
episodes (all), mean
difference (95% CI)†

−0.1
(−0.4 to 0.3)

−0.1
(−0.4 to 0.2)

−0.1
(−0.3 to 0.2)

−0.1
(−0.3 to 0.1)

−0.1
(−0.3 to 0.1)

−0.1
(−0.3 to 0.1)

−0.1
(−0.3 to 0.1)

−0.1
(−0.3 to 0.1)

−0.1
(−0.4 to 0.2)

−0.1
(−0.3 to 0.1)

 adjusted P value (all)

…

…

…

…

…

…

…

…

…

P=0.18

0.2
(−0.8 to 1.1)

0.2
(−0.7 to 1.0)

0.2
(−0.5 to 0.9)

0.2
(−0.4 to 0.8)

0.2
(−0.3 to 0.8)

0.3
(−0.3 to 0.8)

0.3
(−0.3 to 0.9)

0.3
(−0.4 to 1.0)

0.3
(−0.5 to 1.2)

0.3
(−0.3 to 0.8)

…

…

…

…

…

…

…

…

…

P=0.23

−2.6
(−6.3 to 1.0)

−2.7
(−5.8 to 0.4)

−2.7
(−5.7 to −0.1)

−2.7
(−4.9 to −0.5)

−2.7
(−4.7 to −0.8)

−2.8
(−4.7 to −0.8)

−2.8
(−4.9 to −0.6)

−2.8
(−5.3 to −0.3)

−2.8
(−5.8 to 0.2)

−2.7
(−4.7 to −0.8)

…

…

…

…

…

…

…

…

…

P=0.02

−5.5
(−11 to −0.1)

−5.2
(−9.8 to −0.6)

−4.9
(−8.7 to −1.0)

−4.6
(−7.8 to −1.3)

−4.3
(−7.2 to −1.4)

−4.0
(−6.8 to −1.1)

−3.7
(−6.8 to −0.5)

−3.4
(−7.0 to 0.3)

−3.1
(−7.4 to 1.3)

−4.1
(−6.9 to −1.2)

…

…

…

…

…

…

…

…

…

P=0.02

−2.7
(−3.0 to −2.4)

−2.4
(−2.5 to −2.1)

−2.3
(−2.5 to −2.2)

−2.4
(−2.7 to −2.0)

−3.0
(−3.3 to −2.7)

−3.1
(−3.4 to −2.8)

−2.5
(−2.7 to −2.4)

−2.4
(−2.6 to −2.2)

−2.5
(−2.8 to −2.3)

−2.4
(−2.5 to −2.3)

…

…

…

…

…

…

…

…

…

P<0.0001

Adjusted number of AF
episodes (≥1 episode
AF), mean difference
(95% CI)†
 P value (≥1 episode AF)
Adjusted 1st AF
duration, mean
difference (95% CI)†
 P value
Adjusted longest
AF duration, mean
difference (95% CI)†
 P value
Adjusted total AF
duration, median
difference (95% CI)‡
 P value

Time to first AF, duration of first AF, duration of longest AF, and total AF duration were calculated for the 3312 subjects with ≥1 AF episode; number of AF episodes was calculated for all 11 236 study
subjects and for the subgroup of 3312 patients who experienced ≥1 AF episode. AF indicates atrial fibrillation; CABG, coronary artery bypass graft; and CI, confidence interval.
*Adjusted analyses used a propensity-adjusted model controlling for recognized STS risk factors (Table 1) in generalized estimating equations models by study site, with an interaction term between sex
and month of surgery to allow mean differences to vary over time.
†Mean and (95% CIs).
‡Median (95% CIs).
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Table 4.
Status

Risk-Adjusted Nonatrial Fibrillation Outcomes by Sex, Overall, and New-Onset Post-CABG AF

Outcome

Overall, % (95% CI)

Male (95% CI)

Female (95% CI)

Odds Ratio (95% CI)

P value

  Unadjusted

1.7 (1.4–1.9)

1.3 (1.1–1.6)

2.5 (2.0–3.1)

1.9 (1.4–2.6)

<0.0001

  Adjusted

1.5 (0.9–2.3)

1.3 (0.9–1.8)

2.2 (1.4–3.4)

1.8 (1.0–3.0)

0.048

  Unadjusted

1.6 (1.3–1.8)

1.3 (1.0–1.5)

2.3 (1.8–2.9)

1.8 (1.4–2.5)

<0.0001

  Adjusted

1.4 (0.8–2.4)

1.3 (0.9–1.7)

1.8 (1.2–2.8)

1.4 (0.8–2.5)

0.126

  Unadjusted

3.4 (2.8–4.1)

2.7 (1.8–4.0)

5.8 (3.7–9.0)

2.2 (1.2–4.1)

0.027

  Adjusted

3.3 (2.2–5.0)

2.6 (1.7–3.9)

5.4 (3.2–8.9)

2.1 (1.1–4.3)

0.040

  Unadjusted

2.5 (2.0–3.1)

2.0 (1.3–3.2)

3.8 (2.2–6.6)

1.9 (0.9–4.0)

0.070

  Adjusted

2.2 (1.3–3.7)

1.8 (1.1–2.9)

3.3 (1.7–6.3)

1.9 (0.8–4.4)

0.094

  Unadjusted

0.8 (0.7–1.0)

0.9 (0.7–1.1)

0.7 (0.4–1.0)

0.8 (0.5–1.3)

0.317

  Adjusted

0.7 (0.4–1.3)

0.8 (0.5–1.3)

0.5 (0.2–1.2)

0.7 (0.3–1.6)

0.234

  Unadjusted

0.8 (0.6–1.1)

0.7 (0.4–1.2)

1.3 (0.7–2.4)

1.8 (0.8–3.9)

0.098

  Adjusted

0.8 (0.4–1.4)

0.7 (0.4–1.1)

1.0 (0.4–2.1)

1.4 (0.6–3.8)

0.312

  Unadjusted

1.1 (0.9–1.4)

1.0 (1.0–1.5)

1.8 (0.0–2.9)

1.8 (0.9–3.7)

0.063

  Adjusted

1.0 (0.6–1.6)

0.9 (0.6–1.4)

1.2 (0.6–2.2)

1.3 (0.6–2.8)

0.332

All patients (N=11 236)
 Operative mortality

 Stroke

AF patients only (n=3312)
 Operative mortality
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 Stroke

 Discharge home in AF

Non-AF patients (n=7924)
 Operative mortality

 Stroke

AF indicates atrial fibrillation; CABG, coronary artery bypass graft; and CI, confidence interval.

(19 [18–21] hours) than in men (22 [20–24] hours; difference
[95% CI]: −2.4 [−2.5 to −2.3] hours; P<0.0001).

Discussion
Ours is the first large (>11 200 patients), multicenter
study to assess both the incidence and characteristics of
new-onset AF after isolated CABG and to compare these
in women versus men. Using detailed clinical data for
patients who underwent CABG during a period of 9 years
and including data for all episodes of AF detected via continuous in-hospital ECG/telemetry monitoring to provide
an enhanced, comprehensive picture of new-onset AF after
isolated CABG, our results reveal important differences
between the sexes.
The novel sex-specific data presented here show that after
robust risk adjustment to account for patients’ clinical and
nonclinical risk factors, women undergoing isolated CABG
are not only less likely to develop new-onset post-CABG AF
than their male counterparts but, among those who do suffer
this common complication, they experience shorter first and
longest episodes of AF, and spend shorter total amounts of
time in AF during the hospital stay.

To our knowledge, this is the first study not only to describe
the sex-specific characteristics of post-CABG AF but also to
examine all of these (timing, duration, and frequency) and
incidence simultaneously, giving a complete picture of both
the risk for and clinical course of post-CABG AF in women
and men.
Our finding of a lower adjusted incidence of post-CABG
AF in women is consistent with the results reported from
a relatively large study investigating patients who underwent CABG from 1995 to 2009.12 Although that study used
a slightly different AF definition (episodes of any duration
during the hospitalization for the index surgery deemed to
be clinically significant by the treating physician) from ours,
the propensity-matched odds ratio reported for women versus men of 0.76 (95% CI: 0.65–0.90)12 was similar to our
risk-adjusted result of 0.75 (95% CI: 0.64–0.89). These
results are also consistent with previous studies that have
identified male sex as an independent risk factor for postCABG AF.17,26,27 Although other studies comparing incidence
of post-CABG AF between men and women report finding
no significant differences, they examined only unadjusted
incidence.14–16
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Figure 1. Adjusted* predicted probability,
odds ratios comparing sex, and 95%
confidence intervals of new-onset postCABG atrial fibrillation according to sex
by year. *Society of Thoracic Surgeons
factors listed in Table 1, time of surgery
(incremental month starting from January
2002 [month 1] to December 2010 [month
108]), and interaction between sex and time
of surgery.

With respect to the significantly shorter duration of AF episodes we observed in women versus men, we found no previous
studies with which to compare our results. Although 2 small
studies have previously reported on the duration of post-CABG
episodes,28,29 neither reported sex-specific results. Furthermore,
they applied different definitions of AF and patient inclusion/
exclusion criteria, limiting the value of comparisons to our findings. We similarly found no previous studies comparing frequency or timing of onset of the first episode of AF between
men and women. However, the adjusted mean of 52 hours for
men and 54 hours for women we observed for time from CABG
to first AF episode among patients who developed AF (Table 2)
is consistent with previous observations that post-CABG AF
onset tends to peak on days 2 to 3 post surgery.18,30

As described elsewhere (article currently under review),
the characteristics (including the STS-recognized risk factors)
of our study cohort are similar to those reported for isolated
CABG patients from 2000 to 2009 in the national STS adult
cardiac surgery database.31 Given that >95% of the US cardiac surgery programs contribute to the database, this indicates that our results are likely generalizable to the broader
population of US CABG patients. The significantly greater
age and higher prevalence of comorbidities such as diabetes
mellitus, hypertension, and congestive heart failure among
the women in our cohort is also typical of the population of
CABG patients;9,10,32,33 and the borderline statistically significant higher risk-adjusted operative mortality we observed
among the women in our study cohort is consistent with the
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Figure 2. Adjusted* probability and
hazard ratios (with 95% confidence
intervals) for freedom from new-onset
post-CABG atrial fibrillation (AF), by
sex (2002–2010). *Society of Thoracic
Surgeons factors listed in Table 1, time of
surgery (incremental month starting from
January 2002 [month 1] to December
2010 [month 108]), and interaction
between sex and time of surgery.
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results reported by several previous studies.12,34–38 As with any
observational study, we cannot rule out the possibility that
unknown factors that confound the association between exposure (sex) and outcome (post-CABG AF) exist. However, the
propensity-adjusted generalized estimating equations model
approach developed to conduct the statistical analysis considered an extensive list of risk factors recognized by the STS
in addition to other important variables, providing a rigorous
adjustment for potential confounders.
Future research should investigate how the differences
in incidence and duration of post-CABG AF observed here
between women and men play out in terms of long-term outcomes. Although it is well established that post-CABG AF
is associated with poorer long-term survival,1,2,39 it is not yet
known whether the magnitude of this association is consistent
across sex. It is also not known how the characteristics of postCABG AF affect long-term survival—nor whether such affects
(including their magnitudes) are similar across sex. Given the
inconsistencies in the existing evidence about whether (and
why) women experience worse, equivalent, or better long-term
outcomes after CABG,40–44 this is a fertile area for research.
Our results showing significant differences in both the riskadjusted incidence and duration of AF events between women
and men provide important groundwork for future investigations of the sex-specific impacts on survival and of the sex-specific effectiveness of strategies for preventing and managing
post-CABG AF. Teasing out differences in the impact of postoperative complications and their management on long-term
outcomes between men and women could identify opportunities to improve care for both sexes—and help address the current dearth of information on the effectiveness of treatments
for cardiovascular disease specifically in women,45,46 something which has been called for to achieve health equity.47

Sources of Funding
This work was funded by NIH/National Heart Lung Blood Institute
(R01HL103683) and in part by the Bradley Family Endowment to

the Baylor Health Care System Foundation, The Baylor Health Care
System Cardiovascular Research Committee (Dallas, TX), and the
Discovery Foundation (Dallas, TX).

Disclosures
None.

References
1. El-Chami MF, Kilgo P, Thourani V, Lattouf OM, Delurgio DB, Guyton
RA, Leon AR, Puskas JD. New-onset atrial fibrillation predicts longterm mortality after coronary artery bypass graft. J Am Coll Cardiol.
2010;55:1370–1376. doi: 10.1016/j.jacc.2009.10.058.
2. Filardo G, Hamilton C, Hebeler RF Jr, Hamman B, Grayburn P. Newonset postoperative atrial fibrillation after isolated coronary artery bypass
graft surgery and long-term survival. Circ Cardiovasc Qual Outcomes.
2009;2:164–169. doi: 10.1161/CIRCOUTCOMES.108.816843.
3. Creswell LL, Schuessler RB, Rosenbloom M, Cox JL. Hazards of postoperative atrial arrhythmias. Ann Thorac Surg. 1993;56:539–549.
4. Wu ZK, Iivainen T, Pehkonen E, Laurikka J, Zhang S, Tarkka MR.
Fibrillation in patients subjected to coronary artery bypass grafting.
J Thorac Cardiovasc Surg. 2003;126:1477–1482. doi: 10.1016/S0022.
5. Mathew JP, Parks R, Savino JS, Friedman AS, Koch C, Mangano
DT, Browner WS. Atrial fibrillation following coronary artery bypass graft surgery: predictors, outcomes, and resource utilization.
MultiCenter Study of Perioperative Ischemia Research Group. JAMA.
1996;276:300–306.
6. Ferguson TB, Jr., Hammill BG, Peterson ED, DeLong ER, Grover FL. A decade of change–risk profiles and outcomes for isolated coronary artery bypass
grafting procedures, 1990–1999: a report from the STS National Database
Committee and the Duke Clinical Research Institute. Society of Thoracic
Surgeons. Ann Thorac Surg. 2002;73:480–489; discussion 489–490.
7. Al-Alao BS, Parissis H, McGovern E, Tolan M, Young VK. Gender influence in isolated coronary artery bypass graft surgery: a propensity
match score analysis of early outcomes. Gen Thorac Cardiovasc Surg.
2012;60:417–424. doi: 10.1007/s11748-012-0082-7.
8. Sharoni E, Kogan A, Medalion B, Stamler A, Snir E, Porat E. Is gender an
independent risk factor for coronary bypass grafting? Thorac Cardiovasc
Surg. 2009;57:204–208. doi: 10.1055/s-0029-1185367.
9. Saxena A, Dinh D, Smith JA, Shardey G, Reid CM, Newcomb AE. Sex differences in outcomes following isolated coronary artery bypass graft surgery in Australian patients: analysis of the Australasian Society of Cardiac
and Thoracic Surgeons cardiac surgery database. Eur J Cardiothorac
Surg. 2012;41:755–762. doi: 10.1093/ejcts/ezr039.
10. Koch CG, Weng YS, Zhou SX, Savino JS, Mathew JP, Hsu PH, Saidman LJ,
Mangano DT; Ischemia Research and Education Foundation; Multicenter

730   Circ Cardiovasc Qual Outcomes   November 2016

11.

12.

13.

14.

Downloaded from http://circoutcomes.ahajournals.org/ by guest on September 22, 2017

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

Study of Perioperative Ischemia Research Group. Prevalence of risk factors,
and not gender per se, determines short- and long-term survival after coronary artery bypass surgery. J Cardiothorac Vasc Anesth. 2003;17:585–593.
Puskas JD, Edwards FH, Pappas PA, O’Brien S, Peterson ED, Kilgo P,
Ferguson TB Jr. Off-pump techniques benefit men and women and narrow
the disparity in mortality after coronary bypass grafting. Ann Thorac Surg.
2007;84:1447–1454; discussion 1454. doi: 10.1016/j.athoracsur.2007.06.104.
Alam M, Lee VV, Elayda MA, Shahzad SA, Yang EY, Nambi V, Jneid H,
Pan W, Coulter S, Wilson JM, Ramanathan KB, Ballantyne CM, Virani
SS. Association of gender with morbidity and mortality after isolated
coronary artery bypass grafting. A propensity score matched analysis. Int
J Cardiol. 2013;167:180–184. doi: 10.1016/j.ijcard.2011.12.047.
Erguneş K, Yilik L, Yetkin U, Lafcı B, Bayrak S, Ozpak B, Gurbuz A.
Early and mid-term outcomes in female patients undergoing isolated conventional coronary surgery. J Cardiovasc Thorac Res. 2014;6:105–110.
doi: 10.5681/jcvtr.2014.023.
Eifert S, Kilian E, Beiras-Fernandez A, Juchem G, Reichart B, Lamm
P. Early and mid term mortality after coronary artery bypass grafting in women depends on the surgical protocol: retrospective analysis
of 3441 on- and off-pump coronary artery bypass grafting procedures.
J Cardiothorac Surg. 2010;5:90. doi: 10.1186/1749-8090-5-90.
Kokkonen L, Järvinen O, Majahalme S, Virtanen V, Pehkonen E,
Mustonen J, Tarkka M. Atrial fibrillation in elderly patients after coronary
artery bypass grafting; gender differences in outcome. Scand Cardiovasc
J. 2005;39:293–298. doi: 10.1080/14017430510035934.
Vaccarino V, Lin ZQ, Kasl SV, Mattera JA, Roumanis SA, Abramson JL,
Krumholz HM. Gender differences in recovery after coronary artery bypass surgery. J Am Coll Cardiol. 2003;41:307–314.
Aranki SF, Shaw DP, Adams DH, Rizzo RJ, Couper GS, VanderVliet M,
Collins JJ Jr, Cohn LH, Burstin HR. Predictors of atrial fibrillation after
coronary artery surgery. Current trends and impact on hospital resources.
Circulation. 1996;94:390–397.
Zaman AG, Archbold RA, Helft G, Paul EA, Curzen NP, Mills PG. Atrial
fibrillation after coronary artery bypass surgery: a model for preoperative
risk stratification. Circulation. 2000;101:1403–1408.
Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB,
Normand SL, DeLong ER, Shewan CM, Dokholyan RS, Peterson ED,
Edwards FH, Anderson RP; Society of Thoracic Surgeons Quality
Measurement Task Force. The Society of Thoracic Surgeons 2008 cardiac surgery risk models: part 1–coronary artery bypass grafting surgery. Ann Thorac Surg. 2009;88(suppl 1):S2–S22. doi: 10.1016/j.
athoracsur.2009.05.053.
Harrell FE, Jr. Regression Modeling Strategies: With Application to Linear
Models, Logistic Regression, and Survival Analysis. New York: SpringerVerlag; 2001.
Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression.
Hoboken, NJ: John Wiley & Sons, Inc; 2013.
Gharibvand L, Liu L. Analysis of Survival Data with Clustered Events.
SAS Global Forum 2009. http://support.sas.com/resources/papers/proceedings09/237–2009.pdf. Accessed August 1, 2016.
Filardo G, Hamilton C, Hamman B, Ng HK, Grayburn P. Categorizing
BMI may lead to biased results in studies investigating in-hospital mortality after isolated CABG. J Clin Epidemiol. 2007;60:1132–1139. doi:
10.1016/j.jclinepi.2007.01.008.
Yuan YC. Multiple imputation for missing data: concepts and new developments (version 9.0). 2003. https://support.sas.com/rnd/app/stat/papers/
multipleimputation.pdf. Accessed October 10, 2016.
Schafer JL, Olsen MK. Multiple imputation for multivariate missingdata problems: a data analyst’s perspective. Multivariate Behav Res.
1998;33:545–571. doi: 10.1207/s15327906mbr3304_5.
Filardo G, Hamilton C, Hamman B, Hebeler RF Jr, Grayburn PA. Relation
of obesity to atrial fibrillation after isolated coronary artery bypass grafting.
Am J Cardiol. 2009;103:663–666. doi: 10.1016/j.amjcard.2008.10.032.
Zacharias A, Schwann TA, Riordan CJ, Durham SJ, Shah AS, Habib RH.
Obesity and risk of new-onset atrial fibrillation after cardiac surgery.
Circulation. 2005;112:3247–3255. doi: 10.1161/CIRCULATIONAHA.
105.553743.
Tamis-Holland JE, Kowalski M, Rill V, Firoozi K, Steinberg JS. Patterns
of atrial fibrillation after coronary artery bypass surgery. Ann Noninvasive
Electrocardiol. 2006;11:139–144. doi: 10.1111/j.1542-474X.2006.00095.x.
Taylor AD, Groen JG, Thorn SL, Lewis CT, Marshall AJ. New insights
into onset mechanisms of atrial fibrillation and flutter after coronary artery
bypass graft surgery. Heart. 2002;88:499–504.
Place DG, Peragallo RA, Carroll J, Cusimano RJ, Cheng DC.
Postoperative atrial fibrillation: a comparison of off-pump coronary artery

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

bypass surgery and conventional coronary artery bypass graft surgery.
J Cardiothorac Vasc Anesth. 2002;16:144–148.
ElBardissi AW, Aranki SF, Sheng S, O’Brien SM, Greenberg CC, Gammie
JS. Trends in isolated coronary artery bypass grafting: an analysis of the
Society of Thoracic Surgeons adult cardiac surgery database. J Thorac
Cardiovasc Surg. 2012;143:273–281. doi: 10.1016/j.jtcvs.2011.10.029.
Ahmed WA, Tully PJ, Knight JL, Baker RA. Female sex as an independent predictor of morbidity and survival after isolated coronary artery bypass grafting. Ann Thorac Surg. 2011;92:59–67. doi: 10.1016/j.
athoracsur.2011.02.033.
Lehmkuhl E, Kendel F, Gelbrich G, Dunkel A, Oertelt-Prigione S,
Babitsch B, Knosalla C, Bairey-Merz N, Hetzer R, Regitz-Zagrosek V.
Gender-specific predictors of early mortality after coronary artery bypass graft surgery. Clin Res Cardiol. 2012;101:745–751. doi: 10.1007/
s00392-012-0454-0.
Bukkapatnam RN, Yeo KK, Li Z, Amsterdam EA. Operative mortality in women and men undergoing coronary artery bypass grafting (from the California Coronary Artery Bypass Grafting Outcomes
Reporting Program). Am J Cardiol. 2010;105:339–342. doi: 10.1016/j.
amjcard.2009.09.035.
Naughton C, Feneck RO, Roxburgh J. Early and late predictors of mortality following on-pump coronary artery bypass graft surgery in the
elderly as compared to a younger population. Eur J Cardiothorac Surg.
2009;36:621–627. doi: 10.1016/j.ejcts.2009.04.066.
Edwards FH, Carey JS, Grover FL, Bero JW, Hartz RS. Impact of gender on
coronary bypass operative mortality. Ann Thorac Surg. 1998;66:125–131.
Vaccarino V, Abramson JL, Veledar E, Weintraub WS. Sex differences
in hospital mortality after coronary artery bypass surgery: evidence for a
higher mortality in younger women. Circulation. 2002;105:1176–1181.
Filardo G, Hamman BL, Pollock BD, da Graca B, Sass DM, Phan TK,
Edgerton J, Prince SL, Ring WS. Excess short-term mortality in women after isolated coronary artery bypass graft surgery. Open Heart.
2016;3:e000386. doi: 10.1136/openhrt-2015-000386.
Villareal RP, Hariharan R, Liu BC, Kar B, Lee VV, Elayda M, Lopez
JA, Rasekh A, Wilson JM, Massumi A. Postoperative atrial fibrillation
and mortality after coronary artery bypass surgery. J Am Coll Cardiol.
2004;43:742–748. doi: 10.1016/j.jacc.2003.11.023.
Jacobs AK, Kelsey SF, Brooks MM, Faxon DP, Chaitman BR, Bittner V,
Mock MB, Weiner BH, Dean L, Winston C, Drew L, Sopko G. Better outcome for women compared with men undergoing coronary revascularization: a report from the bypass angioplasty revascularization investigation
(BARI). Circulation. 1998;98:1279–1285.
Brandrup-Wognsen G, Berggren H, Hartford M, Hjalmarson A, Karlsson
T, Herlitz J. Female sex is associated with increased mortality and morbidity early, but not late, after coronary artery bypass grafting. Eur Heart J.
1996;17:1426–1431.
Hassan A, Chiasson M, Buth K, Hirsch G. Women have worse long-term
outcomes after coronary artery bypass grafting than men. Can J Cardiol.
2005;21:757–762.
Guru V, Fremes SE, Austin PC, Blackstone EH, Tu JV. Gender differences
in outcomes after hospital discharge from coronary artery bypass grafting. Circulation. 2006;113:507–516. doi: 10.1161/CIRCULATIONAHA.
105.576652.
den Ruijter HM, Haitjema S, van der Meer MG, van der Harst P,
Rouleau JL, Asselbergs FW, van Gilst WH; IMAGINE Investigators.
Long-term outcome in men and women after CABG; results from the
IMAGINE trial. Atherosclerosis. 2015;241:284–288. doi: 10.1016/j.
atherosclerosis.2015.02.039.
Hillis LD, Smith PK, Anderson JL, Bittl JA, Bridges CR, Byrne JG,
Cigarroa JE, Disesa VJ, Hiratzka LF, Hutter AM Jr, Jessen ME, Keeley
EC, Lahey SJ, Lange RA, London MJ, Mack MJ, Patel MR, Puskas JD,
Sabik JF, Selnes O, Shahian DM, Trost JC, Winniford MD. 2011 ACCF/
AHA guideline for coronary artery bypass graft surgery: a report of the
American College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines. Circulation. 2011;124:e652–e735. doi:
10.1161/CIR.0b013e31823c074e.
Melloni C, Berger JS, Wang TY, Gunes F, Stebbins A, Pieper KS,
Dolor RJ, Douglas PS, Mark DB, Newby LK. Representation of
women in randomized clinical trials of cardiovascular disease prevention. Circ Cardiovasc Qual Outcomes. 2010;3:135–142. doi: 10.1161/
CIRCOUTCOMES.110.868307.
Johnson PA, Fitzgerald T, Salganicoff A, Wood SF, Goldstein JM. Sexspecific medical research: why women’s health can’t wait. 2014. http://
www.brighamandwomens.org/Departments_and_Services/womenshealth/
ConnorsCenter/Policy/ConnorsReportFINAL.pdf. Accessed March 8, 2016.

Sex Differences in the Epidemiology of New-Onset In-Hospital Post−Coronary Artery
Bypass Graft Surgery Atrial Fibrillation: A Large Multicenter Study
Giovanni Filardo, Gorav Ailawadi, Benjamin D. Pollock, Briget da Graca, Danielle M. Sass,
Teresa K. Phan, Debbie E. Montenegro, Vinod Thourani and Ralph Damiano
Downloaded from http://circoutcomes.ahajournals.org/ by guest on September 22, 2017

Circ Cardiovasc Qual Outcomes. 2016;9:723-730; originally published online October 18,
2016;
doi: 10.1161/CIRCOUTCOMES.116.003023
Circulation: Cardiovascular Quality and Outcomes is published by the American Heart Association, 7272
Greenville Avenue, Dallas, TX 75231
Copyright © 2016 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-7705. Online ISSN: 1941-7713

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circoutcomes.ahajournals.org/content/9/6/723

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Cardiovascular Quality and Outcomes can be obtained via RightsLink, a service of the
Copyright Clearance Center, not the Editorial Office. Once the online version of the published article for
which permission is being requested is located, click Request Permissions in the middle column of the Web
page under Services. Further information about this process is available in the Permissions and Rights
Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation: Cardiovascular Quality and Outcomes is online
at:
http://circoutcomes.ahajournals.org//subscriptions/

