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Introduction

Atrial fibrillation (AF) remains the most common 
complication after cardiac surgery,1) which occurs more 
frequently in valvular than in coronary artery bypass 
grafting (CABG) surgery (38–64% versus 17–33%).2–4) 
Aortic stenosis is the most common valvular disease,2) 
with increasing incidence due to aging demographics, 
particularly in women, that negatively affects the qual-
ity of life and survival.5,6) Aortic valve replacement 
(AVR) surgery still remains the gold standard for severe 
symptomatic aortic valve stenosis, improving quality 
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Gender Differences in Atrial Fibrillation

of life and overall survival.4,5) Although several studies 
have explored the influence of gender in outcomes after 
cardiac surgery, most of these focused on CABG. 
Female gender has been reported as a risk factor in sev-
eral cardiovascular diseases, namely with regard to 
mortality and postoperative complications, including 
increased hospital stay and in-hospital morbidity, such 
as postoperative atrial fibrillation (POAF).7,8) Little is 
known about gender-specific POAF independent pre-
dictors in aortic stenosis. Stratifying POAF risk accord-
ing to gender could improve POAF prediction and 
tailor patient management. In this study, we aimed to 
explore whether POAF-related factors differ by gender 
and how POAF influences long-term mortality in both 
genders.

Materials and Methods

This study aimed to compare the risk factors for POAF 
for each gender; study the survival between POAF and 
postoperative sinus rhythm (POSR) in men and women.

Study population
Between January 2014 and December 2015, 1353 

consecutive patients who were submitted to isolated 
AVR surgery were retrospectively analyzed. We excluded 
(1) reoperations and emergent cases and patients with 
other concomitant procedures, including CABG, aorta 
or other valvular surgery; (2) documented history of 
endocarditis or previous permanent or paroxysmal AF; 
(3) severe aortic regurgitation and more than mild 
mitral or tricuspid valve disease. Ultimately, we included 
379 patients with aortic stenosis and a balanced distribu-
tion between genders (194 (51.2%) were women). This 
study was approved by the institution’s ethics committee 
and data confidentiality was assured.

Data collection
Patients had an echocardiography up to 6 months 

prior to surgery; all indexed measurements are normal-
ized to body surface area (BSA). Smoking was consid-
ered when patients reported being active smokers or past 
smokers within less than a year. Median follow-up time 
for this cohort was 38 months. All gathered data were 
introduced in a coded database. Prolonged length of stay 
(LOS) was defined as the time of hospitalization above 
the 75th percentile. Hemodynamic instability was con-
sidered when inotropic support was needed during the 
postoperative period. Reported in-hospital outcomes 

included in-hospital mortality, stroke, myocardial infarc-
tion, cardiac arrest, atrioventricular block, and infection.

Primary outcomes were long-term all-cause mortality 
and occurrence of new-onset AF during the postopera-
tive period. POAF was monitored by telemetry during 
the first 48 h post-surgery and afterwards by electrocar-
diogram (ECG) if an arrhythmic pulse was detected. It 
was assessed through telemetry and ECG recordings and 
doctors and nurses records. POAF was defined both 
electro-physiologically and clinically as recommended 
by the American Association for Thoracic Surgery: ECG 
recordings which demonstrate characteristics AF find-
ings for at least 30 seconds or for the entirety of the ECG 
if shorter than 30 seconds; clinically significant AF 
which requires treatment with rate or rhythm control 
agents, anticoagulants or increases hospital stay.9)

Statistical analysis
IBM SPSS Statistics version 25 was used for all statis-

tical analysis. Categorical variables were presented as 
percentages and continuous variables as mean and stan-
dard deviation. Categorical variables were analyzed 
using chi-squared test or Fisher’s exact test when appro-
priate and continuous variables were analyzed with t-test 
for independent samples. Multiple analysis was per-
formed using a logistic regression model through a step-
wise approach to fit the model and find independent 
POAF predictors in both genders; included variables 
were tested for collinearity and sample size was consid-
ered when defining the final multivariate model. The 
area under the curve (AUC) of a receiving operating 
characteristic (ROC) curve was used to test the predic-
tive value of the model in each gender group. Survival 
analysis was conducted using the Kaplan–Meyer (KM) 
method; Log-Rank and Breslow tests, and Cox Regres-
sion were used to evaluate risk factors affecting survival.

Results

Patient demographics
Patient characteristics are listed in Table 1. Women 

were significantly older than men, with a mean age at 
operation of 72.8 (±9.7) and 68.5 (±10.5), respectively 
(p <0.001). Symptoms at presentation were similar 
between genders, including angina, syncope, and New 
York Heart Association (NYHA) functional class. The 
percentage of smoking men was much higher when com-
pared to women, with 63% vs 7% (p <0.001) of patients 
being active smokers or ex-smokers within less than a year. 
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Other cardiovascular risk factors were equally distrib-
uted among genders (diabetes, hypertension, and dyslip-
idemia). Pulmonary hypertension, chronic lung disease, 
cerebrovascular disease, and presence of neoplasia did 
not differ between men and women. Although surgical 
coronary artery disease was an exclusion criterion, some 
patients had non-surgical coronary artery disease, which 
was similar between groups (9% vs 14.9% in women and 
men, respectively, p = 0.089). Most patients had pre-
served ejection fraction (88.8% vs 87.6%, p = 0.601) and 
mild mitral and tricuspid valve disease were equally dis-
tributed. Female patients had more severe disease at pre-
sentation, with increased indexed left atrium diameter 
and septum thickness, as well as maximum and mean 
aortic valve gradient; the percentage of low gradient 
female patients (mean gradient <40 mmHg) was lower 
and had a trend toward significance (1.6% in women vs 
5.3% in men, p = 0.078). Similarly, aortic valve area was 

significantly smaller in women (0.71 ± 0.18 vs 0.79 ± 
0.19 cm2, p <0.001). Surgical measured lactate peak 
serum levels and bypass time were significantly increased 
in women when compared to men (mean ± SD 3.0 ± 0.9 
vs 2.5 ± 1.0 mmol/L, p <0.001 and 91.3 ± 27.6 vs 98.4 ± 
28.7 min, p = 0.019). Aortic cross-clamp time presented 
a similar trend to the time of bypass, with 65.6 ± 19.1 
min in women and 71.3 ± 20.6 min in men (p = 0.008).

Hospital outcomes
In-hospital mortality occurred in 2.6% of women and 

1.1% of men (p = 0.450). Stroke and myocardial infarc-
tion did not differ among genders, representing 1.1% vs 
2.2% and 1.1% vs 0.5% of cases, respectively (p = 0.443 
and p = 1.000). Conduction disturbances such as atrio-
ventricular block occurred in 7.4% of women and 5.5% 
of men (p = 0.446), with the need for pacemaker in 3.2% 
and 2.2% of cases, respectively (p = 0.751). Cardiac 

Table 1 Patient characteristics

Female Male P value

Age (years, mean [SD]) 72.8 (9.7) 68.5 (10.5) <0.001
Angina (n [%]) 49 (25.3) 52 (28.1) 0.530
Syncope (n [%]) 24 (12.4) 26 (14.1) 0.642
NYHA > I (n [%]) 104 (53.6) 89 (46.1) 0.284
Smoking (n [%]) 7 (3.6) 63 (34.1) <0.001
Diabetes (n [%]) 72 (37.1) 57 (30.8) 0.196
Hypertension (n [%]) 141 (72.7) 133 (71.9) 0.864
Dyslipidemia (n [%]) 137 (70.6) 124 (67) 0.450
Pulmonary hypertension (n [%]) 64 (75.3) 37 (72.5) 0.723
Chronic lung disease (n [%]) 30 (17.1) 40 (23.5) 0.140
Coronary artery disease (n [%]) 16 (9.0) 26 (14.9) 0.089
Cerebrovascular disease (n [%]) 25 (13) 16 (8.6) 0.173
Neoplasia (n [%]) 18 (9.3) 11 (5.9) 0.217
Statins (n [%]) 124 (71.3) 107 (67.7) 0.483
Beta-blockers (n [%]) 63 (36.2) 51 (32.3) 0.452
ACEI/ARB (n [%]) 122 (70.1) 103 (65.2) 0.338
Diuretics (n [%]) 112 (64.4) 88 (55.7) 0.107

Ejection fraction
Preserved (n [%]) 158 (88.8) 141 (87.6) 0.601
Mildly reduced (n [%]) 8 (4.5) 11 (6.8)
Reduced (n [%]) 12 (6.7) 9 (5.6)

Indexed left atrium diameter (mm/BMI, mean [SD]) 720.2 (96.4) 679.6 (84.4) <0.001
Indexed left ventricle diameter (mm/BMI, mean [SD]) 818.8 (157.7) 796.2 (133.3) 0.180
Indexed interventricular septum thickness (mm/BMI,  
mean [SD])

225.7 (42.0) 207.5 (32.8) <0.001

PSAP (mmHg, mean [SD]) 37.4 (11.4) 35.8 (8.7) 0.376
Maximum aortic gradient (mmHg, mean [SD]) 85.3 (20.0) 80.5 (18.7) 0.027
Mean aortic gradient (mmHg, mean [SD]) 54.0 (14.4) 50.6 (12.9) 0.018
Aortic valve area (cm2, mean [SD]) 0.71 (0.18) 0.79 (0.19) <0.001

Mitral valve (n [%]) 87 (50.6) 75 (46.9) 0.500
Tricuspid valve (n [%]) 46 (31.7) 37 (27.4) 0.429

ACEI/ARB: angiotensin converting enzyme inhibitor/angiotensin receptor blocker; NYHA: New York Heart Association Functional 
Classification; PSAP: pulmonary systolic arterial pressure
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arrest was documented in four female patients (2.1%,  
p = 0.123). Hemodynamic instability during and after 
surgery, assessed by the need for inotrope administra-
tion, had a high prevalence, and was similar between 
genders (47.6% vs 48.9%, p = 0.803). Documented infec-
tion was similar between genders and occurred in 5.3% 
of women and 4.9% of men (p = 0.590) and prolonged 
LOS had a prevalence of 23.9% and 20.3% in women and 
men, respectively (p = 0.414). At discharge, amiodarone 
medicated patients represented 12.3% of women and 
13.2% of men (p = 0.805) and warfarin was prescribed in 
52.6% of women and 72.5% of men (p <0.001).

Impact of POAF in hospital outcomes by gender
POAF had an overall occurrence of 41.2%, with 50% 

of cases occurring until the 2nd postoperative day—
median (IQR) of 2 (1)—overall and between genders. 
POAF did not differ between women and men, present-
ing an occurrence of 45.0% vs 39.2% (p = 0.263), respec-
tively. The arrhythmia was either self-limited (34%) or 
pharmacologically treated with amiodarone (57.1%) or 
electric cardioversion or both (9%). There were no dif-
ferences between genders regarding POAF management, 
being self-limited in 34.1% of women vs 33.8% of men; 
pharmacologically treated in 55.3% vs 59.2% and treated 
with electrical cardioversion or both in 10.6% vs 7% 
(p = 0.725). Prolonged LOS was significantly different 
between POSR and POAF patients in both genders— 
18.2% vs 31.7% (p = 0.035) for women and 11.8% vs 
35.4% (p <0.001) for men. However, infection remained 
non-significant for each gender and between POSR and 
POAF (6.8% vs 3.7%, p = 0.516, in women; 3.6% vs 
7.1%, p = 0.423 in men). As with the case of infection, 
atrioventricular block remained similar between genders 
and rhythm group—5.8% vs 9.8% in women, p = 0.315 
and 5.5% vs 5.7% in men, p = 1.000. Although warfarin 
was prescribed more frequently in men (see above), in 
POAF patients, there were no documented differences 
between genders—warfarin prescribed in 53.4% of 
women vs 57.6% of men (p = 0.629) and amiodarone in 
26.0% vs 32.2% (p = 0.436). On the other hand, warfarin 
prescription was significantly higher in POSR men 
(51.5% vs 81.0%, p <0.001), with no differences in 
amiodarone prescription (2.1% vs 2.9%, p = 0.716).

POAF-related factors by gender
Univariate analysis

Concerning POAF gender-related factors, patients 
who developed POAF were generally older in both 

groups: in women, the mean age was 75 ± 7.5 in those 
who developed POAF and 71 ± 11.2 in women who 
remained in SR (p = 0.015); in men, POAF had a mean 
age of 72.3 ± 9.0 vs 66.2 ± 10.6 (p <0.001). Moreover, 
coronary artery disease presented as a risk factor for 
POAF in both groups: 13 (16.9%) vs 3 (3.1%), p = 0.003, 
in women; 16 (23.5%) vs 10 (9.5%), p = 0.012, in men.

However, mean aortic gradient was a protective factor 
for POAF only in women (51.8 ± 13.0 vs 56.1 ± 15.1, 
p = 0.041).

The presence of tricuspid valve disease was associated 
with increased risk of POAF only in male patients (20 
(38.5%) vs 17 (21.0%), p = 0.028). Similarly, chronic lung 
disease was associated with POAF exclusively in men—
23 POAF patients (33.8%) vs 17(17.2%), p = 0.013.

Medication did not influence the outcome in either 
gender. Results for POAF-related factors in men and 
women are shown in Table 2. Corresponding univariate 
logistic regression analysis and odds ratios (OR) are 
depicted in Table 3.

Multivariate analysis
In women, we identified as independent predictors of 

POAF advanced age (OR: 1.05; 95% confidence interval 
[95% CI]: 1.01–1.20, p = 0.02) and mean aortic gradient 
(OR: 0.964; 95% CI: 0.937–0.992, p = 0.01). Bypass 
time showed a tendency toward significance in women 
(OR: 1.012; 95% CI: 0.998–1.027, p = 0.09).

In men, advanced age (1.071; [1.024–1.120], p = 0.003) 
and peak postoperative lactate levels (1.746 [1.034–2.949], 
p = 0.037) were independently associated with POAF.

AUC [95% CI] of the ROC curves in women and men 
for the multivariate logistic regression model were, 
respectively, 0.69 [0.60–0.78] and 0.77 [0.68–0.86] 
(Fig. 1). Results referring to the previous model in both 
genders are shown in Table 3.

Mortality analysis
Median follow-up time for the whole cohort was 38 

months, with men and women presenting 37 and 39 
months of follow-up, respectively. KM curves for both 
genders were similar and the Log Rank test was non- 
significant (p = 0.736), therefore not suggesting any differ-
ence in long-term mortality between genders (Fig. 2). At 
12 months, female patients had a cumulative survival of 
94.8%, while for men was 96.8%. At 48 months of fol-
low-up, both gender groups showed a cumulative sur-
vival of 93%. (Fig. 2) Cox regression suggested a 
reduced ejection fraction as a mortality predictor only in 
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women (hazard ratio [HR] 3.645 [1.017–13.070], p = 
0.047 in women vs 1.400 [0.182–10.768], p = 0.747 in 
men), although NYHA functional class was similar 
between genders and non-significant (0.968 [0.351–
2.671], p = 0.950 in women vs 1.075 [0.377–3.066], p = 
0.892 in men). Aortic valve-related parameters did not 
associate with increased mortality in any of gender 
groups—mean aortic gradient had a HR of 1.003 [0.967–
1.039], p = 0.892 in women and 0.969 [0.927–1.014], 
p = 0.177 in men; maximum aortic gradient in women 
presented a HR of 1.002 [0.976–1.028], p = 0.906 and 

0.980 [0.951–1.009] p = 0.168 in men. Chronic lung dis-
ease showed a trend toward significance only in female 
patients (HR 2.761 [0.925–8.240], p = 0.069 vs 1.852 
[0.620–5.533], p = 0.269). Diabetes was not associated 
with increased mortality in either gender groups: 1.521 
[0.551–4.194], p = 0.418 in female patients vs 0.615 
[0.171–2.204], p = 0.455 in male patients.

Impact of POAF on mortality by gender
Concerning KM curves between POSR and POAF 

patients, women had no differences when comparing 

Table 2 Univariate analysis

Female Male

POSR POAF p value POSR POAF p value
Age (years, mean [SD]) 71.2 (11.1) 74.7 (7.5) 0.015 66.2 (10.6) 72.3 (9.0) <0.001

Angina (n [%]) 27 (26) 22 (25.9) 0.99 36 (69.2) 16 (30.8) 0.139
Syncope (n [%]) 17 (16.3) 7 (8.3) 0.102 18 (16.4) 8 (11.3) 0.34
NYHA > I (n [%]) 52 (50) 48 (56.5) 0.375 55 (50) 34 (47.9) 0.781
Smoking (n [%]) 3 (2.9) 4 (4.7) 0.703 35 (31.8) 27 (38.0) 0.39
Diabetes (n [%]) 40 (38.5) 29 (34.1) 0.537 33 (30) 22 (31) 0.888
Hypertension (n [%]) 79 (76) 60 (70.6) 0.405 79 (71.8) 53 (74.6) 0.676
Dyslipidemia (n [%]) 75 (72.1) 58 (68.2) 0.561 79 (71.8) 43 (60.6) 0.115
Pulmonary hypertension (n [%]) 34 (73.9) 28 (75.7) 0.854 19 (79.2) 18 (66.7) 0.318
Chronic lung disease (n [%]) 13 (13.4) 15 (20.5) 0.214 17 (17.2) 23 (33.8) 0.013
Coronary artery disease (n [%]) 3 (3.1) 13 (16.9) 0.003 10 (9.5) 16 (23.5) 0.012
Cerebrovascular disease (n [%]) 14 (13.6) 11 (13.1) 0.921 7 (6.4) 9 (12.7) 0.144
Neoplasia (n [%]) 7 (6.7) 10 (11.9) 0.219 4 (3.6) 7 (9.9) 0.113
Statins (n [%]) 64 (71.9) 57 (71.3) 0.924 62 (68.1) 44 (68.8) 0.935
Beta-blockers (n [%]) 31 (34.8) 30 (37.5) 0.718 27 (29.7) 23 (35.9) 0.411
ACEI/ARB (n [%]) 65 (73) 56 (70) 0.662 58 (63.7) 43 (67.2) 0.657
Diuretics (n [%]) 57 (64.0) 52 (65.0) 0.897 49 (53.8) 38 (59.4) 0.495

Ejection fraction
Preserved (n [%]) 86 (89.6) 68 (88.3) 0.779 85 (88.5) 53 (85.5) 0.852
Mildly reduced (n [%]) 3 (3.1) 4 (5.2) 6 (6.3) 5 (8.1)
Reduced (n [%]) 7 (7.3) 5 (6.5) 5 (5.2) 4 (6.5)

Indexed left atrium diameter 
(mm/BMI, mean [SD])

707.2 (102.9) 731.9 (85.7) 0.107 671.5 (76.1) 694.1 (97.0) 0.15

Indexed left ventricle diameter 
(mm/BMI, mean [SD])

814.6 (157.0) 822.2 (160.4) 0.762 798.5 
(147.1)

792.5 (110.8) 0.799

Indexed interventricular septum 
Thickness (mm/BMI, mean [SD])

225.1 (44.4) 225.7 (39.6) 0.926 203.0 (30.0) 213.3 (34.6) 0.061

PSAP (mmHg, mean [SD]) 36.1 (10.3) 38.2 (12.4) 0.384 36.3 (8.0) 35.4 (9.4) 0.723
Maximum aortic gradient (mmHg, 
mean [SD])

86.0 (20.6) 85.0 (19.0) 0.763 81.3 (19.2) 78.1 (16.4) 0.285

Mean aortic gradient (mmHg, mean [SD]) 56.1 (15.1) 51.8 (13.0) 0.041 51.1 (12.4) 49 (12.6) 0.301
Aortic valve area (mmHg, mean [SD]) 0.7 (0.2) 0.7 (0.2) 0.934 0.8 (0.2) 0.8 (0.2) 0.235

Mitral valve (n [%]) 43 (48.3) 42 (53.2) 0.53 37 (40.2) 36 (55.4) 0.061
Tricuspid valve (n [%]) 23 (29.5) 22 (34.4) 0.533 17 (21.0) 20 (38.5) 0.028

Surgery peak lactate (mmol/L,  
mean [SD])

2.9 (0.8) 3.0 (1.0) 0.266 2.3 (0.6) 2.8 (1.3) 0.001

Bypass time (min, mean [SD]) 87.9 (23.7) 94.7 (31.5) 0.118 96.0 (27.9) 102.1 (29.9) 0.188
Aortic cross-clamp time (min, mean [SD]) 63.9 (15.9) 67.8 (22.5) 0.193 69.6 (20.7) 74 (20.4) 0.177

ACEI/ARB: angiotensin converting enzyme inhibitor/angiotensin receptor blocker; NYHA: New York Heart Association Functional 
Classification; PSAP: pulmonary systolic arterial pressure
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both groups, with a slight superposition between curves 
(non-significant Breslow test, p = 0.749). (Fig. 2) At 12 
months of follow-up, women who remained in sinus 
rhythm during the postoperative period had a 97.1% sur-
vival probability, whereas women with POAF presented 
95.3% cumulative survival. At 24 months, women pre-
sented a survival probability of 94.2% and 94.1%, respec-
tively. At 36 months, there was a slight inversion of the 
KM curves, with POSR women showing a cumulative 
survival of 94.2% and POAF women 92.7% (Fig. 2).

Men, however, had a significant difference between 
POSR and POAF groups (Log Rank test, p = 0.024), 
showing a divergence in the KM curves as early as the 
first year of follow-up (99.1% vs 94.4% of cumulative 
survival) (Fig. 2). At 24 months, POSR and POAF male 
patients presented 97.3% and 90.1% probability of sur-
vival and at 36 months, survival shifted to 95.8% and 
88.7%, respectively. At 48 months, men with POAF had 
a cumulative survival of 86.4%, while men in the POSR 
group maintained the 95.8% survival probability (Fig. 2) 
Thus, POAF predicted mortality only in men, with a HR 
(95% CI) of 3.551 [1.093–11.532], p = 0.035.

Discussion

In this study, at surgery, women presented more severe 
aortic valve disease than men, including worsened ventricu-
lar re-modeling, with an increased indexed interventricular 
septum thickness and left atrium diameter. Coronary artery 

disease, even though non-surgical, and advanced age were 
predictors of POAF for both genders. The latter emerged as 
an independent predictor in the multivariate analysis. The 
remaining risk factors for POAF were gender-specific, with 
chronic lung disease showing an association with POAF in 
men, although non-significant in the multivariate analysis. 
Other valvular disease, although mild, was increased only in 
male POAF patients. Peak postoperative lactate was an inde-
pendent predictor of POAF exclusively in men, while higher 
mean aortic gradient represented an independent protective 
factor in women. The multivariate model presented signifi-
cant differences in performance for predicting disease 
according to gender—a classical prediction model based on 
clinical, echocardiographic and surgical parameters appears 
to perform well in men, although lacking efficacy in female 
patients. Mortality does not differ between genders, either 
in-hospital or long term. Although POAF occurs similarly in 
men and women, only in men POAF occurrence predicts 
long-term mortality. Of the tested variables as potential risk 
factors for mortality, a reduced ejection fraction associated 
with an adverse outcome only in women.

In this cohort, POAF had an overall occurrence of 41.2%, 
with 50% of cases occurring until the 2nd postoperative day, 
which agrees with previous studies, although the arrhythmia 
varies with patient characteristics, definition of the arrhyth-
mia and methods of heart rhythm monitoring.10) Accord-
ingly, reported POAF peak occurrence is between the second 
and fourth days post-surgery, with most cases appearing 
in the first 5 days and only a few after the first week.2,11)

There is conflicting evidence to whether women are 
more prone to POAF after CABG than men. Alam et al12) 
found women have less risk of developing POAF, 
although it has been reported no difference in risk or 
increased risk.7,10) In this study of isolated aortic valve 
patients, it was observed no difference in POAF occur-
rence between men and women.

Several clinical and echocardiographic POAF predictors 
have been identified, such as age, obesity, pulmonary and 
arterial hypertension, mitral valve disease, left atrium dila-
tion, left atrium volume index, atrial natriuretic peptide 
(ANP), and subclinical hypothyroidism, with age being the 
most reproducible risk factor among studies, as confirmed 
in this study.2) There is little evidence on predictors accord-
ing to gender, and this cohort suggests some potential dif-
ferential risk factors for POAF in patients submitted to 
isolated AVR surgery. This study underlines the importance 
of stratifying patients taking gender into consideration.

Patients who develop AF in the postoperative period 
are at greater risk of thromboembolic events, infections, 

Fig. 1  Area under the ROC curve for the multivariate logistic 
regression model in men and women
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including pneumonia, respiratory failure, renal failure, 
intensive care unit readmission, prolonged LOS, 
increased overall costs, and 30-day mortality.3,13,14) In 
this cohort of patients, prolonged LOS was in fact differ-
ent between POSR and POAF patients. On the other 
hand, there were no differences concerning in-hospital 
outcomes between these groups in each gender, although 
events were sparse and thus difficult to identify differ-
ences objectively.

Numerous studies in CABG surgery have reported 
higher hospital mortality in female patients than in their 
male counterparts,12,15) although mid- and long-term mor-
tality appears to be similar in both gender groups.8,16) There 
is some evidence to suggest that between 5 and 6 years after 
CABG surgery, the results are the same or might be better 
for female patients, as suggested by the work of Abramov 
et al. with the increase in female late survival after 

CABG.17) Ahmed et al. recruited 1114 women and 3628 
men submitted to CABG surgery and evaluated morbidity 
and mortality for a follow-up of 7.9 years. The study con-
cluded women had increased long-term cardiac mortality 
even though similar all-cause mortality.18) Similarly to 
CABG surgery, women have a higher preoperative risk 
than men in combined valvular and CABG surgery,19) rep-
resenting an independent risk factor for post-surgery mor-
bidity and mortality.20) Likewise, in AVR surgery, female 
gender predicts increased in-hospital and 30-day all-cause 
mortality.21-23) Concerning long-term mortality, Elhmidi et 
al. reported no influence of gender in late mortality in a 
cohort of 2197 patients submitted to isolated AVR surgery. 
Several studies agree with this finding, suggesting gender 
does not influence long-term outcomes in AVR.19,24) In this 
cohort of patients, although no difference in postoperative 
mortality was observed between genders, female patients 

Fig. 2  KM curves and respective survival probabilities between POSR and POAF patients for women (A) and men (B). (C) KM 
curves between women and men. KM: Kaplan–Meier; N: number of patients at follow-up; POAF: postoperative atrial 
fibrillation; POSR: postoperative sinus rhythm; SP: survival probability
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did show an increased preoperative risk, with worse dis-
ease, and longer surgical timings (bypass time) as well as 
worse response to surgery (peak lactate). Concerning over-
all long-term mortality, men and women had similar sur-
vival probabilities at a maximum follow-up of 52 months, 
which concurs with what is observed in the literature.

Furthermore, several studies have implicated POAF in 
short- and long-term mortality, which suggests the need 
to monitor this group of patients closely.14,25) In this 
cohort, POAF had a trend toward significance as a risk 
factor for long-term mortality (data not shown). Further-
more, POAF after CABG has been reported as a predic-
tor of long-term mortality in female patients but not in 
males.26) The present study suggests POAF as a predictor 
of long-term mortality in men but not in women, in 
patients submitted to isolated AVR surgery, which does 
not agree with the available literature in CABG. This 
finding does not appear to be related to baseline charac-
teristics as both men and women with POAF are older 
and have higher comorbidity rates; moreover, other risk 
factors tested by cox regression in men did not influence 
mortality. It has been suggested men are more prone to 
develop AF than women, although the basis for these dif-
ferences remain unclear. Men have increased expression 
of relevant repolarizing ion channel subunits, which 
might decrease repolarization time and thus abbreviate 
atrial refractoriness and promote re-entry.27) In this 
cohort, only POAF in men predicts permanent AF during 
the first year; in women, POAF does not predict AF (data 
not shown). This suggests POAF in men represents either 
electrical and/or structural re-modeling as an arrhyth-
mia-developing substrate, although indexed left atrium 
diameter does not predict POAF in either gender in this 
cohort. Conversely, women could develop a more benign 
POAF with transitory inflammation as the main risk fac-
tor for the arrhythmia, thus not predicting established AF 
at follow-up. Inflammation is a recognized pathway for 
POAF, with C-reactive protein, IL-6 and IL-2 being 
implicated in the development of the arrhythmia; treat-
ment with anti-inflammatory agents has been reported to 
decrease POAF occurrence.28) Thus, POAF could predict 
mortality in men because it predicts established AF only 
in this gender. Men could have to be more aggressively 
treated to prevent permanent AF and related morbidity 
and mortality, although more studies are necessary to 
confirm this hypothesis and explore other mechanisms 
of gender-related differences in AF pathophysiology.

POAF is a known risk factor for permanent AF, as well 
as morbidity and mortality, including thromboembolic 

events.14,25) There are several studies on the prevention 
(β-blockers, colchicine, etc.) and early treatment of 
POAF although not according to gender.1,29) This study 
suggests men might benefit more from the prevention of 
the arrhythmia than women, although only all-cause mor-
tality differed between men and women who presented 
POAF. Other outcomes, as increased hospital stay and 
immediate postoperative morbidity, were similar between 
genders. In addition, these results could potentially trans-
late to transcatheter aortic valve implantation (TAVI), as 
new-onset post-procedure AF occurs in up to 32% of 
cases and, although some studies do not report differ-
ences between men and women, disparities in long-term 
all-cause mortality between genders are still debatable.30)

This cohort is retrospective, which is a limitation of 
this study. POAF definition is based on written records 
which could under-detect our main outcome. Still, our 
prevalence reports are similar to existing literature. Fur-
thermore, larger cohorts are necessary to confirm these 
results and increase evidence on gender differences in 
both predictors of POAF and POAF impact on mortality.

Conclusion

Although larger cohorts are needed to confirm these 
results, this study underlines the importance of stratify-
ing patients according to gender and finding gender- 
specific prediction models for POAF. Patients who 
develop new-onset AF following isolated AVR surgery 
need to be closely monitored, although mortality appears 
to be increased only in men.
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