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Aims Although catheter ablation has emerged as an important therapy for patients with symptomatic atrial fibrillation
(AF), there are limited data on sex-based differences in outcomes. We sought to compare in-hospital outcomes
and 30-day readmissions of women and men undergoing AF ablation.

...................................................................................................................................................................................................
Methods
and results

Using the United States Nationwide Readmissions Database, we analysed patients undergoing AF ablation between
2010 and 2014. Based on ICD-9-CM codes, we identified co-morbidities and outcomes. Multivariable logistic re-
gression and inverse probability-weighting analysis were performed to assess female sex as a predictor of end-
points. Of 54 597 study patients, 20 623 (37.7%) were female. After adjustment for age, co-morbidities, and hos-
pital factors, women had higher rates of any complication [adjusted odds ratio (aOR) 1.39; P < 0.0001], cardiac
perforation (aOR 1.39; P = 0.006), and bleeding/vascular complications (aOR 1.49; P < 0.0001). Thirty-day all-cause
readmission rates were higher for women compared to men (13.4% vs. 9.4%; P < 0.0001). Female sex was inde-
pendently associated with readmission for AF/atrial tachycardia (aOR 1.48; P < 0.0001), cardiac causes (aOR 1.40;
P < 0.0001), and all causes (aOR 1.25; P < 0.0001). Similar findings were confirmed with inverse probability-
weighting analysis. Despite increased complications and readmissions, total costs for AF ablation were lower for
women than men due to decreased resource utilization.

...................................................................................................................................................................................................
Conclusions Independent of age, co-morbidities, and hospital factors, women have higher rates of complications and readmis-

sions following AF ablation. Sex-based differences and disparities in the management of AF need to be explored to
address these gaps in outcomes.
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Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia
worldwide. Although the age-adjusted incidence of AF is estimated

to be 1.5 to 2 times higher in men than in women,1 the prevalence of
women with AF exceeds that of men due to increased longevity.2

Recent studies have identified significant sex-based differences and
disparities with respect to the clinical presentation and treatment of
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AF. Women with AF have more symptoms and worse quality of life
compared to men with AF.3 Women are older at the time of presen-
tation and are more likely to seek medical attention due to symptoms
from AF.4

Yet, despite the well-established role of pulmonary vein (PV) isola-
tion for the treatment of symptomatic AF,5 women are less likely
than men to be referred for catheter ablation.6,7 Studies examining
sex-based outcomes after AF ablation have yielded conflicting
results.8 Currently, there are limited contemporary population-
based data on differences in AF ablation outcomes between females
and males. Therefore, using the all-payer, nationally representative
Nationwide Readmissions Database (NRD), we sought to compare
sex-based outcomes, 30-day readmissions, and costs following cath-
eter ablation of AF.

Methods

A detailed description of the methods used in this study is in the
Supplementary material online. Briefly, data were obtained from the
United States Agency for Healthcare Research and Quality (AHRQ)
NRD, which is a publicly available research database designed to allow
nationally representative readmission analyses. Data from the NRD
between 2010 and 2014 were analysed. Each admission record in the
NRD contains information on patient diagnoses and procedures per-
formed based on International Classification of Diseases-Ninth Revision-
Clinical Modification (ICD-9-CM) codes. All hospitalizations for cath-
eter ablation of AF were selected by searching for admissions with a
primary ICD-9-CM diagnosis code for AF (427.31) and for catheter
ablation (37.34). Any admission with a secondary ICD-9-CM diagnosis
code for other arrhythmias or a procedure code for device implant-
ation was excluded (Supplementary material online, Table S1).
Patient-level variables, hospital-level variables, and cardiac diagnoses
were defined using ICD-9-CM codes, Clinical Classifications Software
(CCS) codes, or AHRQ comorbidity measures as defined in
Supplementary material online, Table S2. All study endpoints were
compared with respect to sex. The primary endpoint of this study
was 30-day all-cause readmission and secondary endpoints were in-
hospital mortality, procedural complications, and cost. Primary causes
of 30-day readmissions were identified using primary CCS and ICD-9-
CM diagnosis codes (Supplementary material online, Table S3).

All analyses were performed using SAS software, version 9.4 (SAS
institute, Cary, NC, USA). Categorical variables were shown as fre-
quencies and continuous variables were presented as mean or me-
dian. Baseline characteristics were compared by the Rao-Scott v2 test
for categorical variables and either survey-specific linear regression
or the Mann–Whitney–Wilcoxon non-parametric test for continuous
variables. To identify the association of female sex and endpoints, we
constructed multivariable logistic regression models by including
covariates that were associated with outcomes of interest in univari-
ate analysis (P < 0.10). In addition, we performed inverse probability-
weighting to account for imbalances in patient-level and hospital-level
characteristics between female and male patients. Cumulative inci-
dence curves were generated using the Kaplan–Meier method and
compared by using the log-rank statistic. Cumulative cost was defined
as cost of 30-day readmission plus cost of index admission. For
patients who were not readmitted, cumulative cost was equivalent to
cost of index admission. To examine factors associated with cumula-
tive cost, multivariable linear regression of log transformation of costs
was performed. All tests were two-sided with P-values <0.05 indicat-
ing statistical significance.

Results

Baseline characteristics of females and
males undergoing atrial fibrillation
ablation
The NRD database included 181 545 078 admissions between 2010
and 2014. Of these, 54 597 admissions for catheter ablation of AF
were identified with women accounting for 37.7% of the study popu-
lation (Table 1). There was a 4.3% increase in the proportion of
females undergoing AF ablation, from 37.2% in 2010 to 38.8% in 2014
(P-for-trend = 0.014). Compared to men, women were older and
had an increased prevalence of congestive heart failure, chronic lung
disease, anaemia, and valvular heart disease. Women were less likely
to have coronary artery disease and history of smoking, alcohol
abuse, and substance abuse. Overall, women had a higher burden of
co-morbidities (18.0% vs. 11.0% with Elixhauser co-morbidity score
> 4; P < 0.0001). Females resided in lower household income neigh-
bourhood by zip code and underwent ablation at more non-teaching
and low AF ablation volume hospitals. Compared to males, females
had longer index hospitalization stays but had lower index admission
hospitalization costs.

Complications during index
hospitalization for atrial fibrillation
ablation in females and males
The median length of stay during the index admission for AF ablation
was 1.0 (interquartile range [IQR] 1.0–2.4) days. The overall rate of
in-hospital mortality was 0.16% [95% confidence interval (CI) 0.12–
0.19%] and of any complication was 6.6% (95% CI 6.4–6.8%).
Unadjusted rates of specific complications associated with AF abla-
tion for the overall study population and stratified by sex are shown
in Figure 1. Women had similar in-hospital mortality rates compared
to men but higher rates of any complication (8.3% vs. 5.6%;
P < 0.0001). Univariate and multivariable risk factors of the occur-
rence of any complication are shown in Table 2. After adjustment for
clinical and hospital characteristics, female sex was independently
associated with AF ablation-associated complications with an
adjusted odds ratio (aOR) 1.39 (95% CI 1.23–1.58; P < 0.0001).
Furthermore, female sex was associated with increased cardiac per-
foration [aOR 1.39 (95% CI 1.10–1.76; P = 0.006)] and bleeding/vas-
cular complications, [aOR 1.49 (95% CI 1.28–1.73; P < 0.0001)]
(Table 3). Using inverse probability-weighting analysis, female sex was
also found to be associated with increased risk of death/any compli-
cation, cardiac perforation, and bleeding/vascular complications. In
subgroup analysis with multivariable logistic regression models, fe-
male sex was independently associated with increased complications
regardless of age < 65 years vs. age >_ 65 years (Supplementary ma-
terial online, Table S4). Compared to patients without prior heart fail-
ure, the impact of female sex on complications in the subgroup of
patients with heart failure was attenuated.

Thirty-day readmissions after atrial
fibrillation ablation in females and males
Among 54 411 patients who survived to discharge following AF abla-
tion, the 30-day all-cause readmission rate was 10.9% (95% CI 10.7–
11.2%). Readmission rates were significantly higher for women
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Table 1 Baseline patient and hospital characteristics for all patients and patients stratifed by sex undergoing atrial fib-
rillation ablation 2010–14

Characteristics Overall Female Male P-value

Number of admissions 54 597 20 623 33 974

Age, mean (SE), years 64.3 (0.15) 67.9 (0.16) 62.2 (0.16) <0.0001

Age group <0.0001

<65 25 572 (46.8) 6991 (33.9) 18 580 (54.7)

65–74 19 422 (35.6) 8074 (39.1) 11 348 (33.4)

75- 9603 (17.6) 5558 (26.9) 4046 (11.9)

History of CHF 9295 (17.0) 3960 (19.2) 5335 (15.7) <0.0001

Coronary artery disease 14 432 (26.4) 4499 (21.8) 9933 (29.2) <0.0001

Prior PCI 4311 (7.9) 1217 (5.9) 3094 (9.1) <0.0001

Prior CABG 3054 (5.6) 684 (3.3) 2370 (7.0) <0.0001

Prior PPM 6432 (11.8) 3768 (18.2) 2664 (7.8) <0.0001

Prior ICD 2835 (5.2) 761 (3.7) 2074 (6.1) <0.0001

Hypertension 31 704 (58.1) 12 459 (60.4) 19 245 (56.6) <0.0001

Diabetes mellitus 11 077 (20.3) 4223 (20.5) 6854 (20.2) 0.5945

Hyperlipidemia 24 489 (44.9) 9083 (44.0) 15 406 (45.3) 0.0954

Obesity 8641 (15.8) 3470 (16.8) 5171 (15.2) 0.0058

History of stroke 3303 (6.0) 1597 (7.7) 1706 (5.0) <0.0001

Valvular disease 7321 (13.4) 3420 (16.6) 3900 (11.5) <0.0001

Peripheral vascular disease 1847 (3.4) 712 (3.5) 1135 (3.3) 0.6860

Pulmonary hypertension 1643 (3.0) 1031 (5.0) 612 (1.8) <0.0001

Chronic lung disease 8163 (15.0) 3925 (19.0) 4237 (12.5) <0.0001

Smoking 2784 (5.1) 785 (3.8) 1999 (5.9) <0.0001

Renal disease 3880 (7.1) 1465 (7.1) 2416 (7.1) 0.9830

Alcohol abuse 647 (1.2) 82 (0.15) 565 (1.0) <0.0001

Substance abuse 211 (0.4) 20 (0.1) 191 (0.6) <0.0001

Cancer 572 (1.0) 223 (1.1) 348 (1.0) 0.7140

Anemia 3177 (5.8) 1832 (8.9) 1346 (4.0) <0.0001

Coagulopathy 1040 (1.9) 390 (1.9) 650 (1.9) 0.9152

Elixhauser co-morbidity score <0.0001

<_4 47 150 (86.4) 16 902 (82.0) 30 248 (89.0)

>4 7447 (13.6) 3721 (18.0) 3726 (11.0)

Hospital AF ablation volume <0.0001

1st quartile (lowest) 931 (1.7) 488 (2.4) 443 (1.3)

2nd quartile 3704 (6.8) 1610 (7.8) 2095 (6.2)

3rd quartile 9705 (17.8) 3858 (18.7) 5847 (17.2)

4th quartile (highest) 40 257 (73.7) 14 667 (71.1) 25 590 (75.3)

Elective procedure 37 557 (68.8) 13 603 (66.0) 23 953 (70.5) <0.0001

Median household income <0.0001

1st quartile (lowest) 10 523 (19.6) 4538 (22.3) 5985 (17.9)

2nd quartile 12 667 (23.6) 5172 (25.5) 7495 (22.5)

3rd quartile 14 234 (26.5) 5202 (25.6) 9032 (27.1)

4th quartile (highest) 16 245 (30.3) 5404 (26.6) 10 841 (32.5)

Primary payer <0.0001

Medicare 28 852 (52.9) 13 671 (66.3) 15 180 (44.7)

Medicaid 1605 (2.9) 587 (2.8) 1018 (3.0)

Private including HMO 22 363 (41.0) 5911 (28.7) 16 451 (48.4)

Self-pay/no charge/other 1757 (3.2) 448 (2.3) 1310 (3.9)

Continued
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..compared to men (13.4% vs. 9.4%; P < 0.0001). Median length of hos-
pitalization during readmission was 2.5 (IQR 1.2–4.5) days with an in-
hospital mortality rate of 2.2% (95% CI 1.9–2.6%). The leading causes
of in-hospital mortality during readmission were congestive heart fail-
ure (14%), pneumonia (11.9%), sepsis (10.8%), acute respiratory fail-
ure (7.9%), and cardiac arrest (5.6%). Baseline characteristics of
patients stratified by presence and absence of 30-day readmission are
shown in Supplementary material online, Table S5. Patient readmitted
following discharge from AF ablation were more likely to be female
and to have co-morbidities. The univariate and multivariable risk fac-
tors of 30-day all-cause readmission after initial hospitalization for AF
ablation are listed in Supplementary material online, Table S6. Female
sex was associated with a 25% increased risk of all-cause readmission
after AF ablation [aOR 1.25 (95% CI: 1.14–1.39); P < 0.0001].

Timing and causes of 30-day readmission
in females and males
The distribution of time to readmission following discharge from the
index hospitalization for AF ablation stratified by sex is shown in
Supplementary material online, Figure S1. The median time to 30-day
readmission for women and men were similar (P = 0.325). Overall,
cardiac causes and non-cardiac causes accounted for 59% and 41% of
all 30-day readmissions, respectively (Supplementary material online,
Figure S2). Specifically, AF/atrial tachycardia (AT) and congestive heart

failure accounted for 29% and 13% of all readmissions. The leading
categories of non-cardiac readmissions were infectious (8.4%),
gastrointestinal (5.3%), and vascular (4.7%). Hazard curves for all-
cause, AF/AT, cardiac and non-cardiac 30-day readmissions stratified
by sex are shown in Figure 2A–D. Using multivariable logistic regres-
sion analysis and inverse probability weighting analysis, female sex
was associated with an increased risk of 30-day all-cause, AF/AT, and
cardiac readmissions (Table 4). In subgroup analysis, female sex was
independently associated with all-cause readmission regardless of age
< 65 years vs. age >_ 65 years and of history of prior CHF vs. no CHF
(Supplementary material online, Table S7).

Total costs of atrial fibrillation ablation in
females and males
Compared to males, median index hospitalization costs for AF abla-
tion were significantly lower for females [$22 334 (IQR $15 256–
$29 538) vs. $23 299 (IQR $16 831–$30 043); P < 0.0001]. During
index hospitalization, women were significantly less likely to undergo
transthoracic/transoesophageal echocardiography, intracardiac echo-
cardiography, cardioversions, and unspecified cardiac diagnostic pro-
cedures (Supplementary material online, Table S8). Among patients
readmitted within 30 days, the median costs of readmission trended
higher for females compared to males [$5774 (IQR $3286–$10 661)
vs. $5519 (IQR $3263–$10 071); P = 0.076]. During readmissions,

....................................................................................................................................................................................................................

Table 1 Continued

Characteristics Overall Female Male P-value

Hospital location 0.0407

Urban 54 026 (99.0) 20 365 (98.7) 33 661 (99.1)

Rural 571 (1.0) 259 (1.3) 312 (0.9)

Hospital type 0.009

Teaching 40 571 (74.3) 15 056 (73.0) 25 515 (75.1)

Non-teaching 14 026 (25.7) 5568 (27.0) 8459 (24.9)

Hospital bed size 0.6784

Small 1892 (3.5) 735 (3.6) 1157 (3.4)

Medium 9471 (17.3) 3514 (17.0) 5957 (17.5)

Large 43 234 (79.2) 16 374 (79.4) 26 860 (79.1)

Length of index hospital stay,

mean (SE) [median], days

2.4 (0.04) [1.0; 1.0–2.4] 2.8 (0.05) [1.2; 1.0–2.8] 2.2 (0.04) [1.0; 1.0–2.0] <0.0001

Prolonged index hospital stay 15 770 (28.9) 7121 (34.5) 8649 (25.5) <0.0001

Length of stay, days >_ 3

Cost of index hospitalization, mean

(SE) [median], $

24 188 (398.5) [22 922;

16 189–29 839]

23 466 (371.9) [22 334;

15 256–29 538]

24 628 (440.2) [23 299;

16 831–30 043]

<0.0001

Index hospitalization disposition <0.0001

Home 53 350 (97.7) 19 918 (96.6) 33 432 (98.4)

Facilitya 1107 (2.0) 661 (3.2) 445 (1.3)

AMA/unknown 54 (0.1) 14 (0.07) 40 (0.12)

Died 86 (0.2) 30 (0.14) 56 (0.17)

AF, atrial fibrillation; AMA, against medical advice; CABG, coronary artery bypass graft; CHF, congestive heart failure; HMO, health maintenance organization; ICD, implantable
cardioverter-defibrillator; PCI, percutaneous coronary intervention; PPM, permanent pacemaker; SE standard error.
aFacility indicates skilled nursing facility, intermediate care facility, and inpatient rehabilitation facility.
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..females were more likely to undergo blood transfusions and thora-
centesis but had similar rates of cardiac procedures as males
(Supplementary material online, Table S9). Overall, cumulative (index
plus readmission) hospitalization costs for females after AF ablation
were significantly less at $23 111 (IQR $15 924–$30 583) vs. $23 819
(IQR $17 269–$30 874) (P < 0.001), respectively. After adjustment
for predictors of hospitalization costs including readmission, co-mor-
bidities, and hospital factors, female sex was associated with a small,
although statistically significant, 2.4% decrease in cumulative hospital-
ization costs (95% CI -0.042 to -0.007; P = 0.0067).

Discussion

In this analysis of a real-world, all-payer, nationally representative
NRD from the United States which included >54 000 index admis-
sion records between 2010 and 2014, we identified significant differ-
ences in the characteristics and outcomes between females and
males following catheter ablation of AF. First, compared to males,
females undergoing AF ablation were older and had more co-
morbidities. Second, even after adjusting for age, co-morbidities, and
hospital factors, women had more procedural complications. Third,
adjusted 30-day readmission rates for all causes, recurrent AF/AT,
and cardiac causes following AF ablation were 25%, 48%, and 40%
higher for females compared to males, respectively. Finally, surpris-
ingly, despite higher rates of complications and readmissions, total cu-
mulative costs for AF ablation were lower for women, which may
have been due to decreased resource utilization. To our knowledge,
this is the largest study based on an all-payer, nationally

representative population to examine the impact of female sex on
AF ablation outcomes and cost.

Consistent with findings from other studies, females undergoing
AF ablation in our study were older and had more co-morbidities.9–

11 A critical finding of our study is that the increased rate of complica-
tions among women undergoing AF ablation cannot be explained by
age and co-morbidity burden alone. Previous studies have shown
increased unadjusted rates of tamponade and bleeding among
women following AF ablation.11–13 To address confounding, we
adjusted for age and co-morbidities using both multivariable logistic
regression and inverse probability-weighting analysis and found that
female sex was an independent and strong risk factor for complica-
tions following ablation. Therefore, female-specific biologic factors
that increase the risk of complications are likely at play. Differences in
left atrial size, geometry, and substrate among women may increase
the risks of perforation during transseptal puncture and catheter ma-
nipulation and of steam pops during radiofrequency ablation energy
delivery. Increased vascular and bleeding complications among
women have been consistently described in the percutaneous coron-
ary intervention and acute coronary syndrome literature.14,15 Sex-
based variations in body size, vascular anatomy, and anticoagulation
response may account for increased rates of bleeding in women.

Furthermore, female sex is a strong predictor of 30-day all-
cause, AF/AT, and cardiac readmissions. Although previous single
centre studies revealed similar AF ablation success rates between
women and men,16,17 our study supports more recent data that
demonstrate higher rates of recurrent AF among women. Patel
et al.10 identified unadjusted AF recurrence rates of 32% in women
and 23% in men. A study based on administrative claims data

Figure 1 Rates of complications and mortality during index admission for atrial fibrillation ablation for the overall study population and stratified by
sex. CNS, central nervous system; Comp, complication.

Sex and AF ablation outcomes 3039
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Table 2 Predictors of combined mortality/any complication associated with atrial fibrillation ablation

Univariate Multivariable

Predictors Unadjusted OR P-value Adjusted OR P-value

(95% CI) (95% CI)

Female 1.51 (1.34–1.70) <0.0001 1.39 (1.23–1.58) <0.0001

Obesity 1.40 (1.20–1.64) <0.0001 1.34 (1.14–1.58) 0.0004

Anemia 2.67 (2.20–3.23) <0.0001 2.09 (1.71–2.55) <0.0001

Coagulopathy 3.85 (2.89–5.14) <0.0001 3.22 (2.34–4.41) <0.0001

Hospital AF ablation volume

1st quartile 1.54 (1.12–2.11) 0.007 1.48 (1.04–2.08) 0.027

2nd quartile 1.74 (1.43–2.13) <0.0001 1.76 (1.41–2.19) <0.0001

3rd quartile 1.53 (1.31–1.79) <0.0001 1.51 (1.28–1.77) <0.0001

4th quartile 1 (ref) 1 (ref)

Age 1.01 (1.00–1.02) 0.0006

CHF 1.36 (1.18–1.57) <0.0001

Diabetes mellitus 1.24 (1.07–1.43) 0.004

History of stroke 1.27 (1.03–1.58) 0.028

Valvular disease 1.26 (1.07–1.49) 0.005

Pulmonary hypertension 1.35 (1.02–1.80) 0.037

Chronic pulmonary disease 1.23 (1.05–1.45) 0.013

Smoking 0.79 (0.61–1.03) 0.083

Chronic renal disease 1.70 (1.40–2.05) <0.0001

Teaching hospital 1.18 (0.98–1.43) 0.076

Primary payer

Medicare 1 (Ref)

Medicaid 0.86 (0.65–1.15) 0.312

Private includingHMO 0.82 (0.72–0.94) 0.005

Self-pay/no charge/other 0.97 (0.66–1.43) 0.881

Among the 54 597 estimated admissions, there were 3613 (6.6%) combined mortality/any complication events analysed in the logistic regression model.
AF, atrial fibrillation; AMA, against medical advice; CABG, coronary artery bypass graft; CHF, congestive heart failure; HMO, health maintenance organization; ICD, implantable
cardioverter-defibrillator; PCI, percutaneous coronary intervention; PPM, permanent pacemaker; SE standard error.

........................... ............................................................................... .....................................

....................................................................................................................................................................................................................

Table 3 Unadjusted and adjusted odds ratios for procedural complications based on female sex (male as reference)

Event rates (%) Logistic regression

analysis

Inverse probability

weighting analysis

Complications Female Male Unadjusted

OR (95% CI)

P-value Adjusted

OR (95% CI)

P-value Adjusted

OR (95% CI)

P-value

Cardiac perforation/effusion/tamponade 2.2 1.6 1.44 (1.16–1.78) 0.0011 1.39 (1.10–1.76) 0.006 1.36 (1.06–1.75) 0.015

Bleeding/vascular complications 5.6 3.4 1.67 (1.45–1.92) <0.0001 1.49 (1.28–1.73) <0.0001 1.46 (1.24–1.71) <0.0001

CNS complication 0.34 0.23 1.48 (0.91–2.39) 0.114 1.20 (0.70–2.06) 0.497 1.22 (0.67–2.22) 0.526

Pneumothorax 0.26 0.20 1.28 (0.65–2.54) 0.476 1.08 (0.54–2.15) 0.838 1.14 (0.50–2.60) 0.750

Other cardiac complication

/cardiogenic shock/arrest

1.24 1.07 1.17 (0.86–1.58) 0.314 1.16 (0.84–1.60) 0.364 1.16 (0.83–1.61) 0.395

Death 0.14 0.17 0.87 (0.42–1.80) 0.697 0.64 (0.33–1.23) 0.180 0.56 (0.28–1.11) 0.099

Any complication 8.3 5.6 1.51 (1.34–1.70) <0.0001 1.39 (1.23–1.58) <0.0001 1.35 (1.18–1.54) <0.0001

CNS, central nervous system; OR, odds ratio.
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..obtained largely from private payers on AF ablations performed
between 2007 and 2011 identified a modest 12% increase in the
rate of AF readmissions among women.11 In comparison, we
found a 48% increase in AF readmissions among women. Because

the NRD is an all-payer, nationally representative database, our
study population was older, as >50% of our cohort had Medicare
insurance. Our findings are consistent with those of a recent sub-
analysis of the FIRE and ICE trial, which found that female sex was

Figure 2 Hazard curves for 30-day readmission stratified by sex. (A) All-cause readmission. (B) Atrial fibrillation/tachycardia readmission. (C)
Cardiac readmission. (D) Non-cardiac readmission. AF, atrial fibrillation; AT, atrial tachycardia; CV, cardiac; Non-CV, non-cardiac.

.......................... ............................................................................. ..............................................................

....................................................................................................................................................................................................................

Table 4 Unadjusted and adjusted odds ratios for all-cause, atrial fibrillation/tachycardia, cardiac, and non-cardiac 30-
day readmissions based on female sex (male as reference)

Event rates (%) Logistic regression analysis Inverse probability weighting analysis

Outcomes Female Male Unadjusted

OR (95% CI)

P-value Adjusted

OR (95% CI)

P-value Adjusted

OR (95% CI)

P-value

All-cause readmission 13.4 9.4 1.49 (1.36–1.63) <0.0001 1.25 (1.14–1.39) <0.0001 1.25 (1.12–1.39) <0.0001

AF/AT readmission 3.9 2.8 1.44 (1.23–1.68) <0.0001 1.48 (1.25–1.75) <0.0001 1.39 (1.17–1.66) 0.0002

Cardiac readmission 8.2 5.5 1.54 (1.38–1.73) <0.0001 1.40 (1.23–1.58) <0.0001 1.36 (1.18–1.55) <0.0001

Non-cardiac readmission 5.2 3.9 1.34 (1.17–1.54) <0.0001 1.08 (0.92–1.25) 0.349 1.08 (0.91–1.28) 0.368

AF/AT, atrial fibrillation/tachycardia; CI, confidence interval; OR, odds ratio.
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..independently associated with a 37% increase in recurrent AF
post-ablation.18

The potential reasons for increased AF readmissions among women
are myriad. First, women are often referred for ablation at a later time
during their course of AF, which translates to a higher prevalence of
non-paroxysmal AF10 and co-morbidities which are associated with
more AF recurrences. Second, several studies have shown an
increased rate of non-PV triggers among women,10,19 which are associ-
ated with increased post-ablation AF recurrences.20,21 Third, sex-
based differences in atrial substrate may be a factor. Female sex has
been independently associated with increased atrial fibrosis as defined
by cardiac magnetic resonance imaging.22 Finally, beyond AF recur-
rence itself, symptom burden can be a driver of readmission. Given
that women tend to be more symptomatic from AF than men,3,4 an
increased desire to seek medical attention may drive readmissions.

A major paradoxical finding in our study was that despite increased
complication rates, readmission rates, and lengths of stay among
women, the unadjusted cumulative costs for AF ablation were not
higher for women. Notably, women had significantly lower costs at
index admission for AF ablation, which may have been driven by
decreased utilization of cardiac procedures and testing. Specifically, we
identified lower rates of cardioversion, all forms of echocardiographic
imaging, and other cardiac diagnostic procedures among women. In this
study, reduced use of imaging such as intracardiac echocardiography did
not appear to lead to increased complications among women. In an ex-
ploratory analysis, we identified no difference in unadjusted rates of
complications among women who underwent intracardiac echocardi-
ography at index admission vs. those who did not (8.0% vs. 9.5%;
P = 0.125). Regardless, the reasons for the disparity in management are
unclear, especially since female patients in our cohort were older and
had more co-morbidities. We found that women were more likely to
have procedures performed at lower AF ablation volume hospitals and
at non-teaching hospitals and hence, cost considerations may have been
a factor. Our findings add to a growing body of literature showing
decreased utilization of cardiac testing and procedures among women
compared to men who are undergoing treatment for the same diagno-
ses. A study based on the Nationwide Inpatient Sample found signifi-
cantly lower rates of echocardiography use among females undergoing
cardiac admission when compared to males.23 Another study found

that women had increased re-hospitalizations for AF after ablation, but
paradoxically had less subsequent cardioversions.11 Finally, younger
women with ST elevation myocardial infarction have been shown to be
less likely to receive revascularization compared to men.24 This, to-
gether with increased pre-hospital delays has translated to increased
mortality in women with ST elevation myocardial infarction.25 These
unexplained sex-based differences and disparities in care raised by our
study (Take home figure) and others underscore the importance of
detailed investigation into its root causes.

Study limitations
Our study has several limitations. First, this is a retrospective study
based on administrative data from the NRD. Therefore, clinical varia-
bles such as type and duration of AF, left atrial volume, left ventricular
ejection fraction, body mass index, and medication use were lacking. In
addition, details from the AF ablation procedures such as PV isolation
technique, targeting of non-PV triggers, and creation of linear ablation
lesions were not available. Second, although the NRD sample is
designed to approximate the national distribution of hospital charac-
teristics, it is derived from a 50% sample of all US hospitals, which may
introduce over- or under-representation of certain hospital types.
In addition, the NRD only includes information from 22 states in
the USA, which may limit its generalizability to the entire national
population. Third, miscoded and missing data can occur in large
administrative datasets, which can compromise quality of estimates.
However, Healthcare Cost and Utilization Project quality control
measures are routinely performed to confirm data validity and reliabil-
ity.26 Fourth, patients who underwent AF ablation in one state but
were readmitted to another state would not be tracked by the NRD,
which would lead to under-estimation of true readmission rates.
Finally, the NRD does not provide information on referring or operat-
ing physician demographics which precludes any analysis of physician-
based factors that might impact outcomes.

Conclusions

In this contemporary, nationally representative cohort of patients
undergoing catheter ablation of AF, female sex was independently

Take home figure Summary of study findings and of potential differences and disparities that account for sex-based differences in outcomes
after atrial fibrillation ablation. AF, atrial fibrillation; PV, pulmonary veins.
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.
associated with worse outcomes. After adjustment for age and co-
morbidities with both multivariate regression and inverse probability
weighting analysis, women had higher rates of complications and 30-
day readmissions. Paradoxically, despite increased complications and
readmissions, costs associated with AF ablation were not higher
among women, which may have reflected sex-based variations in re-
source utilization. Our findings underscore the importance of recog-
nizing and distinguishing between sex-based differences and
disparities that explain worse outcomes among women after AF
ablation.

Supplementary material

Supplementary material is available at European Heart Journal online.
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