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StudyObjectives:A strong association between sleep-disordered breathing (SDB) and atrial fibrillation and/or atrial flutter (AF) has consistently been observed
in epidemiologic and interventional studies. The effect of positive airway pressure (PAP) on AF recurrence is inconclusive. This study sought to evaluate
the effectiveness of PAP therapy for SDB on AF recurrence.
Methods: This was a single-center, retrospective study conducted at a tertiary referral center. All adult patients who had SDB on polysomnography and
underwent AF intervention (ablation or cardioversion) following polysomnography from January 1992-December 2014 were analyzed. Primary outcome was
time to first-documented recurrence of AF after AF intervention by Kaplan–Meier estimates.
Results:Among 30,188 patients with obstructive and central SDB, 429 had this diagnosis before AF intervention; 269 were “PAP-adherent users,” the remaining
160 were “PAP-nonusers.” Patients in both groups had similar age, sex, body mass index (BMI), ejection fraction, left atrial volume index (LAVI), antiarrhythmic
medications, diabetes mellitus, systemic hypertension, and heart failure diagnoses. Time to recurrence of AF postintervention was no different in PAP-adherent
users and nonusers (4.8 and 4.1 months respectively,P =.7). Cardioversion (compared to catheter ablation) was the strongest independent predictor of recurrent
AF (hazard ratio [HR] 2.02, 95% confidence interval [CI] 1.39–2.94, P < .001). BMI and LAVI were also significant predictors of recurrence in adjusted analyses
(HR 1.01, 95% CI 1.003–1.023, P = .10 and HR 1.01, 95% CI 1.001–1.019, P = .024 respectively).
Conclusions:Our study found no effect of PAP treatment of SDB on time to recurrence of AF post-AF intervention. Increased risk of recurrent AFwas associated
with high BMI and LAVI. These findings may affect the clinical management of AF.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: The literature on the impact of positive airway pressure (PAP) treatment on the recurrence of atrial fibrillation/atrial
flutter (AF) is inconclusive.
Study Impact: This retrospective study is the largest to date examining the effect of PAP treatment of sleep disordered breathing and did not find an effect
of adequate PAP use on time to first recurrence of AF post-catheter ablation or cardioversion. Further large prospective randomized-controlled trials
are required to guide clinical decisions.

INTRODUCTION

Atrial fibrillation and/or atrial flutter (AF) are the most common
cardiac arrhythmias, are increasing in prevalence, and are asso-
ciated with heightened mortality, morbidity, and cost burden.1

Similarly, obstructive sleep apnea (OSA) is increasing in preva-
lence, due in part to better recognition and diagnosis.2 OSA and
AF share multiple risk factors including advancing age, male
sex, obesity, hypertension, and heart failure.3 An independent
and consistent association between OSA and AF has been
reported.4,5 Additionally, there is a strong relationship be-
tween AF and OSA in heart failure, although central sleep apnea
(CSA) is seen frequently in this population as well.6,7

There is great interest in the effect of treatment of sleep-
disordered breathing (SDB) on cardiac arrhythmias.8 Many
potential pathophysiologic OSA triggers for AF such as

hypoxemia, autonomic remodeling, left atrial stretch, and
inflammation are attenuated by positive airway pressure (PAP)
therapy.9 Yet, in the absence of rigorous studies, the role of PAP
treatment of SDB in AF outcomes remains unproven.10 This
study examines the effect of PAP therapy for SDBon time tofirst
documented recurrence ofAF following interventions to restore
sinus rhythm, including cardioversion (chemical and direct
current) and catheter ablation.

METHODS

Study Population
We performed a retrospective study using a prospectively main-
tained registry. Eligibility criteria included adult (age older
than 18 years) male and female patients who underwent standard,
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attended, in-laboratory polysomnography (PSG) atMayo Clinic,
Rochester, Minnesota, from 1992 to 2014. Each patient must
have experienced an episode of electrocardiography (ECG)-
documented atrial fibrillation and/or flutter (referred to col-
lectively as AF for this analysis) at any time point before PSG.
International Classification of Diseases, Ninth Revision codes
for AF (427.31 and 427.32) were used to identify potential
patients. Consecutive chart review was manually conducted to
ensure inclusion criteria were met and to abstract data on medical
history,medication use, ECG, hospital visits, and cardiac imaging.

Patients with AF who were treated with a rate-control strategy
and did not undergo pulmonary vein ablation or chemical or direct
current cardioversion were excluded, as were those in whom the
intervention occurred before PSG. Patients were also excluded if
the date of AF intervention could not be accurately ascertained.

After determination of AF, PSG data were evaluated. Patients
with a diagnosis of SDB (obstructive, central, or mixed) pre-
scribed any form of PAP therapy who were adherent to the
device was classified as the treatment group. Those with a di-
agnosis of SDB who were not on any treatment (including

non-PAP alternatives such as an oral appliance) or were non-
adherent to PAP served as the control group. We identified the
endpoint of date of recurrence of AF by the first ECG-
documented episode of AF in the inpatient or outpatient
setting (with or without symptoms).

All study participants provided authorization for records
to be used for purposes of medical research. This study was
approved by the Mayo Clinic Institutional Review Board.

Polysomnography
All patients underwent attended, in-laboratory PSG at theMayo
Clinic Center for Sleep Medicine. The laboratory is accredited
by the American Academy of Sleep Medicine. PSG data were
scored in a standard fashion by registered polysomnographic
technologists and interpreted by board-certified sleepmedicine
specialists in compliance with rules, terminology, and tech-
nical specifications as specified by the American Academy of
SleepMedicine. Every studywas dual reported by a consultant,
and every study was rereported in blinded fashion to ensure
interreporter and intrareporter reliability and validity. Standard

Figure 1—Enrollment.

CSA = central sleep apnea, OSA = obstructive sleep apnea, PAP = positive airway pressure.
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recording parameters included electroencephalogram, electro-
myogram of the limbs and submental area, electrooculogram,
nasal pressure transducer and oronasal thermistor airflow mea-
surements, thoracic and abdominal inductance plethysmogra-
phy, ECG, digit pulse oximetry, body position sensor, upper
airway sound recording, and video monitoring. Apneas were
defined as a decrease in oronasal thermistor or alternate sensor
amplitude by ≥ 90% from baseline for ≥ 10 seconds; hypopneas
were defined as a decrease in nasal pressure transducer signal
by ≥ 30% for 10 seconds or more with a ≥ 4% oxygen desa-
turation from preevent baseline. Respiratory events with as-
sociated inspiratory effort were scored as obstructive, whereas

events with absent effort were scored as central. CSA was de-
fined as a central apnea-hypopnea indexmore than 5 per hour on
the diagnostic study, with more than 50% of the apneas plus
hypopneas being central in nature. OSA was defined as an
obstructive apnea-hypopnea index more than 5 per hour on the
diagnostic study, with more than 50% of the apneas plus hypo-
pneas being obstructive in nature. Patients with mixed sleep
apnea had an equal number of apneas plus hypopneas that were
deemed to be obstructive and central in nature on the diagnostic
study. Hypopneas were noted to be obstructive appearing or
central appearing by the interpreting sleep medicine physician
in the study report. Similarly, Cheyne-Stokes breathing was

Table 1—Patient characteristics.

Variable All Patients
(n = 429)

Cases
(n = 269)

Controls
(n = 160) P

Male patients, n (%) 321.0 (74.8) 211.0 (78.4) 110.0 (68.8) .08

Age, years, mean (SD) 63.9 (11.7) 64.2 (11.0) 61.5 (14.2) .80

BMI, kg/m2, mean (SD) 35.0 (10.5) 35.5 (11.9) 34.3 (7.5) .31

Median 33.7 33.8 33.0

Range 15.6–191.0 22.0–191.0 15.6–70.6

Diabetes mellitus, n (%) 118.0 (27.5) 80.0 (29.7) 38.0 (23.8) .22

Systemic hypertension, n (%) 328.0 (76.5) 202.0 (75.1) 126.0 (78.8) .41

Thyroid disease, n (%) .48

Hyperthyroid 4.0 (0.9) 3.0 (1.1) 1.0 (0.6)

Hypothyroid 54.0 (12.6) 38.0 (14.1) 16.0 (10.0)

CAD (or prior MI), n (%) 172.0 (40.1) 105.0 (39) 67.0 (41.9) .61

Heart failure 181.0 (42.2) 117.0 (43.5) 64.0 (40.0) .54

Type of AF intervention .004

Cardioversion, n (%) 321.0 (74.8) 214.0 (66.7) 107.0 (33.3)

AF ablation, n (%) 108.0 (25.2) 55.0 (50.9) 53.0 (49.1)

Ejection fraction, mean (SD) 57.1 (11.9) 56.6 (12.1) 57.8 (11.6) .28

Median 60.0 60.0 61.0

Range 10.0–85.0 10.0–75.0 15.0–85.0

Left atrial size, mean (SD) 95.5 (28.3) 95.3 (28.6) 95.9 (27.9) .91

Left atrial volume-index, mean (SD) 44.7 (14.3) 44.5 (12.9) 45.1 (16.5) .78

Medications at dismissal, n (%)

Amiodarone 75.0 (17.5) 48.0 (17.8) 27.0 (16.9) .89

Beta blockers 299.0 (69.7) 186.0 (69.1) 113.0 (70.6) .83

Dihydropyridines 44.0 (10.3) 24.0 (8.9) 20.0 (12.5) .25

Nondihydropyridines 97.0 (22.6) 186.0 (69.1) 113.0 (70.6) .10

Disopyramide 1.0 (0.2) 0.0 (0.0) 1.0 (0.2) .37

Dofetilide 33.0 (7.7) 22.0 (8.2) 11.0 (6.9) .71

Flecainide 14.0 (3.3) 10.0 (3.7) 4.0 (2.5) .58

Digoxin 49.0 (11.4) 42.0 (15.6) 7.0 (4.4) < .001

Procainamide 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Propafenone 33.0 (7.7) 23.0 (8.6) 10.0 (6.3) .46

Sotatol 79.0 (18.4) 52.0 (19.3) 27.0 (16.9) .61

ACE inhibitors 199.0 (46.4) 128.0 (47.6) 71.0 (44.4) .55

Diuretic 217.0 (50.6) 140.0 (52.0) 77.0 (48.1) .49

ACE = angiotensin-converting enzyme, AF = atrial fibrillation and/or atrial flutter, BMI = body mass index, CAD = coronary artery disease, MI = myocardial
infarction, SD = standard deviation.
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scored on the sleep study applying the scoring rules in use at
the time and mentioned in the study interpretation by the sleep
medicine physician if applicable; this finding also contributed
to the overall diagnostic classification as OSA, CSA, or mixed
sleep apnea made by the physician.

Electrocardiography
The presence or absence of AF was determined through a
manual review of the electronic medical record for each case
and control. All patients had ECGs performed with scheduled
routine follow-up or as clinically indicated. AFwas defined as a
diagnosis of atrial fibrillation and/or atrial flutter with confir-
mation by ECG.

Determination of PAP Adherence and Efficacy
Adherence to treatment was defined as equal to or greater than
4 hours of nightly use on at least 70% of days in the past 30 days
or more.11,12 Information on PAP adherence and efficacy was
determined based on review of objective download data from
the electronic medical record.

Statistical Analysis
Continuous variables were reported as means, standard de-
viation and median, interquartile range. All categorical vari-
ables were reported as counts with percentages. For patients
with multiple AF interventions, only the first AF intervention

during the study periodwas included in the analysis. A time-to-
event model was initiated at the time of AF intervention and
followed until recurrence of AF or date of last follow-up.
Survival was presented using the Kaplan–Meier plot and tested
using the log-rank test.

For the analyses, the groups were divided into four based
on their type of SDB and treatment: (1) all types of SDB with
treatment; (2) OSAwith treatment; (3) CSAwith treatment; and
(4) mixed sleep apnea with treatment. All groups were compared
against the group that did not receive PAP therapy similarly di-
vided into four groups: (1) all types of SDB without treatment;
(2) OSA with nontreatment; (3) CSA with nontreatment; and
(4) mixed sleep apnea with nontreatment.

Univariate analyses for the outcome of AF recurrence were
performed using two-tailed Fisher exact test for age, sex, body
mass index (BMI), neck circumference, Epworth Sleepiness
Scale score, thyroid disease, systemic hypertension (or the use
of antihypertensive medications), diabetes mellitus (or the use
of diabetic medications) coronary artery disease and heart failure.
Univariate analyses were also performed using echocardiography
data including ejection fraction, left atrial volume, left atrial
volume index (LAVI), grading of diastolic dysfunction and
medications at dismissal including amiodarone, beta blockers,
dihydropyridines, nondihydropyridines, disopyramide, dofetilide,
flecainide, procainamide, propafenone, sotatol, digoxin, diuretics
and angiotensin-converting enzyme inhibitors. Last, univariate

Table 2—Baseline polysomnography.

Variable Case Control P

Epworth Sleepiness Scale score .49

Mean (SD) 9.1 (5.88) 8.6 (5.00)

Median (IQR) 8.0 (5.0, 12.0) 8.0 (5.0, 12.0)

Neck circumference .03

Mean (SD) 43.1 (4.58) 41.8 (4.33)

Median (IQR) 43.0 (40.0, 46.0) 42.0 (38.0, 44.5)

Apnea-hypopnea index, events/h < .001

Mean (SD) 30.8 (25.25) 23.7 (23.34)

Median (IQR) 21.0 (12.0, 42.0) 15.0 (8.0, 29.0)

Arousal index, events/h .26

Mean (SD) 47.7 (26.75) 44.1 (24.85)

Median (IQR) 41.0 (29.1, 63.8) 39.6 (26.2, 52.2)

Mean nocturnal oxyhemoglobin saturation, % .15

Mean (SD) 92.4 (2.28) 92.5 (2.79)

Median (IQR) 93.0 (91.0, 94.0) 93.0 (92.0, 94.0)

Lowest nocturnal oxyhemoglobin saturation, %

Mean (SD) 81.6 (6.64) 82.6 (7.05) .02

Median (IQR) 83.0 (79.0, 86.0) 85.0 (80.0, 87.0)

Type of sleep-disordered breathing, n (%) .12

Obstructive sleep apnea 216 (80.3) 135 (84.4)

Central sleep apnea 11 (4.1) 10 (6.3)

Mixed sleep apnea 42 (15.6) 15 (9.4)

IQR = interquartile range, SD = standard deviation.
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analyses were performed using polysomnographic variables in-
cluding apnea-hypopnea index, mean oxyhemoglobin saturation,
minimum oxyhemoglobin saturation, arousal index as well
as any PAP usage and PAP adherence. Age, sex, BMI, thyroid
disease, other medical comorbidities, echocardiographic data, and
medication use at the time of AF intervention were identified by
reviewing the detailed medical record. These covariates were
chosen as they were considered to be important risk factors for
recurrence of AF as shown in non-OSA studies and are po-
tential confounders or effect-modifiers. Following univariate
analyses, multiple logistic regression analyses were performed
with all the covariates and separately with only covariates where
the association with AF was significant or borderline significant
(P < .05 a priori) in the univariate analysis, that is, BMI, left
atrial size, LAVI, type of intervention, and use of diuretics and
digoxin. Further analyses were conducted using PAP adherence
as an additional covariate in the latter model as well as with any
PAPusage insteadofPAPadherence.All analyseswereperformed
with JMP statistical software version 14 (SAS Institute, Cary,
North Carolina, United States).

RESULTS

An initial database query yielded 30,188 possible individuals
with documented SDB on PSG. After consecutive chart review
29,759 individuals were excluded because they did not have

AF with an attempt at restoration of sinus rhythm by catheter
ablation or cardioversion after PSG. Individuals in whom the
AF intervention occurred before PSGwere excluded. Individuals
were also excluded if the date of AF intervention was inde-
terminable, leaving 429 individuals eligible for inclusion in the
analysis (Figure 1).

Characteristics of the Study Population
After categorization of AF interventions, patients were clas-
sified into groups by type of SDB with adherence to PAP
treatment or controls (patients who elected not to use therapy
or were nonadherent to PAP therapy).

Baseline characteristics for the 269 cases and 160 control
patients are outlined in Table 1. A total of 56 patients (13.1%)
demonstrated some PAP use but were not adherent with the
device as defined previously. The treatment and control groups
had similar sex distribution, age, BMI, and rates of diabetes,
hypertension, thyroid disease, coronary artery disease, and
congestive heart failure. Baseline echocardiography param-
eters including ejection fraction, left atrial size and LAVI
were also similar. Medications at dismissal were comparable be-
tween groups, except the treatment group had a higher usage of
digoxin (15.6% versus 4.4%, P = .0003). Cardioversion as an AF
interventionwas significantlymore common in the treatment group
compared to the control group (66.7% versus 33.3%, P = .004).

Table 2 describes the characteristics of the PSG. The treat-
ment and control groups had similar Epworth Sleepiness Scale

Figure 2—Time to recurrence of AF for all sleep apnea types, in those adherent and nonadherent to treatment.

Survival probability (depicted on the y axis) is the probability of survival free of AF. Time to event (depicted on the x axis) is the time to first documented
ECG recurrence of AF. Compliance refers to adherence to positive airway pressure treatment with 0 representing nonadherent to treatment group and
1 representing adherent to treatment group. AF = atrial fibrillation and/or atrial flutter, ECG = electrocardiography.
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scores, arousal index, mean nocturnal oxyhemoglobin sat-
uration, and type of SDB, with no statistically significant
differences. The treatment group had slightly larger neck
circumference (43 versus 42 cm, P = .026), a higher apnea-
hypopnea index (30.8 versus 23.7 events/h, P = .0002), and
slightly lower nadir nocturnal oxyhemoglobin saturation
(81.6 versus 82.6%, P = .02). Review of the clinical follow-up
notes including objective PAP download data did not suggest
that SDB was undertreated in the PAP-adherent patients and
none of these patients underwent repeat sleep study under the
direction of the treating sleep medicine provider.

Duration of Recurrence of AF
Median duration of follow-up was 4.6 months (interquartile range
17.5) for the entire sample. Overall, in all types of patients with
SDB, time to first-documented recurrence of AF was not signif-
icantly different between groups (median 4.8 [0.9, 18.5]months in
the treatment group versus 4.1 [1.2, 18.0] months in the control
group) by Kaplan–Meier analysis (log-rank P = .70, Figure 2).

We performed a subgroup analysis for the same outcome,
with patients classified by the type of SDB (OSA, CSA, and
mixed sleep apnea). In 321 patients with OSA (216 individuals
in the PAP-treatment group and 135 in the control group), time
to recurrence of AF was not significantly different between
groups (median 9.4 [1.5, 40.7] months in the treatment group
versus 9.5 [2.3, 43.2] months in the control group) by Kaplan–
Meier analysis (log-rank P = .94, Figure 3).

In 21 patients with CSA (11 in PAP-treatment group and
10 in the control group), time to recurrence of AF was not sig-
nificantly different between groups (median 3.2 [0.5, 4.1] months
inPAP treatment groupversus7.3 [0.5, 19.7]months in the control
group by Kaplan–Meier analysis (log-rank P = .96, Figure 4).

In 57 patients with mixed sleep apnea (42 in PAP-treatment
group and 15 in control group), time to recurrence of AF was
not significantly different between groups (median 15.1 [4.3,
22.6] months in PAP-treatment group versus 39.9 [4.8, 60.8]
months in the control group) byKaplan–Meier analysis (log-rank
P = .12, Figure 5).

Analysis by sex, including all types of SDB (log-rank
P = .69), patients with OSA (log-rank P = .57), patients with
CSA (log-rank P = .81), and mixed sleep apnea (log-rank
P = .12), showed that time to recurrence of AF was not sig-
nificantly different between groups.

Univariate Analysis
Table 3 summarizes the statistically significant univariate as-
sociations between the outcome variables and recurrent AF
(P < .05). Patients with higher BMI, left atrial size, and LAVI,
and those treated with disopyramide, diuretic, or digoxin had a
higher risk of AF recurrence during follow-up. From a pro-
cedural perspective, patients who underwent cardioversion had
higher risk of recurrence of AF compared with catheter abla-
tion (hazard ratio [HR] 2.26, 95% confidence interval [CI]
1.61–3.17; P < .0001). None of the other demographic, clinical,

Figure 3—Time to recurrence of AF for the obstructive sleep apnea group, in those adherent and nonadherent to treatment.

Survival probability (depicted on the y axis) is the probability of survival free of AF. Time to event (depicted on the x axis) is the time to first documented ECG
recurrence of AF. Compliance refers to adherence to positive airway pressure treatment with 0 representing nonadherent to treatment group and 1 representing
adherent to treatment group. AF = atrial fibrillation and/or atrial flutter, ECG = electrocardiography.
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or polysomnographic variables in Table 1 and Table 2 were
found to be significantly associated with AF recurrence in
univariate analyses.

Multivariate Analysis
Table 3 summarizes borderline and statistically significant
associations on multivariate analyses including covariates of
BMI, left atrial size, LAVI, type of intervention (cardioversion
compared with catheter ablation), and use of diuretics and di-
goxin.We did not include disopyramide in the analysis because
of a limited number of study participants. Type of intervention
(cardioversion compared to catheter ablation) was the stron-
gest independent predictor of recurrent AF (HR 2.016, 95%
CI 1.38–2.94, P = .0003). Higher BMI (P = .010) and LAVI
(P = .024) were also significant predictors of recurrent AF in
adjusted analyses; there was a borderline significant association
between the use of digoxin and increased risk of recurrence of
AF (P = .052). In multiple regression analyses additionally
accounting for PAP adherence as a covariate and any PAP usage
instead of PAP adherence, results were similar (not shown).

In female participants, among the variables of BMI, LAVI,
type of intervention (cardioversion compared with catheter
ablation), and use of digoxin, only BMI was an independent
predictor of recurrent AF after intervention (HR 1.027, 95% CI
1.001–1.053,P= .0412) (Table S1 in the supplementalmaterial).

In male participants, among the variables of BMI, LAVI,
type of intervention (cardioversion compared with catheter

ablation), and use of digoxin, only type of intervention was an
independent predictor of recurrent AF after intervention
(HR 1.926, 95% CI 1.25–2.97, P = .003) (Table S2 in the
supplemental material).

DISCUSSION

Main Findings
In the largest sample studied to date of a rigorously abstracted
sample of patients with SDB and AF, we showed no effect of
PAP treatment of SDB in those adherent to the use of the
device on time to first ECG-documented AF recurrence fol-
lowing cardioversion or catheter ablation. This finding is im-
portant because, in the absence of supporting high-level evidence,
many patients with AF are referred for SDB testing and treatment,
at significant expense and resource utilization, in the hopes of
altering AF outcomes.

As our findings contradict other published studies,13–15

including one from our own institution,16 which show SDB
treatment effects on important AF outcomes, we should draw
attention to methodologic distinctions. Our sample size of
patients proven to have both AF and SDB by attended PSG is
larger and more detailed than any other. Our study is the first
to determine the effects of PAP therapy in terms of duration
of recurrence of AF after intervention.10 Prior studies that an-
alyzed the effect of PAP therapy in recurrence of AF in patients

Figure 4—Time to recurrence of AF for the central sleep apnea group, in those adherent and nonadherent to treatment.

Survival probability (depicted on the y axis) is the probability of survival free of AF. Time to event (depicted on the x axis) is the time to first documented ECG
recurrence of AF. Compliance refers to adherence to positive airway pressure treatment with 0 representing nonadherent to treatment group and 1 representing
adherent to treatment group. AF = atrial fibrillation and/or atrial flutter, ECG = electrocardiography.
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with OSA focused on risk factors and were inconsistent.16–19

Because of the nature of the disease and contemporary standard
treatments, a randomized trial focused on AF in patients with
OSA alone is a logistical challenge. A recent small randomized
trial failed to show a difference in time to recurrence of AF in
treated versus untreated SDB.20 Our study excluded patients
who did not undergo intervention for their atrial fibrillation.
It is conceivable that the effects of treatment of SDB may have
been more pronounced in patients whose AF was managed
using a rate-control strategy rather than cardioversion or
catheter ablation. Finally, the patients in our study were gen-
erally not sleepy and a previous study also showed that most
patients with SDB and AF do not report sleepiness; it is un-
known whether sleepiness can affect the natural history of AF
or modify the effects of treatment of SDB.21

Left Atrial Volume Index
Our study demonstrated that increase in LAVI was indepen-
dently associated with an increase in the probability of re-
current AF intervention, but the strength of association was
small. OSA can contribute to left atrial enlargement by sudden
negative intrathoracic pressures that lead to repetitive atrial stretch
and gradually to left atrial enlargement.22 As a result of left atrial
enlargement, OSA can contribute to remodeling at the pul-
monary vein ostia, a site known to initiate and propagate AF.23

There is sparse literature on the effects of PAP therapy on
cardiac structure, in particular, LAVI.24

Medications
In our study, any concomitant treatment was left to the treating
clinicians’ discretion. As a consequence, any apparent effect
of drugs such as diuretics, antiarrhythmics, beta blockers,
and angiotensin-converting enzyme inhibitors on AF recur-
rence could be biased by the indications for their use. There
have been changes in the recommendations regarding the
treatment of AF over the years.25–27 Additionally, it is possible
that there were changes in the dosage and adherence to anti-
arrhythmic medications during the follow-up period in the two
groups. Nevertheless, we observed a few interesting findings.
Disopyramide was associated with a significant increase in the
recurrence rate of AF but there were too few participants on this
medication to be able to draw any meaningful conclusions. The
relationship between diuretic use and increased AF recurrence
was unexpected. The twomain indications for diuretics are heart
failure and hypertension. It is well known that diuretics can
cause hypokalemia but there is limited information onwhether it
can increase the risk of arrhythmias.28–31 The use of diuretics
could result in alterations in intravascular and atrial volumes
which in turn could affect the development of arrhythmias.32,33

There are no studies reported in the literature that have in-
vestigated the potentially proarrhythmogenic effects of these
medications in patients with a history of AF. In adjusted an-
alyses, the hazard ratio for diuretic use was not significant; future
studies on the effect of diuretic use on risk of recurrence of AF
are needed to clarify this issue.

Figure 5—Time to recurrence of AF for the mixed sleep apnea group, in those adherent and nonadherent to treatment.

Survival probability (depicted on the y axis) is the probability of survival free of AF. Time to event (depicted on the x axis) is the time to first documented ECG
recurrence of AF. Compliance refers to adherence to positive airway pressure treatment with 0 representing nonadherent to treatment group and 1 representing
adherent to treatment group. AF = atrial fibrillation and/or atrial flutter, ECG = electrocardiography.
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Our study showed a trend toward an increased risk of AF
recurrence in those on digoxin. However, digoxin has poor, if
any, effects for cardioversion or maintenance of sinus rhythm,
with use being restricted for rate control in nonambulatory patients
or patients with heart failure, because of its positive inotropic ef-
fects. Recently, digoxin use was found to be associated with in-
creased riskof cardiovasculardeath,arrhythmicdeath,andstroke.34

Digoxin has a narrow therapeutic index and the heightened
mortality risk may be related to dangerously high serum drug
levels and/or lack of efficacy at subtherapeutic drug levels.

Body Mass Index and Age
There is a strong association between BMI and left atrial
size35; the effect of obesity may thus be mediated by left atrial
enlargement.36 Our study found each one-unit increase in BMI
in patients with SDB was associated with a 13% independent
increase in the probability of recurrent AF, after AF inter-
vention; however, the strength of the association was relatively
small. Our findings extend previous knowledge regarding the
negative influence of obesity on AF.37–40 Weight reduction was
also associated with a reduced risk for the development of new-
onset AF in a previous study.38 Increased risk of AF recurrence
in patients with a high BMI may affect the clinical manage-
ment of AF. It should be noted that increasing age can affect
recurrence of AF, but an association between age and recurrent
AF was not noted in univariate analyses in our study.41

Limitations
There are some limitations to our study. This study has all the
biases inherent in a retrospective investigation and may not be
generalizable to all populations with AF. Second, the duration
of AF before AF intervention was not considered; furthermore,
recurrence of AF developed in many patients while on PAP
therapy. Hence continuing PAP therapy may not have had a

mitigating effect on AF recurrence. Third, a higher percentage
of PAP-adherent users versus control patients underwent
cardioversion; although we accounted for PAP adherence and
type of intervention in multiple regression analyses looking
at the outcome of AF recurrence in the entire sample, it is
possible that type of intervention may have confounded the
results. It should also be noted that PAP adherence was not
obtained in nightly hours of usage and used as a dichotomous
variable in analyses. Fourth, the control patients were a het-
erogeneous group and may have included those with less severe
disease, fewer symptoms and/or insufficient understanding
of their disease or its consequences and perhaps more likely to
be nonadherent with treatment recommendations in general.
Last, the definitions of hypopneas have changed over time, which
was not accounted for and this may have affected results.

In conclusion, our retrospective study did not demonstrate
an effect of PAP treatment of SDB in those who were adherent
to the device on first-documented electrocardiography recur-
rence of AF postintervention. It remains to be determined whether
aggressive management of SDB will result in improvement in
clinical efficacy of AF intervention in terms of time to recurrence.
BMI is linked to OSA and other variables, such as left atrial en-
largement, which promote AF. Our study demonstrated increased
risk of recurrence of AF postintervention in patients with high
BMI. This finding may affect the clinical management of AF.

ABBREVIATIONS

AF, atrial fibrillation and/or atrial flutter
BMI, body mass index
CSA, central sleep apnea
ECG, electrocardiography
LAVI, left atrial volume index
OSA, obstructive sleep apnea
PAP, positive airway pressure
PSG, polysomnography
SDB, sleep-disordered breathing
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