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ABSTRACT
OBJECTIVES This study aimed to evaluate the cumulative effect of treatment of obstructive sleep apnea (OSA) with
continuous positive airway pressure (CPAP) on atrial ﬁbrillation (AF) recurrence.
BACKGROUND OSA is a known predictor for onset and recurrence of AF. The effect of treatment with CPAP on AF
recurrence has been evaluated in small studies with varied outcomes.
METHODS We searched MEDLINE, EMBASE, CINAHL, Google Scholar, Cochrane Database of Systematic Reviews, and
Cochrane Trials Register for relevant studies. Evaluation of AF recurrence in CPAP users and nonusers in patients with
OSA was the primary outcome evaluated in this study. The secondary outcome was evaluation of AF recurrence in CPAP
users and nonusers after pulmonary vein isolation (PVI).
RESULTS Seven prospective cohort studies with a total of 1,087 patients met the inclusion criteria. Across all patient
groups, the use of CPAP was associated with a signiﬁcant reduction in AF recurrence (relative risk: 0.58, 95% conﬁdence
interval: 0.51 to 0.67; heterogeneity chi-square p ¼ 0.91, I2 ¼ 0%). The beneﬁcial effect of CPAP use was statistically
signiﬁcant in both groups of patients: those who underwent catheter ablation with PVI and those who did not undergo
ablation and were managed medically. No other study covariates had any signiﬁcant association with these outcomes of
AF reduction.
CONCLUSIONS The use of CPAP is associated with signiﬁcant reduction in recurrence of AF in patients with OSA.
This effect remains consistent and similar across patient populations irrespective of whether they undergo PVI.
(J Am Coll Cardiol EP 2015;1-2:41–51) © 2015 by the American College of Cardiology Foundation.
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CI = conﬁdence interval
CPAP = continuous positive
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global impact on health care is expected
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recorded from the included studies were as follows:
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OSA = obstructive sleep apnea
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its associated patient morbidity and mortality.
STATISTICAL ANALYSIS. All statistical analysis was

METHODS
SEARCH OF THE PUBLISHED DATA. Two independent

reviewers (A.S., A.A.) searched MEDLINE, EMBASE,
CINAHL, Google Scholar, Cochrane Database of Systematic Reviews, and Cochrane Trials Register. The
search was restricted to studies in human subjects
published in scientiﬁc journals from 1966 to June
2014. The search terms used were “atrial ﬁbrillation,”
“recurrence,” “obstructive sleep apnea,” “continuous
positive airway pressure,” and “pulmonary vein
isolation.” The reference list of the retrieved studies,
review papers, and other meta-analysis relevant to
the topic were evaluated to ﬁnd other potentiallyeligible studies. Data from unpublished studies that
were available as abstracts were not considered in this
analysis.

performed using Stata software version 10.0 (StataCorp, College Station, Texas) and Comprehensive
Meta-analysis statistical software version 2.2.064
(Biostat Inc., Englewood, New Jersey). Categorical
variables were reported as number and percent,
whereas continuous variables were presented as
mean  SD. AF recurrence in each study group was
pooled across all studies and analyzed using a point
estimate for each study weighted by inverse of the
variance (1/SE2 ). The average effects for the outcomes
and their 95% conﬁdence intervals (CIs) were obtained using the Der Simonian and Laird random
effects model and reported as relative risk (RR).
Effect of heterogeneity across studies was assessed
using Cochrane Q (chi-square) statistics and I 2 statistics (9). Using the chi-square statistic, a p value
<0.1 was considered signiﬁcant for heterogeneity
and with I 2 statistics, 0% to 40% was considered

STUDY SELECTION. Inclusion criteria for a retrieved
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regression test of Eggers (p value for signiﬁcant

have evaluated effect of CPAP therapy on AF recur-

asymmetry <0.1). Any effect of bias was further

rence; 4) patients with OSA and symptomatic AF

evaluated with fail-safe N models of Rosenthal (10)

referred for index ablation procedure (PVI); 5) out-

and Orwin (11).

come reported clinically in terms of AF recurrence;

A subgroup analysis was performed to evaluate the

and 6) study duration of more than 6 months.

inﬂuence of CPAP use on AF recurrence in patients

Exclusion criteria were: 1) no data provided for com-

that did or did not undergo PVI. A sensitivity analysis

parison amongst CPAP users and nonusers; and 2) no

was performed to ascertain whether the summary

report of AF recurrence.

estimate of the effect was signiﬁcantly affected by

Comparison of AF recurrence in CPAP users and

a single study. Toward this end, pooled estimates

nonusers in patients with OSA was the primary

were recalculated, using a random-effects model, by

outcome evaluated in this study. The secondary

excluding one study at a time.

outcome was evaluation of AF recurrence in CPAP
users and nonusers after PVI.

Univariate meta-regression analyses were performed to evaluate patient and study covariates as

Shukla et al.

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 1, NO. 1-2, 2015
MARCH/APRIL 2015:41–51

CPAP Use on Recurrence of AF in Patients With OSA

predictors of AF recurrence. The estimated between-

performed in the United States and 1 each in Spain

study variance ( s2 ) was calculated using an estimate

and Japan. The patient population in the included

on the basis of restricted maximal likelihood, by

studies ranged from 32 to 640, with a median of 62

estimating parameter variances using the quadratic

patients. The median duration of follow-up was

variance factor (12), and testing Ho: b j ¼ 0 using a t-

12 months (range: 7 to 42 months). All studies

distribution with m  k  1 degrees of freedom. The p

enrolled patients with documented AF, except one in

value was considered signiﬁcant at <0.05.

which 46% of the patients had documented AF at
baseline (16). Patients in all studies were diagnosed

RESULTS
STUDY SELECTION. The search of the published data

yielded a total of 452 citations, of which 445 were
excluded (Figure 1). Seven studies with a prospective
cohort design met the pre-speciﬁed inclusion and
exclusion criteria (13–19). In 5 of these studies, the
patients underwent catheter ablation of AF with PVI,
and the risk for AF recurrence was compared between
CPAP users and nonusers (PVI group) (14,15,17–19).
In 2 studies, patients were managed medically,
including the use of antiarrhythmic drugs, and AF
recurrence was compared among CPAP users and
nonusers (non-PVI group) (13,16). One of these
studies enrolled patients that underwent cavotricuspid isthmus ablation for atrial ﬂutter, and this
study was included in the non-PVI group by
consensus (16).

with OSA on the basis of polysomnography. In all
but 2 studies (Naruse et al. [18] and Bazan et al.
[16]), diagnosis of OSA and consequent use of CPAP
was initiated before enrollment into the respective
studies. Additional polysomnography criteria used
for diagnosis was detailed in 5 of these studies
(15–19). Adherence to use of CPAP was documented
on the basis of patient report on follow-up visits in all
studies except in the study by Naruse et al. (18). In
this study, a modem connected to the CPAP facilitated the downloading of information to a central
computer that yielded individual objective adherence
data (Table 2). Quality of all included studies was high
on the basis of Newcastle Ottawa scale (Table 3).
Electrocardiographic documentation of AF remained the mainstay for evaluation of AF recurrence.
In all but 2 studies, recurrent atrial tachyarrhythmia
during the study period was also considered as a
primary endpoint (14,16,18). The median blanking

STUDY CHARACTERISTICS AND QUALITY. Table 1

period post-ablation was 10 weeks (range 2 to

summarizes the characteristics of the 7 studies

12 weeks). In 4 of 5 studies, the number of ablation

included in the analysis. Of the 7 studies, 5 were

procedures that an enrolled patient underwent was

F I G U R E 1 Flow Diagram to Depict the Selection Process of Studies Included in the Meta-Analysis

CPAP ¼ continuous positive airway pressure; PVI ¼ pulmonary vein isolation.
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T A B L E 1 Summary of the Characteristics of the Included Studies

Study
Design

Geographical
Area

Enrollment of
Patients

Mean Age, Yrs

Total Patients
In 2 Groups

BMI, kg/m2

Male

Patients With
AF Recurrence

Study
NOS Study
Duration,
Quality
CPAP þ CPAP  CPAP þ CPAP  Months
Score

AF Type at
Enrollment

CPAP þ

CPAP 

CPAP þ

CPAP 

CPAP þ

CPAP 

NA

66  12

65  10

9 (82)

21 (81)

42  15

36  8

12

27

5

22

12

8

Prospective United
cohort
States
study

Patients with
AF/AFl
referred for
cardioversion

Jongnarangsin
et al. (14)*

2008

Prospective United
cohort
States
study

OSA patients
identiﬁed
from 324
consecutive
patients
undergoing
AF ablation

P ¼ 23 (72);
C ¼ 9 (28)

59  7

59  7

NA

NA

NA

NA

18

14

9

10

7

7

Patel et al. (15)

2010

Prospective United
cohort
States
study

Patients with
OSA
identiﬁed
from 3,000
consecutive
patients
undergoing
AF ablation

P ¼ 258 (40);
NP ¼ 382 (60)

49  8

53  12

224 (71)

251 (77)

30  3

31  2

315

325

105

178

32

7

Bazan et al. (16)

2013

Prospective Spain
cohort
study

Patients with AFl
undergoing
CTI ablation
screened
for OSA

P ¼ 26 (46)

66  11† 64  10†

23 (85)

21 (72)

33.7  8†

30.8  6†

27

29

8

13

12

6

Fein et al. (17)

2013

Prospective United
cohort
States
study

Patients with
OSA and
symptomatic
AF referred for
AF ablation

Ps ¼ 17 (57)*

56.8  4

23 (77)

NA

28.77  0.45

NA

32

30

9

19

12

8

Naruse et al. (18)

2013

Prospective Japan
cohort
study

OSA patients
identiﬁed
from 249
consecutive
patients that
underwent AF
ablation

P ¼ 82 (54)‡

60  9*‡ 60  9*‡

NA‡

NA‡

NA‡

NA‡

82

34

25

18

18.8

7

Neilan et al. (19)

2013

Prospective United
cohort
States
study

OSA patients
identiﬁed
from
consecutive
patients that
underwent AF
ablation

P ¼ 51 (36),
57  10†
Ps ¼ 91 (64),
PAFA ¼ 30 (21)

32.5  6*

32.5  6*

71

71

25

48

42

8

NA

57  10† 115 (81)* 115 (81)*

Values are n (%) or mean  SD, unless otherwise indicated. *No clear data is available for the 2 groups of CPAP users and nonusers. †Patient data presented for the group with known prior history of AF in addition to AFl. ‡Of the total 153 patients enrolled in study
(data on 153 patients also included those who did not have OSA, evaluated in this study).
AF ¼ atrial ﬁbrillation; AFl ¼ atrial ﬂutter; BMI ¼ body mass index; C ¼ chronic; CPAP ¼ continuous positive airway pressure; CTI ¼ cavotricuspid isthmus; HTN ¼ hypertension; NA ¼ not available; NOS ¼ Newcastle Ottawa scale; NP ¼ nonparoxysmal;
OSA ¼ obstructive sleep apnea; P ¼ paroxysmal; PAFA ¼ prior atrial ﬁbrillation ablation; Ps ¼ persistent.
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First Author
(Ref. #)

Description of OSA Diagnosis

OSA Diagnostic Criteria

CPAP Adherence

Ablation Strategy

Medical Therapy

Means of AF Recurrence
Evaluation

Not described

Self-reported use of CPAP
use obtained via questionnaire
through the mail, hospital
records, and follow-up
phone interviews

No ablation performed

All OSA patients*: A: 5 (13%);
Pp: 10 (26%); S: 4 (10%);
BB: 11 (28%); DHP: 5 (13%);
nDHP: 9 (23%); D: 10 (26%)

Either clinical evaluation
by a physician or ECG

Jongnarangsin et al. (14)

OSA diagnosed via
polysomnography
before ablation

Not described

Not documented

PVI þ CAFE in cases of
persistence of AF
despite PVI

Patients free from AAD
therapy during study period

12-lead ECG at clinic visits,
event monitor, evaluation
upon symptoms of
arrhythmia

Patel et al. (15)

Polysomnography
before PVI

AHI > 15/h and >80%
of all apnea/hypopnea
events had to be
obstructive

Patient-reported adherence
at ofﬁce visits

Paroxysmal: PVI þ posterior
wall isolation þ empirical
isolation of the superior
vena cava
Nonparoxysmal AF:
PVI þ posterior wall
ablation until coronary
sinus þ left septum þ
right- and left-sided
defragmentation

PVI þ OSA þ CPAP ¼
44 of 315 (14%)
PVI þ OSA – CPAP ¼
97 of 325 (30%)

Event monitor/Holter monitor

Bazan et al. (16)

Patients underwent
polysomnography
after CTI ablation

AHI $5, severe OSA
with AHI $30

Patient reported adherence
of >4 h/night

No ablation performed

All OSA patients AAD*:
16/ of 56 (29%)

12-lead ECG, Holter monitor

Fein et al. (17)

Polysomnography before
AF ablation

AHI >15/h and $80%
events had to be
obstructive

Patient self-reported

PVI þ left atrial ablation
lines (roof line, mitral
isthmus line, and/or
posterior left atrial line)
 ablation of extra-PV
atrial triggers were
performed in patients
with inducible sustained
AF or atrial tachyarrhythmia

All patients placed on AAD
(class Ic and sotalol) after
PVI discontinued 3–6 months
later with no arrhythmia
recurrence.
No clear data on AAD therapy
in both CPAP þ and 
groups available

12-lead ECG on clinic visits
þ transtelephonic
monitoring

Naruse et al. (18)

Polysomnography 1 week
after AF ablation

AHI >15/h and $50%
events had to be
obstructive

Objective data obtained
with a modem connected
to the CPAP device,
which downloaded
the data to a central
computer to yield
objective adherence
data in hours per night

Paroxysmal AF: PVI  linear
ablation of the left
atrial roof and/or
superior vena cava
isolation in case of
AF recurrence with
pacing or isoproterenol
infusion. Persistence AF:
PVI þ linear ablation
of the left atrial roof,
superior vena cava
isolation  CAFÉ ablation

Patients with AF recurrence
during the blanking period
treated temporarily with
class I, II, III, and/or IV
AADs and stopped if
arrhythmia disappeared
after temporary treatment.
No clear data on AAD therapy
in both CPAP þ and
– group available

12-lead ECG documentation

Neilan et al. (19)

OSA diagnosed before PVI
with polysomnography

AASM criteria

Patient self-reported
on telephone interviews

Paroxysmal AF: PVI. Persistent
AF: PVI þ linear ablations
to create conduction block
across the LA roof, and
along the region between
the lateral mitral annulus
and left inferior pulmonary
vein þ CAFE ablation

Class I þ class III AAD:
OSA þ CPAP: 50 of 71 (70.4%)
OSA – CPAP: 52 of 71 (73.2%)

ECG or prolonged cardiac
monitoring

Shukla et al.

Polysomnography in all
patients before
inclusion in study
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T A B L E 2 Key Features Related to Obstructive Sleep Apnea and Arrhythmia Management in Individual Studies

*Data not available separately for CPAP and non-CPAP population.
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A ¼ amiodarone; AAD ¼ antiarrhythmic drugs; AASM ¼ American Academy of Sleep Medicine; AF ¼ atrial ﬁbrillation; AHI ¼ apnea hypopnea index; BB ¼ beta adrenergic blockers; CAFÉ ¼ complex fractionated atrial electrograms; CTI ¼ cavotricuspid isthmus;
D ¼ digoxin; DHP ¼ dihydropyridines; ECG ¼ electrocardiogram; nDHP ¼ nondihydropyridines; Pp ¼ propafenone; Pc ¼ procainamide; PVI ¼ pulmonary vein isolation; S ¼ sotalol; other abbreviations as in Table 1.
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T A B L E 3 Evaluation of Study Quality on The Basis of Newcastle Ottawa Scale

Selection

Comparability

Outcome

Representativeness

Selection of the
Nonexposed
Cohorts

Ascertainment

Endpoint Not
Present at Start

Comparability
(Confounding)

Assessment
of Outcome

Follow-Up
Duration

Adequacy
of Follow-Up

Total

Quality

Fein et al. (17)

*

*

*

*

*

*

*

*

8

High

Patel et al. (15)

*

*

*

*

0

*

*

*

7

High

Naruse et al. (18)

*

*

*

*

0

*

*

*

7

High

Neilan et al. (19)

*

*

*

*

*

*

*

*

8

High

Kanagala et al. (13)

*

*

*

*

*

*

*

*

8

High

Bazan et al. (16)

0

*

*

*

0

*

*

*

6

High

Jongnarangsin et al. (14)

*

*

*

*

0

*

*

*

7

High

First Author (Ref. #)

*Criteria met.

one (13,14,17,18). In 1 study, repeat ablation was

5 studies in which patients underwent PVI, users of

offered upon AF recurrence, but details about the

CPAP were found to have a lower risk of AF recurrence

repeat ablation procedures was not available (17).

in comparison with nonusers (n ¼ 173 of 518 [33.3%]
vs. 273 of 474 [57.6%]; RR: 0.58; 95% CI: 0.50 to 0.67;

OUTCOME ANALYSIS. Across 7 studies with a total

p < 0.001; p value for chi-square heterogeneity 0.72,

study population of 1,087, users of CPAP had a sig-

and I 2 ¼ 0%). In 2 studies in which patients did not

niﬁcant reduction in AF recurrence rate compared

undergo catheter ablation of AF, CPAP users also had a

with nonusers (n ¼ 186 of 557 [33.3%] vs. 308 of 530

lower risk of AF recurrence in comparison with non-

[58.1%]; RR: 0.58; 95% CI: 0.51 to 0.67; p < 0.001;

users (n ¼ 13 of 39 [33.3%] vs. 35 of 56 [62.5%];

p value for chi-square heterogeneity 0.91, and

RR: 0.58; 95% CI: 0.36 to 0.96; p ¼ 0.03; p value for

I 2 ¼ 0%) (Figure 2). In the subgroup analysis from

chi-square heterogeneity 0.6, and I 2 ¼ 0%) (Figure 3).

F I G U R E 2 Forest Plot to Compare AF Recurrence in Users Versus Nonusers of CPAP In Patients With OSA

The forest plot exhibits effect size of each included study (solid box) with 95% conﬁdence interval (CI) (black lines through solid squares).
The diamond (and broken vertical line) at the bottom represents pooled summary estimate with its CI given by its width. AF ¼ atrial ﬁbrillation;
CPAP ¼ continuous positive airway pressure; OSA ¼ obstructive sleep apnea; RR ¼ relative risk ratio.
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F I G U R E 3 AF Recurrence in Users Versus Nonusers of CPAP in 2 Groups of Patients With OSA: PVI and Non-PVI Groups

PVI ¼ pulmonary vein isolation; other abbreviations as in Figure 2.

Visual inspection of the funnel plot for AF recurrence

META-REGRESSION ANALYSIS. The following cova-

in all 7 studies showed no evidence of publication bias

riates were considered: study duration, patient age,

that might affect the results (Figure 4). A “small study

male sex, body mass index, hypertension, diabetes

effect” was excluded by Egger’s test of intercept

mellitus, coronary artery disease, left atrial dimen-

(p ¼ 0.207). Rosenthal’s fail-safe N indicated that 79

sion, antiarrhythmic drug use, percent of patients

null studies would be needed to bring the p value of the

with nonparoxysmal AF, and left ventricular ejection

effect to >0.05. Orwin’s fail-safe N value was estimated

fraction. Upon univariate analysis, none of these

to be 180, suggesting that >180 studies with a mean

covariates showed any signiﬁcant association with

RR of 1.0 would need to be added to the analysis to

arrhythmia recurrence (Table 4).

make the cumulative effect trivial (deﬁned as a RR of
0.98). (Because the search of the published data in the

DISCUSSION

present analysis revealed only 7 studies, it seems
improbable for the current search strategy to have

This

missed such a large number of studies.)

studies presents robust evidence that use of CPAP in

pooled

analysis

of

systematically-selected

patients with OSA is associated with a signiﬁcant
SENSITIVITY ANALYSIS. The results of the sensi-

reduction in recurrence of AF. The effect size remains

tivity analysis revealed that no single study domi-

consistent and similar across patient groups irre-

nated an effect upon the pooled outcomes. The RR

spective of whether or not the patients underwent

reduction in AF across studies by excluding studies 1

PVI or were medically managed. Lack of any signiﬁ-

at a time was homogenous, with a range from 0.55 to

cant association between patient and study cova-

0.59. Exclusion of the study by Patel et al. (15), which

riates (known to affect arrhythmia outcomes) and AF

included the largest number of patients (n ¼ 640),

recurrence suggests that CPAP use may be primarily

revealed a pooled RR reduction of 0.55 (95% CI: 0.44

responsible for these results and that these ﬁndings

to 0.66) (Figure 5) (14).

are not due to a chance effect. These study ﬁndings
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F I G U R E 4 Begg’s Funnel Plot of Studies According to

T A B L E 4 Meta Regression Analysis to Evaluate Inﬂuence

Logarithmic RR of AF Recurrence in CPAP Users

of Patient or Study Variable on AF Recurrence
Regression Coefﬁcient

Study duration

p Value

0.001

0.874

Patient age

0.008

0.558

Male

0.011

0.46

BMI

0.001

0.96

Diabetes mellitus

0.006

0.6

AAD

0.003

0.34

Persistent AF

0.01

0.54

Hypertension

0.006

0.5

CAD

0.003

0.85

LVEF

0.007

0.61

LAD

0.01

0.48

CAD ¼ coronary artery disease; LAD ¼ left atrial dimension; LVEF ¼ left ventricular
ejection fraction; other abbreviations as in Tables 1 and 2.

structural changes in the atria with increased atrial
size, extensive areas of low voltage (suggesting loss
of
Abbreviations as in Figure 2.

atrial

myocytes

with

concomitant

areas

of

increased ﬁbrosis), and areas of dissociation in conduction on electrophysiology studies in patients with

are important as they provide the most conclusive
evidence available and give the clinician an additional means to reduce AF recurrence in patients with
OSA.
Several mechanisms are proposed by which OSA
increases the risk of AF. These include wide ﬂuctuations in intrathoracic blood pressure during apneic
episodes, leading to left atrial stretch via pressure
and volume overload and alteration of sympathetic
tone (20,21). Additionally, there are intermittent
periods of hypoxemia and hypercapnia that lead to
atrial remodeling with regions of ﬁbrosis (22). These
have been corroborated with reports of signiﬁcant
F I G U R E 5 Sensitivity Analysis to Evaluate Single-Study Effect on Outcomes

OSA (23).
In addition to an established relationship between
OSA and new-onset AF, there is increasing evidence
to support the inﬂuence of OSA on recurrence of AF
following catheter ablation (6,24). On the basis of
data from meta-analyses, patients with OSA can have
25% to 31% increased risk for AF recurrence after
catheter ablation in comparison with patients with no
sleep apnea (5,25). CPAP is currently the mainstay of
available therapy for adults with OSA (26,27). Evidence from meta-analyses of randomized trials suggest that CPAP use reduces the frequency of
respiratory events during sleep, decreases daytime
sleepiness, and improves quality of life (28). Additionally, its use has been reported to be associated
with reduced left ventricular afterload and heart rate
during sleep in patients with OSA and congestive
heart failure (29). Lowering of blood pressure and
alleviation of bradyarrhythmias are other known effects of CPAP use (30).
The results of the present study present the highest strength of evidence currently available for the
association between CPAP use and reduced AF
recurrence. In these results, the use of CPAP was
consistently associated with a signiﬁcant reduction in
AF recurrence across all of the included studies.
Despite a large variation in the number of patients
included in the analysis (range 32 to 640 patients),
the magnitude in AF reduction appears to be uniform
across the studies (RR: range 0.44 to 0.70). A sensitivity analysis further conﬁrmed that there was no
single-study effect, and the net relative risk reduction
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in AF recurrence upon exclusion of studies one by

mathematically constructing a summary estimate,

one remained unchanged from the pooled data. Also,

small numbers of included patients does increase the

although studies conducted in the United States

potential for alpha error in the results. Also, there

dominated in this analysis, there were 2 studies

is a risk for publication bias in any meta-analysis;

outside of this geographic distribution with a similar

however this was nonsigniﬁcant in these results. A

relative risk reduction in AF (16,18). The aforemen-

possibility for limited power and a type II error

tioned facts indicate the strength of these data.

does exist, but this was negated by the high fail-safe

The physical discomfort associated with CPAP use

number. Next, adherence to CPAP was mostly on

is one of the key factors associated with its poor

the basis of patient self-report, raising concern for

adherence in patients (31). Thus, it becomes impor-

overestimation of its use and possible underestima-

tant to elucidate the mechanisms by which CPAP use

tion of the beneﬁcial effects of CPAP. Additionally,

may curb the proarrhythmic factors, as this could

meta-regression analyses are limited because they

potentially pave the way for development of novel

are based upon the prevalence of a variable in the

treatment algorithms for OSA. The results of the

study and not upon the raw patient data. The results

subgroup analysis in the current study indicate that

of these analyses are, thus, to be interpreted with

the RR reduction in AF recurrence with CPAP use is

caution, should be utilized as hypothesis generating,

similar across patient groups irrespective of whether

and must be conﬁrmed in future RCTs.

they are managed medically or with PVI. This is a
salient ﬁnding, because it suggests the presence of
alternate

proarrhythmic

mechanisms

that

are

controlled with CPAP use and that these may remain
unchecked with the conventional treatment strategies for AF. These ﬁndings concur with results of
other electrophysiology studies that reported a
signiﬁcantly large number of nonpulmonary vein
triggers for AF in patients with OSA (15,32). They
concluded that the presence of such nonpulmonary
vein triggers increased the need for a repeat ablation
procedure, necessitating ablation of these non-PVI
triggers, and they further indicated that PVI by itself
would have led to only limited success in these patient populations. In another study by Fein et al. (17)
the arrhythmia-free survival rate in CPAP users with
OSA was similar to that of patients without OSA
(71.9% vs. 66.7%) (17). In this study, PVI offered little
beneﬁt toward AF reduction in patients with OSA who
were noncompliant with CPAP use. These data
collectively suggest that non-PVI triggers are signiﬁcant mechanisms for AF recurrence and that, unless
OSA is effectively treated in patients, neither medical
management nor the current invasive treatment
approach will have the expected effect in reduction of
AF recurrence.
STUDY LIMITATIONS. This paper is subject to the

FUTURE DIRECTIONS. In patients with AF, OSA should

be suspected and evaluated as a signiﬁcant comorbidity when clinically warranted. On the basis of the
reported prevalence of OSA of up to 49% in patients
with AF, OSA may remain undiagnosed across these
patients (24,33,34). These ﬁndings, along with the
beneﬁcial effect of CPAP in such patients noted in
the current study, advocate for a need to suspect
and actively screen for OSA in patients with AF.
These study results foster the need for adequatelycontrolled prospective intervention studies to quantify the efﬁcacy of CPAP use in these patients. The
ongoing prospective observational study, Reveal
XT-SA, is likely to yield deﬁnitive evidence for incidence of new-onset AF in patients with OSA and
the effect of CPAP use. In addition, however, a randomized study to evaluate the effect of CPAP use in
patients with diagnosed AF is warranted. Given that
the use of CPAP in patients with OSA can now be
a signiﬁcant third treatment option, its characterization via an appropriately-designed RCT would
be ideal. Nevertheless, until these data become
available, given the known positive effects of CPAP
on multiple other end organs and its innocuous
adverse effects, its use needs to be strongly advocated in patients with OSA with the intention of AF
reduction.

limitations common to any other meta-analysis.

Current AF guidelines recognize that OSA is one

There is a risk of bias included in the individual

of the risk factors for development of AF and that

studies due to their observational study design. The

its presence reduces success with ablation (35,36).

high study quality of the included studies along

However, there is no recommendation to screen pa-

with consistent outcomes, however, suggest that

tients for and treat OSA. Given the 42% relative risk

any potential for bias in these results is likely to be

reduction seen in the present study, which may now

small. Next, the number of patients enrolled in most

evolve to be a third major treatment option (in addi-

of the included studies is small. Although a meta-

tion to medical therapy and ablation), revision of the

analysis attempts to overcome this limitation by

current AF guidelines may be in order.
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CONCLUSIONS

PERSPECTIVES

The use of CPAP is associated with a 42% relative
risk reduction in AF recurrence in patients with OSA.
This reduction of AF recurrence appears to be independent of medical or catheter ablation therapy
and is consistent across patient groups with OSA.
These results advocate for active screening for undiagnosed OSA in patients with AF when OSA is clinically suspected. The use of CPAP offers to be the third
potential treatment option for AF (in addition to
medical therapy and PVI), and although results from
RCTs may be warranted to understand the true extent
of its efﬁcacy, its use and adherence needs to be
promoted aggressively in these patient groups.
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Recurrence of AF despite medical therapy or catheter
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patient groups. OSA in patients is a known predictor
for AF recurrence. The results of this study show that
use of CPAP in patients with OSA is associated with a
signiﬁcant reduction in AF recurrence. This effect
could be independent of either medical therapy or
catheter ablation and has the potential to become the
third major treatment pathway for AF reduction in
patients with OSA.
TRANSLATIONAL OUTLOOK: A randomized
controlled trial designed to evaluate the effect of
CPAP use and its effect on AF recurrence is warranted
to further delineate the mechanisms by which CPAP
use is efﬁcacious in patients with OSA.
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