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Objective: To test the hypothesis that obstructive sleep

apnea (OSA) is a risk factor for development of postoper-

ative atrial fibrillation (POAF) after cardiac surgery.

Design: Retrospective analysis.

Setting: Single-center university hospital.

Participants: Five hundred forty-five patients in sinus

rhythm preoperatively undergoing coronary artery bypass

grafting (CABG), aortic valve replacement, mitral valve

replacement/repair, or combined valve/CABG surgery from

January 2008 to April 2011.

Interventions: Retrospective review of medical records.

Measurements and Main Results: Postoperative atrial

fibrillation was defined as atrial fibrillation requiring ther-

apeutic intervention. Of 545 cardiac surgical patients, 226

(41%) patients developed POAF. The risk was higher in 72
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OSA patients than 473 patients without OSA (67% v 38%,

adjusted hazard ratio 1.83 [95% CI: 1.30-2.58], p o 0.001). Of

the 32 OSA patients who used home positive airway

pressure (PAP) therapy, 18 (56%) developed POAF com-

pared with 29 of 38 (76%) patients who did not use PAP

at home (unadjusted hazard ratio 0.63 [95% CI: 0.35-1.15],

p ¼ 0.13).

Conclusion: OSA is significantly associated with POAF in

cardiac surgery patients. Further investigation is needed to

determine whether or not use of positive airway pressure in

OSA patients reduces the risk of POAF.

& 2015 Elsevier Inc. All rights reserved.
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ATRIAL FIBRILLATION is the most common arrhythmia
following cardiac surgery, occurring in 20% to 40%

of patients.1 It is associated with increased morbidity and
resource utilization.2 Many perioperative risk factors such
as age, a history of atrial fibrillation, chronic lung disease,
and valve surgery,1 have been identified; however, few are
modifiable.

In the nonsurgical population, sleep apnea is associated
with cardiovascular morbidity,3,4 including atrial fibrillation.5

Repeated episodes of hypoxemia and hypercarbia can lead to
autonomic dysfunction6 and increased inflammatory cyto-
kines.7 Sudden and repeated changes in intrathoracic pressure
may contribute to deleterious atrial remodeling, predisposing
patients to atrial fibrillation.8,9 Using an animal model of
obstructive sleep apnea (OSA), Iwasaki et al observed an
association between cardiac remodeling and conduction dis-
turbances, with atrial fibrillation inducibility in animals with
OSA.10

OSA and perioperative morbidity have been well studied in
other surgical settings.11–13 However, the relationship between
OSA and morbidity after cardiac surgery less understood.
Two small, single-center studies in patients undergoing coro-
nary artery bypass grafting (CABG) suggested a relationship
between OSA and postoperative atrial fibrillation (POAF).14,15
However, given smaller sample sizes and data limited to
patients undergoing only CABG surgery, the relationship
between OSA and post-cardiac surgery morbidity requires
further characterization. With a larger sample size, the authors’
objectives were to (1) test the hypothesis that OSA is an
independent predictor of POAF in patients undergoing CABG
and/or valvular surgery and (2) explore associations between
OSA and postoperative complications in cardiac surgery.

METHODS AND MATERIALS

This retrospective cohort study was approved by the
authors’ Institutional Review Board. The requirement to obtain
individual consent was waived because the data were collected
retrospectively.

Study Population and Setting

The authors evaluated patients who underwent CABG,
aortic valve replacement, mitral valve replacement/repair, and
combination valve surgery and CABG requiring cardiopulmo-
nary bypass performed at their institution from January 2008 to
April 2011. The authors excluded patients whose preoperative
ECG did not show sinus rhythm. They extracted patients’
clinical and demographic data through review of medical
records. All cardiac surgery patients were on telemetry
monitoring for their entire hospitalization.

Definition of OSA

Patients were considered to have OSA if: 1) a sleep study in
the medical record documented OSA; 2) two independent
sources documented a prior diagnosis of OSA (surgical and
anesthesia preoperative history and physical, for example, were
considered independent sources; however, a surgical preoper-
ative history and physical and a surgical preoperative update
history and physical, for example, were not considered
independent sources); or 3) one source documented a prior
diagnosis of OSA with explicit documentation of whether the
patient was using nocturnal positive airway pressure.
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Covariates

Several covariates require clarification. Valve surgery
includes any surgery involving the aortic or mitral valve.
Although each surgical subtype has different risk of POAF,2

sample size restrictions would result in underpowered analyses
of all subcategories of valve surgery. Current smoker referred
to patients who last smoked a cigarette within 4 weeks of
surgery.16 Previous atrial fibrillation includes patients with a
preoperative diagnosis of atrial fibrillation or paroxysmal atrial
fibrillation but whose preoperative ECG showed sinus rhythm.
Patients with cerebral vascular events either had a history of
cerebral vascular accident (CVA) or transient ischemic attack
(TIA); the authors classified patients with carotid endarterec-
tomy, but without a history of CVA or TIA, as not having a
cerebral vascular event. Allogeneic blood transfusion data
included only transfusions given prior to incident POAF.

Primary Outcome

The authors defined POAF as atrial fibrillation requiring
either pharmacologic treatment or direct current cardioversion.
This is consistent with the Society of Thoracic Surgeons’
definition with the exception that patients with a history of
atrial fibrillation who were in sinus rhythm preoperatively were
not excluded from having POAF. The authors determined the
timing of incident POAF by reviewing physician and nursing
notes, pharmacy records, procedural notes (in cases of direct
current cardioversion), and ECG or telemetry strips. The
authors reviewed records during the immediate postoperative
hospital stay only.

Statistical Methods

Continuous variables were expressed as mean � SD. Cat-
egoric variables were expressed as a number (%). Differences
in demographic, comorbid conditions, preoperative medications
and laboratory tests, and operative characteristics between
patients with and without OSA were tested using the t-test
for continuous variables and 2-sided Fisher’s exact test or chi-
square test for categoric variables.

The authors used Kaplan-Meier methods to explore unad-
justed difference in POAF rates between OSA and non-OSA
patients. They used Cox proportional hazard analysis to adjust
for covariates that differed between the groups in bivariate
analyses (p r 0.10) or that previously have been identified as
potential confounders.1 The authors plotted Schoenfeld resid-
uals17 and regressed them against time to test for violations of
proportional hazard assumption for independent predictors
of POAF.

The authors compared the following secondary outcomes
between OSA patients and non-OSA patients: in-hospital death,
cardiac arrest while on telemetry floor, pulmonary embolus or
deep vein thrombosis, need for incident postoperative renal
replacement therapy, reintubation, intensive care unit readmis-
sion, postoperative tracheostomy, cerebral vascular accident or
transient ischemic attack, seizures, mediastinal re-exploration,
and length of stay. Because of low expected event rates, the
authors explored the categoric secondary outcomes’ relation-
ship with OSA with univariate logistic regression. Length-of-
stays also were presented as mean � SD; they analyzed the
differences with t-test.

All tests were 2-tailed; p values r 0.05 were considered
statistically significant. The authors performed all statistical
analyses with SAS 9.4 (SAS Institute, Cary, NC).
RESULTS

The authors reviewed a total of 660 records. Preoperative
ECG showed 38 records to be atrial fibrillation, 9 atrial
flutter, 3 in junctional rhythm, and 8 with atrial pacing. Fifty-
seven records did not have an associated preoperative ECG.
Excluding these records resulted in a final cohort of 545
patients.

Seventy-two (13%) patients had a preoperative OSA
diagnosis. Table 1 shows that a higher proportion of patients
with OSA were male and former smokers. Patients with
OSA had a significantly higher body mass index (BMI).
There were no differences in prevalence of previous atrial
fibrillation, cerebral vascular event, and chronic obstructive
pulmonary disease. The authors observed no differences in
preoperative β-blocker or antiarrhythmic (amiodarone or
propafenone) treatment. Table 2 shows that a higher propor-
tion of OSA patients had elective surgery. The distribution of
surgical procedures, cardiopulmonary bypass and aortic cross-
clamp times, and allogeneic blood transfusion treatment were
similar between patients with and without OSA. The timing
of initiation of postoperative β-blocker appeared similar
between the 2 groups; however, there was a large amount
of missing data, 8% in the non-OSA group and 10% in the
OSA group.
POAF

Forty-one percent of the study population had POAF. The
authors observed no difference in the mean postoperative day
of incident POAF (OSA: 3.06 � 2.37 day; without OSA:
2.96 � 2.11 day, p ¼ 0.77) (Fig 1).

Forty-eight (67%) patients in the OSA group and 178
(38%) patients without OSA developed POAF (Table 3a). In
time-to-event analyses (Fig 2A), OSA patients displayed
significantly higher POAF rates than patients without OSA
(log-rank test, p o 0.001). The adjusted hazard ratio was 1.83
(95% CI: 1.30-2.58, p o 0.001) (Table 3a). The authors
adjusted for the following potential confounders: age, sex,
previous atrial fibrillation, smoking status, elective status,
preoperative intra-aortic balloon counterpulsation pump,
chronic obstructive pulmonary disease, a history of cerebral
vascular event, surgery, and BMI (Fig 2B). P values from
linear regression of POAF with Schoenfeld residuals for age,
previous atrial fibrillation, and OSA were 0.87, 0.60, and 0.96,
respectively; this suggests that the proportional hazard
assumption was not violated for the independent predictors
of POAF.

Table 3a shows the unadjusted results stratified by surgery
type. OSA was significantly associated with POAF for both
CABG-only surgery and valve surgery in these bivariate
analyses, but the effect of OSA appeared larger for CABG
patients (unadjusted HR for CABG patients: 3.06 [2.13-6.11],



Table 1. Patient Characteristics

Characteristic No Sleep Apnea Sleep Apnea p Value

N (%) 473 (87%) 72 (13%)

Age (mean � SD) 65.7 � 13.9 67.8 � 10.2 0.22

Male, n (%) 312 (66%) 57 (79%) 0.03

Race, n (%) 0.35

White 283 (60%) 51 (71%)

Black 16 (3%) 3 (4%)

Hispanic 38 (8%) 3 (4%)

Asian 86 (18%) 11 (15%)

Other 50 (11%) 4 (6%)

Body Mass Index (mean � SD) 27.3 � 5.1 31.4 � 7.2 o0.001
*Body Mass Index Classification

n (%)

o0.001

Normal 164 (35%) 14 (19%)

Underweight 4 (1%) 0

Overweight 187 (40%) 23 (32%)

Obesity, Class I 81 (17%) 13 (18%)

Obesity, Class II 25 (5%) 14 (19%)

Obesity, Class III 12 (3%) 8 (11%)
†Smoking Status, n (%)

Ever Smoked 246 (52%) 41 (57%) 0.03

Current Smoker 51 (11%) 5 (7%) 0.31

Comorbidities, n (%)

Previous Atrial Fibrillation 40 (8.5%) 11 (15%) 0.08
‡LVEF o55% 146 (31%) 18 (25%) 0.33
§Previous MI 124 (26%) 13 (18%) 0.15
‖Cerebral Vascular Event 45 (9%) 12 (17%) 0.09

Hypertension 355 (75%) 57 (79%) 0.56

Diabetes 145 (31%) 22 (31%) 1.0
¶COPD 57 (12%) 14 (19%) 0.09

Hyperlipidemia 353 (75%) 56 (78%) 0.66

Chronic Dialysis 22 (5%) 2 (3%) 0.76

Preoperative Medications, n (%)

Beta-Blocker 274 (58%) 35 (49%) 0.31

Antiarrhythmic 23 (5%) 3 (4%) 1.0

Statin 303 (64%) 53 (74%) 0.14

Aspirin 314 (66%) 49 (68%) 0.89
**ACE-I or ARB 245 (52%) 37 (51%) 1.0

Preoperative Labs, mean � SD

Hematocrit (%) 38.1 � 5.0 38.0 � 5.1 0.49

Albumin (g/dL) 3.6 � 0.5 3.6 � 0.4 0.76

Hemoglobin A1c (%) 6.1 � 1.1 6.2 � 1.2 0.32

Creatinine (mg/dL) 1.3 � 1.2 1.4 � 1.3 0.67
††eGFR (mL/min/1.73m2) 64.3 � 25.1 61.3 � 23.7 0.55

*BMI Classification (adopted by NIH and WHO): Normal: 18.5-24.9;

Underweight: o18.5; Overweight: 25-29.9; Obesity Class I: 30-34.9;

Obesity Class II: 35-39.9; Obesity Class III: 440.

†Smokers who smoked within 4 weeks of surgery were classified

as current smokers.

‡LVEF, left ventricular ejection fraction.

§MI, myocardial infarction.

‖Cerebral vascular event includes cerebral vascular accident and

transient ischemic attack.

¶COPD, chronic obstructive pulmonary disease.

Antiarrhythmic ¼ amiodarone or propafenone.

**ACE-I, angiotensin-converting enzyme inhibitor; ARB, angioten-

sin-receptor antagonist.

††eGFR ¼ Estimated glomerular filtration rate per modification of

Diet in Renal Disease (MDRD) study equation.
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p o 0.01; unadjusted HR for valve surgery patients: 1.55
[1.04-2.32, p ¼ 0.03], p-for-interaction o 0.01).

Effect of Home Positive Airway Pressure on POAF

Among patients with OSA (n ¼ 72), preoperative home use
of nocturnal positive airway pressure (n ¼ 32) was associated
with reduced POAF rates, but this association did not reach
statistical significance (Table 3b). The unadjusted hazard ratio
Table 2. Perioperative Characteristics

Characteristic

No Sleep Apnea

(n ¼ 473)

Sleep Apnea

(n ¼ 72) p Value

Elective Surgery, n (%) 366 (77%) 65 (90%) 0.01

Redo Sternotomy, n (%) 25 (9%) 7 (14%) 0.31

Surgery Type, n (%) 0.27

CABG only 195 (41%) 26 (36%)

AVR only 142 (30%) 30 (42%)

MVR only 62 (13%) 5 (7%)

AVR/CABG 57 (12%) 9 (13%)

MVR/CABG 17 (3%) 2 (3%)

Preoperative IABP, n (%) 23 (5%) 1 (1%) 0.07

CPB time (min), mean � SD 147 � 49 138 � 45 0.13

Aortic Cross-Clamp Time (min),

mean � SD

103 � 36 96 � 36 0.11

*Allogeneic Transfusions,

mean � S.D.

Packed Red Blood Cells (units) 2.85 � 4.47 2.42 � 3.58 0.43

Fresh Frozen Plasma (units) 1.45 � 3.41 1.29 � 3.36 0.71

Platelets (6-pack) 0.80 � 1.63 0.92 � 2.53 0.60

Cryoprecipitate (10-pack) 0.19 � 0.76 0.15 � 0.52 0.60

Total Transfusions (untis),

mean � S.D.

5.29 � 9.67 4.78 � 8.92 0.67

Treated with Procoagulants,

n (%)

FEIBA 9 (2%) 2 (3%) 0.65

Recombinant Factor VIIa 5 (1%) 1 (1%) 0.58

Postoperative Day β-blocker
therapy started, n (%)

0.11

Day 0 2 (0.5%) 0

Day 1 109 (29%) 18 (31%)

Day 2 93 (25%) 14 (24%)

Day 3 52 (14%) 10 (17%)

Day 4 34 (9%) 4 (7%)

Day 5 27 (7%) 5 (9%)

Day 6 16 (4%) 0

Day 7 11 (3%) 6 (10%)

After Day 7 30 (8%) 1 (2%)

Not started 62 (14%) 7 (11%)

Missing Data 37 7

Abbreviations: CABG, coronary artery bypass grafting; AVR, aortic

valve replacement; MVR, mitral valve replacement or repair; IABP,

intra-aortic balloon counterpulsation pump; CPB, cardiopulmonary

bypass.

*In those who suffered postoperative atrial fibrillation, transfusion

data include only the number of transfusions before incident post-

operative atrial fibrillation. If the subject did not suffer postoperative

atrial fibrillation, then the number of transfusions equals the total

number of transfusions during the hospital stay.



1 The authors observed no difference in the postoperative day of incident postoperative atrial fibrillation between
patients with OSA and those without, p = 0.77. 

1No Sleep Apnea Diagnosis (n=178), mean 2.96 + 2.11 day

1Sleep Apnea Diagnosis (n=48), mean 3.06 + 2.37 day

Fig 1. Distribution of postoperative day of incident atrial fibrillation.
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of POAF in patients with OSA who used nocturnal positive
airway pressure compared to those who did not was 0.63 (95%
CI: 0.35-1.15, p ¼ 0.13).

Secondary Outcomes

In-hospital mortality was significantly higher in patients
with OSA (6/72) compared with patients without OSA (5/473)
(unadjusted odds ratio 3.82; 95% CI: 1.37-10.67, p ¼ 0.01)
(Table 4). A higher proportion of patients with OSA suffered
Table 3a. Risk of Postoperative Atrial Fibrillation

No Sleep Apnea

(n ¼ 473)

Sleep Ap

(n ¼ 7

Postoperative atrial fibrillation 178 (38%) 48 (67
†Stratified by surgery

CABG only 53 of 195 (27%) 19 of 26 (
‡Valve surgery 125 of 278 (45%) 29 of 46 (

Abbreviation: CABG, coronary artery bypass grafting.

*Adjusted for age, sex, previous atrial fibrillation, smoking status, elec

chronic obstructive pulmonary disease, history of cerebral vascular event

and body mass index. Covariates were chosen based on bivariate analys

†p value for interaction o 0.01. The effect of sleep apnea on POAF i

undergoing valvular surgery.

‡Valve surgery includes aortic valve replacement and mitral valve repl
cardiac arrest after transfer from the intensive care unit (ICU)
(unadjusted odds ratio 28.1; 95% CI: 3.1-255, p o 0.01), were
diagnosed with a deep vein thrombosis or pulmonary embolus
(unadjusted odds ratio 6.90; 95% CI: 1.69-28.22, p o 0.01),
and required renal replacement therapy during hospitalization
(unadjusted odds ratio 3.78; 95% CI: 1.23-11.62, p ¼ 0.02).
The authors observed no differences in length of initial ICU
stay, length of hospital stay, or proportion of patients requiring
reintubation or ICU readmissions.
(POAF) in Relation to Sleep Apnea Diagnosis

nea

2)

Unadjusted Hazard

Ratio (95% CI)

*Adjusted Hazard

Ratio (95% CI) p Value

%) 2.05 (1.49-2.83) 1.83 (1.30-2.58) o0.01

73%) 3.60 (2.13-6.11) o0.01

63%) 1.55 (1.04-2.32) 0.03

tive status, preoperative intra-aortic balloon counterpulsation pump,

(cerebral vascular accident and/or transient ischemic attack), surgery,

es.

n CABG patients is significantly different from its effect in patients

acement/repair with or without CABG.



Table 3b. Comparing the Incidence of Postoperative Atrial Fibrillation

Among Patients With Sleep Apnea Who Use or Do Not Use Out-

patient Positive-Pressure Ventilation

No Positive

Airway

Pressure

Positive

Airway

Pressure

*Unadjusted

Hazard Ratio

(95% CI)

p

Value

Postoperative atrial

fibrillation

29 (76%) 18 (56%) 0.63 (0.35-1.15) 0.13

*Use of nocturnal positive airway pressure versus no use of

nocturnal positive airway pressure as an outpatient.
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DISCUSSION

The main finding of this study was that a preoperative OSA
diagnosis was associated with POAF following cardiac surgery.
Patients with OSA who used home nocturnal positive airway
pressure had a lower rate of POAF, but this did not reach
statistical significance.

The authors’ observation that OSA was independently
associated with POAF in CABG patients was consistent with
other studies. Prior studies by Mooe et al14 and van Oosten
et al15 observed a 2.8-fold and 1.8-fold increased risk of POAF
after CABG surgery in patients with OSA, respectively.
Because of the larger sample size, the authors were able to
adjust for confounding factors, including BMI and previous
atrial fibrillation, both of which have been shown to be
associated with sleep apnea and atrial fibrillation in the non-
surgical population.5,18,19 In addition to patients undergoing
CABG surgery, the authors also examined the relationship
between OSA and POAF among patients undergoing valve
surgery. The observed interaction between OSA, and surgery
type in relation to POAF requires further discussion. The
authors speculate that atrial morphology may mediate the
interaction. Atrial size is known to be associated with both
atrial fibrillation and OSA.8,9 In a nonsurgical retrospective
cohort, Tsang et al observed a 43% increased risk of atrial
fibrillation associated with a 30% larger left atrial volume
measured by transthoracic echocardiogram.20 Otto and col-
leagues observed a significantly larger left atrial volume index
in obese patients with moderate-to-severe OSA compared to
obese patients without OSA21; interestingly, work from several
groups suggested that atrial remodeling associated with OSA is
reversible with PAP treatment.22,23 Chronic aortic and mitral
valve lesions result in left atrial remodeling. Thus, compared to
hearts with only coronary artery disease, the effect of OSA on
left atrial morphology may be less evident in the presence of
chronic aortic or mitral valve pathology. The authors were
unable to investigate the role of atrial morphology in the
relationship between OSA and POAF because echocardio-
graphic details of atrial morphology were incomplete during
the sampling frame. Future studies should address atrial
morphology as a confounder to the relationship between
OSA and POAF. Nonetheless, this report adds to the small
but growing body of evidence that OSA is a significant
predictor of POAF in cardiac surgery patients.

Most POAF predictors are not modifiable.1 Whether or not
the risk of POAF associated with OSA is modifiable remains
unresolved. The possibility is intriguing as OSA treatment has
been shown to be effective in treating refractory atrial
fibrillation,22 to result in beneficial cardiac remodeling,23 and
to reduce serum inflammatory cytokine levels.24 The authors
did not observe a statistically significant difference in the rate
of POAF among patients with OSA who did or did not use
home nocturnal positive airway pressure. First, this study was
inadequately powered to test the null hypothesis that nocturnal
positive airway pressure has no effect on the rate of POAF.
Second, they did not have reliable data on whether or not
patients were adherent with nocturnal positive airway pressure
treatment during hospitalization. If postoperative nocturnal
positive airway pressure ventilation has a significant effect on
POAF, then using home nocturnal positive airway pressure as
the predictor would be inadequate. Third, although positive
airway pressure usage of four or more hours was documented,
the frequency of usage was undocumented; thus, the authors
cannot quantify adherence to positive airway pressure therapy,
which may result in misclassification. The question of whether
or not nocturnal positive airway pressure is effective in
reducing the POAF rate in patients with OSA should be
explored in future investigations.

Among the secondary outcomes, in-hospital death and out-
of-ICU cardiac arrest deserve additional comment. Among the
6 patients with OSA who died prior to discharge, 3 had
prolonged ICU courses with multiorgan system failure. How-
ever, 3 patients suffered cardiac arrest while recovering in the
telemetry unit (1 ventricular fibrillation, and 2 had pulseless
electrical activity). In addition, 1 patient with OSA suffered
asystole, required chest compressions and ICU readmission,
and was discharged with a permanent pacemaker. In contrast,
of the 5 patients who died prior to discharge without OSA, 4
died with multiorgan without leaving the ICU postoperatively
with system failure. Autonomic dysfunction in patients with
OSA predisposes them to cardiac arrhythmias including
ventricular arrhythmias, bradycardia, and heart block.25,26

Furthermore, in a large longitudinal study in a non-surgical
cohort, presence and severity of OSA were observed to be
predictors of sudden cardiac death.27 Whether or not recent
cardiac surgery with extracorporeal circulation increases myo-
cardial vulnerability to the insults from OSA is unknown. The
authors’ observation is hypothesis-generating.
LIMITATIONS

The retrospective study design likely resulted in misclassi-
fication of some patients. It is more likely patients with OSA
were misclassified as not having OSA rather than vice versa.
The authors cannot exclude the possibility of differential
misclassification, an unaccounted-for factor associated with
decreased risk of POAF and decreased likelihood of OSA
recognition, resulting in overestimation of the association
between OSA and POAF. They believe the misclassification
is likely nondifferential, which would not alter their conclusions.

Furthermore, they were limited by the lack of formal sleep
study data in the majority of the cohort with OSA. First, being
a referral center, many of their cardiac surgery patients receive
their primary care at other institutions; sleep study data from
other institutions are not available to the authors. Second, for
patients who had a sleep study performed at the authors’
institution prior to 2007, paper copies of the sleep study may



Age is represented as per 10 year increase in age
Any surgery involving aortic or mitral valve compares to CABG only surgery.

Cerebral Vascular Event refers to having a history of either cerebral vascular accident or transient ischemic attack.
COPD, Chronic Obstructive Pulmonary Disease
IABP, Intraaortic balloon counterpulsation pump.

Number at risk
No Sleep Apnea:   473     463      428      382     340     290      206    133      95        78        57      47        35 29       23    18       14       13         
Sleep Apnea:           72      69        61       47        37       29        25       15       9          6          5        4  4          3         2         2         1        0           

Obstructive Sleep Apnea

No Sleep Apnea

Log-rank p < 0.0001

Fig 2. (a) Kaplan-Meier method exploring unadjusted differences in postoperative atrial fibrillation rates between patients with and without

obstructive sleep apnea diagnosis. (b) Multivariate Cox proportional hazard model (full-model, no selection) was used to adjust for potential

confounders of the relationship between postoperative atrial fibrillation and obstructive sleep apnea. The entire cohort was used. The point

estimate and the 95% confidence interval of the hazard ratio are plotted.
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not have been scanned into the electronic medical record. Thus,
in the majority of patients with an OSA diagnosis, the authors
were unable to classify the severity of OSA or identify patients
with mixed (central and obstructive) sleep apnea syndrome; the
authors were not able to investigate the relationship between
OSA severity and risk of POAF. This may be important
because recent evidence suggests an association between
OSA severity and refractory atrial fibrillation in the nonsurgical
population.28

Because the authors only reviewed inpatient records related
to the surgery, patients who develop POAF after hospital
discharge would not have been classified as having POAF,



Table 4. Secondary Outcomes in Relation to Sleep Apnea Diagnosis§

Outcomes, Categoric Variables, n (%) No Sleep Apnea (n ¼ 473) Sleep Apnea (n ¼ 72) Unadjusted Odds Ratio (95% CI) p value

In-hospital death 5 (1.9%) 6 (12%) 3.82 (1.37-10.67) 0.01

Code blue while on telemetry floor 1 (0.2%) 4 (5.6%) 28.1 (3.1-255) o0.01
*PE and/or DVT 4 (0.9%) 4 (5.6%) 6.90 (1.69-28.22) o0.01
†Renal replacement therapy 9 (2.0%) 5 (7.1%) 3.78 (1.23-11.62) 0.02

Reintubation 22 (4.7%) 7 (9.9%) 2.24 (0.92-5.45) 0.07

ICU readmission 20 (4.3%) 6 (8.5%) 2.08 (0.81-5.38) 0.13

Tracheostomy 6 (1.3%) 2 (2.8%) 2.22 (0.44-11.21) 0.33
‡CVA or TIA 9 (1.9%) 3 (4.2%) 2.24 (0.59-8.47) 0.20

Seizures 8 (1.7%) 2 (2.8%) 1.66 (0.34-7.96) 0.52

Mediastinal re-exploration 29 (6.1%) 7 (9.7%) 1.65 (0.69-3.92) 0.26

Initial ICU length of stay Z4 days 151 (31.9%) 22 (30.6%) 0.94 (0.55-1.61) 0.81

Hospital length of stay Z10 days 143 (30.2%) 25 (34.7%) 1.23 (0.73-2.07) 0.44

Length of stay as continuous variable, mean � SD

Initial ICU length of stay (days) 3.9 � 6.2 4.3 � 6.0 0.55

Hospital length of stay (days) 9.7 � 9.6 10.3 � 6.6 0.47

Abbreviations: PE, pulmonary embolus; DVT, deep vein thrombosis; CVA, cerebral vascular accident; ICU, intensive care unit; TIA, transient

ischemic attack.

*Radiographic (including ultrasound) or autopsy demonstrating pulmonary embolus or deep vein thrombosis.

†Subjects requiring dialysis preoperatively were excluded from analysis. Thus, 451 records among those without sleep apnea and 70 records

among those with sleep apnea were analyzed.

‡Cerebral vascular accident or transient ischemic attack documented by board certified neurologist.

§Initial ICU stay is the period between immediate postoperative care to discharge to telemetry unit. It does not include ICU readmission days.
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resulting in misclassification of outcome. Furthermore, during
this study’s sampling time frame, the authors did not have an
institutional protocol for the treatment of POAF. Treatment was
at the discretion of the physician; thus, varying thresholds to
treat POAF may have affected the classification of outcome.
However, the authors are reassured that they observed rates of
POAF were similar to those reported in the literature.29–31

The authors derived the dataset from a single tertiary care
referral center. Thus, their findings may not be generalizable.
Furthermore, they studied only patients undergoing CABG
and/or valvular surgery with extracorporeal circulation.
Whether or not these observations apply to off-pump CABG
surgery, transcatheter valve replacement surgery, major aortic
surgery requiring deep hypothermic circulatory arrest, mini-
mally invasive techniques, and mechanical circulatory assist
device surgeries is unknown.

Also, the authors were unable to reliably measure the
number of atrial fibrillation episodes, their duration, and
whether episodes of atrial fibrillation resulted in hemodynamic
compromise. Thus, they were unable to compare the severity
and refractoriness of POAF between patients with and
without OSA.
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