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KEY POINTS
• Question: Are cardiac surgical patients who are at high risk for obstructive sleep apnea at 

increased risk for postoperative atrial fibrillation?
• Findings: For every point increase in a preoperative STOP-BANG (snoring, tired during the 

day, observed stop breathing during sleep, high blood pressure, body mass index more than 
35 kg/m2, age more than 50 years, neck circumference more than 40 cm, and male gen-
der) score, a validated and sensitive screening tool for obstructive sleep apnea, the odds of 
postoperative atrial fibrillation increased by 16%; initial duration of mechanical ventilation or 
length of hospitalization, however, were not affected.

• Meaning: Preoperative assessment of cardiac surgical patients with the STOP-BANG question-
naire may identify patients who are more likely to develop postoperative atrial fibrillation and 
allow implementation of preventative measures.

BACKGROUND: Patients with obstructive sleep apnea (OSA) experience intermittent hypoxia, hyper-
carbia, and sympathetic activation during sleep, which increases risk for paroxysmal atrial fibrillation 
and other cardiac arrhythmias. Whether patients with OSA experience increased episodes of atrial 
fibrillation after cardiac surgery is unclear. We examined whether patients at increased risk for OSA, 
assessed by the STOP-BANG (snoring, tired during the day, observed stop breathing during sleep, high 
blood pressure, body mass index more than 35 kg/m2, age more than 50 years, neck circumference 
more than 40 cm, and male gender) questionnaire, had a higher incidence of new-onset postop-
erative atrial fibrillation after cardiac surgery. Because both postoperative atrial fibrillation and OSA 
increase resource utilization, we secondarily examined whether patients at increased OSA risk had 
longer duration of postoperative mechanical ventilation and intensive care unit (ICU) length of stay.
METHODS: With institutional review board approval, this retrospective observational study eval-
uated adult patients who underwent elective cardiac surgery requiring cardiopulmonary bypass 
between 2014 and 2015 with preoperative assessment of OSA risk using the STOP-BANG ques-
tionnaire. Patients with a history of atrial fibrillation were excluded. The association between 
the STOP-BANG score and postoperative atrial fibrillation was examined using a multivariable 
logistic regression model. Secondarily, we estimated the association between the STOP-BANG 
score and duration of initial intubation using multivariable linear regression and ICU length of 
stay using Cox proportional hazards regression. We also descriptively summarized the percent-
age of patients requiring tracheal reintubation for mechanical ventilation.
RESULTS: Of 4228 cardiac surgery patients, 1593 met inclusion and exclusion criteria. An 
increased STOP-BANG score was associated with higher odds of postoperative atrial fibrillation 
(odds ratio [95% confidence interval {CI}], 1.16 [1.09–1.23] per-point increase in the STOP-
BANG score; P < .001). The STOP-BANG score was not associated with ICU length of stay (esti-
mated hazard ratio [97.5% CI], 0.99 [0.96–1.03] per-point increase in the STOP-BANG score; P 
= .99) or duration of initial intubation (ratio of geometric means [97.5% CI], 1.01 [1.00–1.04]; 
P = .03; significance criterion [Bonferroni correction] < 0.025). One percent of patients required 
reintubation.
DISCUSSION: Increasing risk for OSA, assessed by STOP-BANG, was associated with higher 
odds of postoperative atrial fibrillation, but not prolonged duration of mechanical ventilation or 
ICU length of stay.  (Anesth Analg 2018;126:2025–31)
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Obstructive Sleep Apnea and Atrial Fibrillation

Obstructive sleep apnea (OSA), a type of sleep-
disordered breathing characterized by episodes 
of complete or partial airway obstruction, occurs 

in 10%–20% of the population—though up to 90% remain 
undiagnosed.1–4 Surgical patients have a greater incidence of 
OSA: more than 1-in-5 are considered high risk by screening 
questionnaire, and of these patients, over 80% later test pos-
itive for OSA.5 Others reported that 40% of surgical patients 
who underwent polysomnography testing had moderate-
to-severe OSA.6 In cardiac surgical patients, almost half, 
most of whom were undiagnosed, were identified as hav-
ing OSA by screening questionnaire or polysomnography.7

OSA is characterized by intermittent hypoxia, hypercar-
bia, sympathetic activation, and catecholamine secretion 
caused by arousal episodes, which increase risk of atrial 
fibrillation.8,9 Whether these conditions also increase risk 
for atrial fibrillation after cardiac surgery is unclear. Prior 
investigations are limited by small study populations7,10–13 
and thus cannot adequately correct for multiple preopera-
tive risk factors. Some investigations exclude patients at 
high risk for OSA but without a formal diagnosis,11 thus 
eliminating the majority of patients with undocumented 
OSA.1–3 Other reports include patients with a history of 
atrial fibrillation11 and therefore cannot distinguish new-
onset postoperative atrial arrhythmias. Many reports are 
limited to patients undergoing isolated coronary artery 
bypass grafting,10,12–14 which restricts the generalizability of 
their findings. Two recent meta-analyses were both based 
on many of the aforementioned limited heterogeneous 
investigations,14,15 and thus provide inconclusive results 
and underline the need for further investigation.

We thus tested the hypothesis that patients at increased 
risk for OSA assessed by the STOP-BANG (snoring, tired 
during the day, observed stop breathing during sleep, high 
blood pressure, body mass index [BMI] more than 35 kg/
m2, age more than 50 years, neck circumference more than 
40 cm, and male gender) questionnaire, a widely accepted 
and validated risk score,16 have increased risk of developing 
atrial fibrillation after cardiac surgery. Because postopera-
tive atrial fibrillation causes hemodynamic instability and 
increases resource utilization,17 we secondarily examined 
whether increasing the STOP-BANG score was also associ-
ated with increased duration of postoperative mechanical 
ventilation, an increased intensive care unit (ICU) length of 
stay, and increased risk of tracheal reintubation for mechan-
ical ventilatory support.

METHODS
With approval and waiver of consent from the Cleveland 
Clinic Institutional Review Board, we evaluated the associa-
tion between risk for OSA assessed by preoperative STOP-
BANG scores and postoperative atrial fibrillation in patients 
undergoing cardiac surgery. This retrospective observa-
tional cohort investigation used data from the institutional 
Society of Thoracic Surgeons database, the Cleveland Clinic 
Automated Record Keeper System, and the patient’s medi-
cal record.

We included adults who underwent elective cardiac sur-
gery between January 1, 2014, and September 30, 2015, who 
had preoperative STOP-BANG assessments measured dur-
ing their preoperative anesthesia evaluation. Patients with a 

history of atrial fibrillation or flutter, scheduled for a MAZE 
procedure, heart or lung transplant, ventricular assist 
devices, extracorporeal membrane oxygenation, or any pro-
cedure requiring deep hypothermic circulatory arrest were 
excluded. Patients were also excluded if they had missing 
baseline, procedural, or outcome data.

STOP-BANG Score
The STOP-BANG assessment became a part of the standard 
preoperative anesthesia evaluation before cardiac surgery 
in January 2014 and is performed by Cleveland Clinic car-
diac anesthesia fellows and anesthesiology residents. The 
STOP-BANG questionnaire is shown in Table 1. The results 
of the STOP-BANG questionnaire were acquired electroni-
cally from the patient’s medical record for this investiga-
tion. Using an 8-point scale, a STOP-BANG score of 0–2 
indicates low risk for OSA, 3–5 indicates moderate risk, 
and 6–8 indicates high risk. A STOP-BANG score of 7 or 8 
increases the odds of OSA 7- to 15-fold, respectively.18 The 
STOP-BANG questionnaire has better sensitivity for detect-
ing mild, moderate, and severe OSA than other tools such 
as the Berlin Questionnaire, STOP questionnaire, and the 
Epworth Sleepiness Scale and has high diagnostic accuracy 
in detecting OSA in different populations.19

Outcome Variables
Outcome data were acquired from the institutional Society 
of Thoracic Surgeons database using definitions from ver-
sion 2.73. The primary outcome was defined as new-onset 
postoperative atrial fibrillation/flutter after cardiac surgery 
requiring treatment. Patients who had recurrence of previ-
ously documented atrial arrhythmias were not included. 
Secondary outcomes included (1) duration of initial intuba-
tion, (2) initial ICU length of stay, and (3) need for tracheal 
reintubation for mechanical ventilatory support.

Statistical Analysis
Baseline demographic, medical, and procedural charac-
teristics of the patient population defined in Table 2 were 
described using appropriate summary statistics (ie, N (%), 
mean ± standard deviation, or median [Q1, Q3]). All primary 

Table 1.  STOP-BANG Questionnaire
1. Snoring: Do you snore loudly enough to be heard through closed doors?

Yes No
2. Tired: Do you often feel tired, sleepy, or fatigued during the daytime?

Yes No
3. Observed: Has anyone observed you stop breathing in your sleep?

Yes No
4. Blood pressure: Are you being treated for high blood pressure?

Yes No
5. BMI: Is your BMI >35 kg/m2?

Yes No
6. Age: Age over 50 y old?

Yes No
7. Neck circumference: Neck circumference >40 cm?

Yes No
8. Gender: Male?

Yes No

Abbreviations: BMI, body mass index; STOP-BANG, snoring, tired during the 
day, observed stop breathing while sleep, high blood pressure, body mass 
index more than 35 kg/m2, age more than 50 years, neck circumference 
more than 40 cm, and male gender.
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and secondary analyses were adjusted for the following 
potentially confounding variables: left atrial dilation, dia-
betes, chronic obstructive pulmonary disease, β-blocker or 
ACE inhibitor use, left ventricular ejection fraction, proce-
dure type, inotrope use, and durations of cardiopulmonary 
bypass and surgery. Though we summarize the age, gender, 
BMI, and prevalence of hypertension of the study popu-
lation, we did not adjust for these variables in the models 
because they are components of the STOP-BANG score 
and adjustment would remove any relationships between 
the STOP-BANG score and outcomes. Similarly, history of 
sleep apnea was not adjusted for because it is expected to 
be correlated with high STOP-BANG risk and may “wash 
out” the relationship between the STOP-BANG score and 

outcomes. Though we planned to adjust for history of pul-
monary hypertension, we could not due to low incidence in 
the study population.

Primary Analysis. Although STOP-BANG is an ordinal score 
with 9 categories, we treated it as a continuous variable in 
the primary analysis. We estimated the association between 
the STOP-BANG score and postoperative atrial fibrillation 
using a multivariable logistic regression model adjusting 
for potentially confounding variables. Linearity of the 
relationships between continuous predictors and atrial 
fibrillation was assessed graphically.

We assessed whether including the STOP-BANG score 
in the primary regression model improves model discrimi-
nation for atrial fibrillation by comparing a model adjust-
ing for the STOP-BANG score and potential confounders 
with the same model excluding the STOP-BANG score. We 
calculated C statistics for both models (ie, models with and 
without the STOP-BANG predictor). A C statistic of 0.5 indi-
cates that the model is no better than chance at prediction, 
while a C statistic of 1.0 indicates that the model perfectly 
discriminates the outcome. We compared C statistics using 
the Delong test with a 0.05 significance criterion.

We univariably estimated the incidence of atrial fibrilla-
tion with a 99.4% binomial confidence interval (CI) for each 
preoperative STOP-BANG score (ie, [1 − 0.05/9] × 100% CI, 
Bonferroni). In a post hoc sensitivity analysis, we assessed 
the univariable association (eg, not adjusting for any poten-
tial confounders) between STOP-BANG and atrial fibrilla-
tion using logistic regression.

Secondary Analysis. We originally planned to assess the 
association between the STOP-BANG score and 3 secondary 
outcomes: (1) duration of initial intubation; (2) need for 
tracheal reintubation; and (3) initial ICU length of stay. 
However, we could not perform an unadjusted or formal 
confounder-adjusted statistical analysis for need for tracheal 
reintubation due to low incidence in our study population.

The association between the STOP-BANG score and ICU 
length of stay was estimated using a Cox proportional haz-
ards regression model adjusting for potential confounders. 
Patients who died before discharge were censored at the 
longest observed ICU length of stay in our study popula-
tion. We estimated the association between the STOP-BANG 
score and duration of initial intubation using a multivari-
able linear regression model adjusting for potential con-
founders. Duration of initial intubation data was skewed 
right and was thus log-transformed to meet model normal-
ity assumptions.

Post hoc, sensitivity analyses were performed, assess-
ing the association between high versus low OSA risk with 
primary and secondary outcomes. OSA risk was defined 
by dichotomizing STOP-BANG scores, into a high-risk cat-
egory including STOP-BANG scores between 5 and 8 and 
low-risk category with scores ≤4 points.

Both the primary and secondary analyses were performed 
using an α of .05, with a significance criterion of 0.05 for the 
primary analysis and 0.025 (ie, 0.05/2, Bonferroni) for each 
secondary analysis. Analyses were performed using R version 
3.3.1 (The R Foundation for Statistical Computing, Vienna, 
Austria) and SAS version 9.4 (SAS Institute, Carey, NC).

Table 2.  Demographic, Medical, and Procedural 
Characteristics of the Study Population

Variable
Summary  

(N = 1593)
Demographics
 Age (y)a 61 ± 13
 Female (%)a 530 (33)
 Body mass index (kg/m2)a 28 ± 6
Medical history (%)
 Known history of sleep apneaa 168 (11)
 Hypertensiona 1269 (80)
 Diabetes mellitus 355 (22)
 Chronic obstructive pulmonary disease 261 (16)
 Pulmonary hypertension 4 (0.3)b

 Preoperative β-blocker use 891 (56)
 Preoperative ACE inhibitor use 737 (46)
 Left ventricular ejection fraction (%)
  >60 789 (50)
  50–59 640 (40)
  46–49 36 (2)
  41–45 39 (2)
  35–40 39 (2)
  <35 50 (3)
 Moderate/severe left atrial dilation (%) 742 (47)
Procedure characteristics
 Cardiopulmonary bypass time (min) 79 [59, 108]
 Duration of surgery (h) 5.5 [4.6, 6.7]
 Intraoperative inotrope/vasopressor use (%)c 944 (59)
  Epinephrine 541 (34)
  Norepinephrine 732 (46)
  Milrinone 47 (3)
 Procedure type (%)  
  Valve repair/replacement 1048 (66)
  Coronary artery bypass grafting 216 (14)
  Coronary artery bypass grafting+valve repair/ 

replacement
239 (15)

  Other 90 (6)
Procedure type details (%)d

 Aortic valve proceduree 822 (52)
 Mitral valve proceduree 536 (34)
 Tricuspid/pulmonic valve proceduree 103 (6)

Summary statistics presented as n (%), mean ± standard deviation, or 
median [Q1, Q3] as appropriate.
Abbreviation: STOP-BANG, snoring, tired during the day, observed stop 
breathing during sleep, high blood pressure, body mass index more than 
35 kg/m2, age more than 50 years, neck circumference more than 40 cm, 
and male gender.
aNot adjusted for in analyses because variable is a component of the STOP-
BANG questionnaire or is correlated with the exposure.
bNot adjusted for in analyses because of low incidence.
cPatient may have received more than 1 inotrope/vasopressor medication.
dNot adjusted for in analyses and provided for informational purposes only.
eSome patients have more than 1 valve procedure.
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Sample Size and Power. We planned this study expecting 
3000 patients to meet the inclusion and exclusion criteria. 
We calculated power based on a logistic regression model 
assuming a 30% incidence of postoperative atrial fibrillation 
and the distribution of STOP-BANG scores reported by 
Chung et al.18 We expected to have 90% power at the .05 
significance level to detect odds ratios as small as 1.08 per-
point increase in the STOP-BANG score. Given the actual 
sample size of 1593 patients with an observed 37% incidence 
of postoperative atrial fibrillation and distribution of STOP-
BANG scores in Figure  1, we had about 90% empirical 
power at the 0.05 significance level to detect an odds ratio 
as small as 1.09 and 80% empirical power to detect an odds 
ratio as small as 1.08 per-point increase in the STOP-BANG 
score.

RESULTS
Of the 4228 adult patients who underwent elective cardiac 
surgery requiring cardiopulmonary bypass from January 
1, 2014, through September 30, 2015, 1593 patients met eli-
gibility criteria (Figure  1). The preoperative STOP-BANG 
questionnaire was not performed in 1732 patients because 
a second (older) version of the preoperative assessment 
template was randomly used, which did not include the 
STOP-BANG questionnaire. The final study population is 
described in Table 2. The distribution of preoperative STOP-
BANG scores in the final study population is illustrated in 
Figure 2.

Primary Analysis
Without adjusting for any potential confounding variables, 
the STOP-BANG score was significantly associated with 
atrial fibrillation, with an estimated odds ratio (95% CI) of 
1.18 (1.11–1.24) per-point increase in the STOP-BANG score (P 
< .001). This association persisted after adjusting for potential 

confounding variables in Table  2 (except for age, gender, 
BMI, and hypertension), with an estimated odds ratio (95% 
CI) of 1.16 (1.09–1.23) per-point increase (P < .001) (Table 3). 
Postoperative atrial fibrillation occurred in 37% of the study 
population. The incidence of atrial fibrillation is presented by 
the STOP-BANG score in Figure 3 with 99.4% CIs.

Including STOP-BANG in the primary model did not 
improve model discrimination compared to the same 
model excluding the STOP-BANG term (Delong P = .06). 
The observed C statistic was 0.665 for the model including 
STOP-BANG score and 0.653 for the model excluding the 
STOP-BANG score.

Secondary Analyses
There was no association between increasing levels of the 
STOP-BANG score and the secondary outcomes, with an 
estimated hazard ratio (97.5% CI) of 0.99 (0.96–1.03) per-
point increase in STOP-BANG score for ICU length of stay 
(P = .99) and an estimated ratio of geometric means (97.5% 
CI) of 1.01 (1.00–1.04) per-point increase for duration of ini-
tial intubation (P = .03; significance criterion [Bonferroni 
correction] < 0.025) per-point increase in the STOP-BANG 
score (Table 3). We observed a median [Q1, Q3] ICU length 
of stay of 29 [24, 53] hours and a median [Q1, Q3] duration 
of initial intubation of 11 [8, 15] for the patient population. 
One percent of patients required tracheal reintubation for 
mechanical ventilation.

Sensitivity Analyses
The results from our sensitivity analysis were consistent 
with our primary conclusions and found that high OSA 
risk (defined as STOP-BANG scores between 5 and 8) was 
associated with postoperative atrial fibrillation with an esti-
mated odds ratio (95% CI) of 1.37 (1.07–1.74) for patients 
with a STOP-BANG score >4; P = .01 (Supplemental Digital 
Content, Appendix 1, http://links.lww.com/AA/C265). 
High OSA risk was associated with an increased duration 
of initial intubation, with an estimated ratio of geometric 
means (97.5% CI) of 1.08 (1.02–1.17); P = .006, but not with 
initial ICU length of stay (P = .62).

Figure 1. Study flow chart. ECMO indicates extracorporeal mem-
brane oxygenation; STOP-BANG, snoring, tired during the day, 
observed stop breathing during sleep, high blood pressure, body 
mass index more than 35 kg/m2, age more than 50 years, neck 
circumference more than 40 cm, and male gender.

Figure 2. Observed distribution of preoperative STOP-BANG scores 
in the study population (N = 1593). STOP-BANG indicates snoring, 
tired during the day, observed stop breathing during sleep, high blood 
pressure, body mass index more than 35 kg/m2, age more than 50 
years, neck circumference more than 40 cm, and male gender.

http://links.lww.com/AA/C265
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DISCUSSION
Postoperative atrial fibrillation occurs in 10%–60% of patients 
after cardiac surgery20,21 and predicts increased risk of throm-
boembolic events, including stroke, hemodynamic instability, 
longer hospital stay, greater resource utilization, and mortal-
ity.20,22,23 Identifying patients at risk for atrial fibrillation after 
cardiac surgery may improve resource utilization, guide pre-
ventative therapy, and ultimately reduce morbidity and mor-
tality.21,24 Our investigation reports that patients at high risk 
for OSA measured by STOP-BANG are at increased risk for 
atrial fibrillation. For every point increase in the STOP-BANG 
score, the odds of atrial fibrillation increased by 16%.

Patients with OSA are at increased risk for atrial fibrillation 
in the nonoperative setting due to frequent episodes of noc-
turnal hypoxia, hypercarbia, and sympathetic activation.25 
These conditions similarly contribute to the development of 

other cardiovascular diseases including hypertension, coro-
nary artery disease, pulmonary hypertension, congestive 
heart failure, and other cardiac arrhythmias.25–29 The devel-
opment of these cardiovascular conditions and the subse-
quent need for corrective cardiac surgery may explain why 
the incidence of OSA is higher in cardiac surgical patients 
compared to the general population.30

Obesity, coronary artery disease, and diabetes mellitus are 
common in patients with OSA and each disorder increases 
risk for postoperative atrial fibrillation.31–33 A determination 
of whether OSA increases risk for postoperative atrial fibril-
lation therefore requires correction for underlying comor-
bidities that also independently increase risk. Although 
previous reports found an increased risk of atrial fibrillation 
in patients with OSA,7,10–13 these investigations included 
small study populations of 140 or fewer patients with OSA, 
which is insufficient to adjust for multiple patient comor-
bidities and other risk factors. Previous investigations thus 
could not exclude the possibility of residual confounding. 
Our analysis was an order-of-magnitude greater than prior 
reports and therefore could adjust for multiple periopera-
tive risk factors, including β-blocker use, history of chronic 
obstructive pulmonary disease, and relevant echocardio-
graphic variables, such as left atrial size, which significantly 
impact the incidence of postoperative atrial fibrillation.34–42

Our analysis, however, did not adjust for patient character-
istics including age, gender, BMI, or history of hypertension, 
because these variables are components of the STOP-BANG 
questionnaire, and adjustment for these variables would 
remove any relationship between atrial fibrillation and OSA 
risk defined by STOP-BANG. These data therefore demon-
strate that patients at high risk for OSA measured by increas-
ing levels of STOP-BANG were associated with postoperative 
atrial fibrillation. The secondary results, however, did not find 
that patients with high OSA risk were at increased risk of pro-
longed need for mechanical ventilation or ICU stay.

Our investigation used the STOP-BANG score to identify 
patients at high risk for OSA rather than the gold standard 
test, nocturnal polysomnography for several reasons. A 

Table 3.  Association Between STOP-BANG Scores and Postoperative Outcomes

Primary Outcome
Incidence 

(N = 1593) Odds Ratioa (CI)b P Valueb

Atrial fibrillation 591 (37%) 1.16 (95% CI, 1.09–1.23) <.001

Secondary Outcomes
Need for tracheal reintubationc 18 (1%) NA NA
Initial intensive care unit length of stay (h)d 29 [24, 53] Hazard Ratioe 

0.99 (97.5% CI, 0.96–1.03)b
.99b

Duration of initial intubation (h)f 11 [8, 15] Ratio of Geometric Meansg 
1.01 (97.5% CI, 1.00–1.04)b

.03b

All models adjust for demographics, medical history, and procedure characteristics in Table 2.
Abbreviations: CI, confidence interval; STOP-BANG, snoring, tired during the day, observed stop breathing during sleep, high blood pressure, body mass index more 
than 35 kg/m2, age more than 50 years, neck circumference more than 40 cm, and male gender.
aThe odds ratio was estimated from a multivariable logistic regression model.
bSignificance criterion was 0.05 for the primary outcome and 0.025 for each secondary outcome (ie, 0.05/2, Bonferroni).
cThe relationship between STOP-BANG scores and need for tracheal reintubation was not assessed because of low incidence of reintubation. Data were 
unavailable for 2 patients.
dSix patients had unavailable length of stay information and were excluded from the ICU length of stay analysis.
eThe hazard ratio was estimated from a Cox proportional hazards regression model. Patients who died before discharge were censored to the longest observed 
length of stay.
fData on duration of intubation were unable for 9 patients who were thus excluded from the intubation analysis.
gThe ratio of geometric means was estimated by exponentiating the log duration of intubation parameter from a multivariable linear regression model. Duration 
of intubation was log-transformed for model to meet normality assumptions.

Figure 3. Incidence (99.4% confidence interval) of atrial fibrillation 
across preoperative STOP-BANG scores. Confidence intervals are 
conservatively Bonferroni corrected (ie, 99.4% CI = (1 − 0.05/9) 
× 100% CI) for 9 levels of the STOP-BANG score. CI indicates confi-
dence interval; STOP-BANG, snoring, tired during the day, observed 
stop breathing during sleep, high blood pressure, body mass index 
more than 35 kg/m2, age more than 50 years, neck circumference 
more than 40 cm, and male gender.
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confirmed diagnosis of OSA based on nocturnal polysom-
nography data is available on only a minority of patients 
and eliminates many patients (up to 82% of men and 92% 
of women) with moderate–severe sleep apnea who remain 
undiagnosed.18 In fact, patients who present for surgery 
that are deemed high risk for OSA rarely have nocturnal 
polysomnography testing before cardiac surgery. In addi-
tion, some evidence suggests that nocturnal polysomnogra-
phy testing limited to 1 night may not accurately diagnosis 
OSA.43 Use of the STOP-BANG screening questionnaires 
before surgery, in contrast, identifies patients at high risk 
for OSA who have not had formal testing. Chung et al44 
showed that STOP-BANG is 93% sensitive to detect mod-
erate OSA and 100% sensitive for severe OSA if STOP-
BANG score is ≥3; however, reports also demonstrate low 
specificity for STOP-BANG44 suggesting that STOP-BANG 
is an excellent screening tool for OSA but a poor diagnos-
tic tool. Nevertheless, STOP-BANG is a better predictor of 
OSA compared to other questionnaires such as the Epworth 
Sleepiness Scale, the Berlin Questionnaire, and the STOP 
questionnaire.10,45 It is important to note that the STOP-
BANG score is easily administered to patients who present 
for cardiac surgery who are at high risk for this serious com-
plication. Therefore, despite the fact that polysomnography 
is the preferred method and gold standard for OSA diagno-
sis, data on polysomnography testing were unavailable in 
our study population; the STOP-BANG questionnaire, how-
ever, provided an excellent alternative to identify patients at 
high risk for OSA. Further study examining the relationship 
between OSA diagnosed by polysomnography or portable 
monitoring and postoperative atrial fibrillation is needed.

Atrial fibrillation causes hemodynamic instability and 
increases length of hospitalization and resource utilization.17 
However, patients with high OSA risk in our investigation 
did not demonstrate a prolonged need for mechanical venti-
lator support or prolonged ICU stay. One explanation is that 
postoperative atrial fibrillation usually occurs 2–3 days after 
surgery,46 and most patients were likely discharged from the 
ICU when this occurred. One recent meta-analysis similarly 
reported that ICU and hospital length of stay did not differ 
between patients with OSA versus those without.15

Patients with OSA are often characterized by advanced 
age, increased body mass, and hypertension, which increase 
risk for postoperative complications. High STOP-BANG 
scores increase the likelihood of postoperative cardiopul-
monary complications such as hypoxemia, atelectasis, pul-
monary embolism, pneumonia, or hypotension.47 Other 
reports concur that patients with OSA have increased risk 
of postoperative respiratory and cardiac complications 
after noncardiac surgery.47,48 These data provide support-
ing evidence that patients with OSA experience more post-
operative complications perhaps related to their increased 
incidence of multiple comorbidities.

There are limitations to our study. The STOP-BANG score 
is not a perfect predictor of OSA, though it is considered one of 
the best tools to identify OSA risk because of its simplicity and 
easy application to patients who present for elective cardiac 
surgery. Our study was designed to include 3000 cardiac surgi-
cal patients who fulfilled the inclusion and exclusion criteria, 
and assumed a 30% incidence of postoperative atrial fibril-
lation. Although the actual sample size was smaller at 1593 

patients, the incidence of postoperative atrial fibrillation was 
higher and occurred in 37% of patients which still provided 
90% power to detect an odds ratio as small as 1.09 per-point 
increase in STOP-Bang score; therefore, our sample size was 
sensitive enough to detect a clinically relevant increase in risk. 
Other limitations to this investigation are inherent to its retro-
spective design, which includes the possibility of unmeasured 
variables and residual confounding. Further, our investiga-
tion could only assess association, not causation. It is possible 
that patients with higher STOP-Bang scores received different 
treatment compared to patients with low scores, and data on 
whether patients received treatment for OSA, including the 
use of continuous positive airway pressure therapy, were not 
available for this investigation. This analysis is a single-center 
investigation based at the Cleveland Clinic and institution-
specific procedures may have affected this result.

In summary, after adjustment for patient characteristics 
and comorbidities, each point increase in preoperative the 
STOP-BANG score was associated with a 16% increase in 
the odds for developing postoperative atrial fibrillation, 
though the duration of tracheal intubation or ICU length of 
stay after cardiac surgery was not affected. E
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