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Abstract

Objective—A recent investigation at Barnes-Jewish Hospital located in St. Louis, Missouri, 

found that an estimated 22% of adults presenting for inpatient surgery screened as high risk for 

obstructive sleep apnea (OSA). Surgical patients with OSA have multiple comorbidities and are at 
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increased risk for perioperative complications. Our objective was to determine whether a prior 

diagnosis of OSA, or a positive screen for OSA is associated with increased risk for 30 days and 

one year mortality.

Methods—B-J APNEAS (Barnes-Jewish Apnea Prevalence in Every Admission Study) was a 

prospective cohort study. Unselected adult surgical patients at Barnes Jewish Hospital were 

prospectively enrolled between February 2006 and April 2010. All patients completed 

preoperative OSA screening and those who were at risk for OSA according to a combination of 

the Berlin and Flemons screening tools received targeted postoperative interventions. STOP and 

STOP-BANG scores were also obtained.

Results—Overall, the sample included 14,962 patients, of whom 1,939 (12.9%) reported a 

history of OSA. All four screening tools identified a high prevalence of undiagnosed patients at 

risk for OSA (9.5% to 41.6%), but agreement among screens was not strong with Kappa ranging 

from 0.225 to 0.611. There was no significant difference in 30 day postoperative mortality 

between patients with possible OSA (based on their history or on a positive OSA screen with any 

of the four instruments) and the rest of the surgical population. Significant differences in one-year 

mortality were noted between the low and high-risk groups as identified by the Flemons’ (4.96% 

versus 6.91%; p <0.0001), STOP (5.28% versus 7.57%; p <0.0001) and STOP-BANG (4.13% 

versus 7.45%; p <0.0001) screens. After adjusting for risk factors, none of the OSA screening 

tools independently predicted mortality rate up to one year postoperatively.

Conclusion—Neither a prior diagnosis of OSA, or a positive screen for OSA risk was associated 

with increased 30 day or one year postoperative mortality. It is possible that incorporating OSA 

screening and patient safety measures into routine care mitigated the early postoperative 

complications in this patient cohort. The results of this study highlight uncertainties and research 

priorities for the medical community.

Keywords

obstructive sleep apnea; perioperative screening; perioperative mortality; OSA screening tools; 
STOP-BANG; STOP; Berlin; Flemons

OSA is associated with cardiovascular manifestations such as hypertension [1], heart failure 

[2], stroke [3, 4], coronary artery disease [5], atrial fibrillation [6], and deep venous 

thrombosis [7]. It is also associated with sleepiness-related motor vehicle accidents [8]. 

Recent reports also demonstrate a high prevalence of chronic renal disease in patients with 

severe OSA without hypertension or diabetes [9, 10]. Furthermore, OSA has been associated 

with increased all-cause mortality [6]. Apart from the concerns relating to OSA itself, the 

frequent comorbidities associated with this condition are important considerations for all 

health care providers caring for patients with OSA [11].

There is a growing body of evidence suggesting that OSA may be an independent risk factor 

for perioperative morbidity. Patients with diagnosed OSA have an increased incidence of 

postoperative oxygen desaturation [12], cardiac ischemia, hemodynamic instability and 

arrhythmias [13]. Furthermore, there are specific concerns that people with OSA might have 

increased sensitivity to the respiratory depressant effects of opioid analgesics, general 

anesthetics and sedative medications [13, 14, 15]. Patients with OSA have been estimated to 
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have twice the rate of hospitalization in the three years before OSA is diagnosed [16]. A 

recent investigation at Barnes-Jewish Hospital located in St. Louis Missouri found that an 

estimated 22% of adults presenting for inpatient surgery screened as high risk for OSA. 

Three quarters of these patients had not previously been diagnosed with OSA [17]. 

Therefore, the addition of a sleep apnea risk assessment to other screens commonly 

performed upon hospital admission might be an appropriate public health initiative.

Many OSA screening tools have been utilized in surgical patients, including the STOP [18] 

STOP-BANG [18, 19], and ASA Checklist [20], have been validated in this population 

against apneahypopnea index values from in-laboratory polysomnography. The Flemons 

[17] Berlin [20, 21], and the Epworth Sleepiness Scale have also been used in this 

population [22]. As a whole, these screening tools are easy to use and vary in length, focus, 

and method of scoring. Presently, there is no convincing evidence to suggesting that any of 

these screening tools is superior at identifying patients at risk for perioperative morbidity or 

mortality. Because of the hypothesized potential for increased perioperative complications 

and treatment costs [23] associated with undiagnosed OSA, the American Society of 

Anesthesiologists (ASA) recommends preoperative evaluation for OSA prior to surgery 

[23]. The ASA further recommends that specific perioperative safety measures be 

implemented for patients with probable OSA.

In accordance with these ASA guidelines, routine preoperative screening for OSA was 

implemented and perioperative precautions were introduced at Barnes-Jewish Hospital for 

patients who screened as high risk. This initiative was followed by the B-J APNEAS 

(Barnes-Jewish Apnea Prevalence in Every Admission Study) investigation which was 

designed as a prospective cohort study to test the hypothesis that a either a prior diagnosis of 

OSA, or a positive screen for OSA would be associated with increased risk for early or 

intermediate postoperative morbidity and mortality from all causes. The primary purpose of 

this investigation was to compare the prognostic performance of the Berlin, Flemons, STOP 

(loud Snoring, daytime Tiredness, Observed apneas and high blood Pressure), and STOP-

BANG (STOP plus Body mass index >35 kg/m2, Age >50, Neck circumference >40 cm, 

male Gender) screening tools for sleep apnea among the B-J APNEAS patient population. 

The study also examined the association of the performance of these four screening tools 

with key risk factors for postoperative morbidity and mortality. Specifically, we asked 

whether screening positive on any of the four OSA screening tools was independently 

associated with an increased mortality rate up to one year post-operatively.

1. Materials and Methods

Study Population

Unselected adult surgical patients at Barnes Jewish Hospital between Feb 2006 and Apr 

2010 who underwent preoperative OSA screening were prospectively enrolled. The Human 

Research Protection Office at Washington University School of Medicine (St. Louis, MO) 

approved the study. Because screening for OSA and the perioperative safety interventions 

were adopted as standard of care quality improvement initiatives, informed consent was not 

required. Obstetric patients and those under the age of 18 were excluded.
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Protocol and Design

Patients were asked to fill out the OSA Risk evaluation form (Appendix 1) during pre-

operative assessment. Licensed healthcare professionals completed the form by scoring it, 

measuring neck circumference, and assigning the patient to an OSA risk category. The 

evaluation form comprises three sections and assesses the presence of nighttime symptoms 

(section 1), daytime symptoms (section 2), and comorbidities such as hypertension, heart 

disease, and diabetes (section 3). For the purposes of clinical management, patients were 

deemed to be at high risk for OSA if they screened positive on a combination of the Berlin 

questionnaire and the Flemons’ Index, which are both well established clinical screening 

tools for OSA. Data were also prospectively collected on all patients allowing for scoring on 

the STOP (loud Snoring, daytime Tiredness, Observed apneas and high blood Pressure) and 

STOP-BANG (STOP plus Body mass index >35 kg/m2, Age >50, Neck circumference >40 

cm, male Gender) screening tools [18, 20]. The screening form became a part of the medical 

record and patients who either screened high risk or reported a prior diagnosis of OSA 

received additional targeted interventions. These interventions consisted of an “OSA RISK” 

alert bracelet, an “OSA RISK” sign affixed to the patient’s bed, elevation at the head of the 

bed, and continuous pulse oximetry with an alarm at the central nursing station (Appendix 

2). There are also options for additional postoperative monitoring, use of oxygen on the 

post-surgical unit, and use of home CPAP or BiPAP devices while in the hospital.

Mortality Data

All-cause mortality data were obtained from the Social Security Administration’s Death 

Master File (SSA DMF) by using a third party application (“Blinds” by CareEvolution, Inc, 

Ann Arbor, Michigan). Several reports have validated online versions of the SSA DMF for 

clinical research purposes [24, 25]. This service returns the date of death using an algorithm 

that incorporates Social Security Number, patient name, date of birth, and last date the 

patient was known to be alive. For the date known to be alive, the date of surgery was used 

in this study. The generation and handling of SSA DMF data was in compliance with the 

Health Insurance Portability and Accountability Act (HIPAA) and stringent efforts were 

undertaken to ensure the protection of all patient information.

Data Collection

Data for this investigation were entered into an Access™ (Microsoft Corporation, Redmond, 

WA) database. The needed information was obtained from preoperative, intraoperative, and 

postoperative records. The Barnes-Jewish Hospital Information Technology Section 

provided data on postoperative complications and intensive care admissions. Beginning in 

May 2009, electronic preoperative and intraoperative data were acquired from the anesthesia 

information management system (MetaVision MVOR, iMDsoft, Tel-Aviv, Israel).

Data Preparation and Statistical Analyses

All data were prepared and analyzed using SAS® proprietary software (SAS version 9.2, 

SAS Institute NC, USA). Commonly used risk factors for morbidity and mortality found in 

the literature were analyzed in this study, including patient’s gender, age, race, body mass 

index (BMI), physical status as defined by the ASA index, co-morbid conditions at intake 
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(e.g., whether the patient had experienced hypertension, diabetes, coronary disease, 

arrhythmias, COPD, stroke, or congestive heart failure), and other risk behaviors such a 

lifetime smoking and alcohol consumption.

Continuous variables (i.e., age, BMI, and ASA index) were categorized to have an easier 

interpretation of the data and/or to reduce the influence of the few univariate outliers found 

in the data on the investigated associations. Specifically, age was categorized into three 

categories (Younger 18 to 44 years old, Old 45 to 65, and Older 65 and older) based on the 

interquartile range of the age distribution. The BMI score, simply defined as a ratio of 

weight to height (kg/m2), was categorized into four categories using standard clinical 

cutpoints corresponding to the World Health Organization (WHO) classification of the 

degree of obesity (Underweight <18.5 kg/m2, Normal weight =18.5 to 24.9 kg/m2, 

Overweight =25.0 to 29.9 kg/m2, and Obese ≥ 30 kg/m2). The ASA score was grouped into 

three categories to reflect the severity of the patient’s health condition (Normal healthy 

patient =1, healthy patient with emergencies or with mild systemic disease =1E to 2, and 

patient with other status, including severe systemic disease to not expected to survive ≥ 2E).

Descriptive statistics are presented as frequency and percentage for categorical variables and 

mean ± standard deviation for continuous variables. T-test and chi-square proportional test 

were used for between group comparisons, as appropriate. To examine the agreement among 

the OSA screening tools under investigation, four commonly used measures of concordance 

were calculated. These included the positive, negative and overall agreement as well as 

Cohen’s kappa as a general agreement measure. The predictive performances of the four 

OSA screening tools for 30 days and one-year all-cause mortality were also investigated 

using chi-square tests for significance. Kaplan-Meier graphs with log rank tests were used to 

investigate the bivariate associations between OSA risk on different OSA screens and 

intermediate (i.e., one year post-surgery) survival. Multivariate Cox proportional hazards 

regression was applied to model the rate of mortality over one year post-surgery, with the 

ultimate goal of assessing the effect of being screened positive across the four OSA 

screening tools, adjusting for patient’s preoperative characteristics as well as medical 

conditions. Performance of each screening tool was assessed in terms of the estimated 

hazard (or risk) of patient’s death, using chi-square proportional tests. All statistical tests 

were two tail-sided and only p values <0.05 were considered significant.

Logistic and linear regressions with backward elimination were performed to evaluate the 

relative contributions of high-risk scores on the various OSA screens toward hospital length 

of stay and postoperative intensive care unit (ICU) admission (versus post-anesthesia care 

unit [PACU]). Covariates included gender, age, BMI, American Society of 

Anesthesiologists Physical Status score, history of OSA, high risk categorization from 

Berlin, STOP, Flemons, and STOP-BANG screens, comorbidities, and risk behaviors. Age, 

BMI, and ASA score were categorized to account for the potential bimodal association of 

adverse outcomes with each predictor. Comorbidities included history of diabetes, 

hypertension, arrhythmias, coronary artery disease, cerebrovascular accident, congestive 

heart failure, and chronic obstructive pulmonary disease. Risk behaviors included a history 

of smoking or alcohol consumption.
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2. Results

Table 1 shows patient demographics and other health related information for the overall 

sample and by OSA risk status as defined by the four investigated screening tools. Overall, 

the sample included 14,962 patients. The mean age of the sample was 54.9 ± 15.7 years, the 

mean BMI was 30.4 ± 7.8 kg/m2, and 54.9% of the sample was female. The majority of 

patients were either white, n=11928 (80.2%) or African American, n=2599 (17.4%). By all 

indicators, comorbidities were prevalent among these patients. The most prevalent condition 

was hypertension (48.6%) and the least common was congestive heart failure (3.1%). 

Twenty six percent of the sample had two or more comorbid conditions. Although not 

shown in Table 1, the largest surgical groups among these patients were scheduled for 

orthopedic surgery (n= 3154, 21.1%), general/colorectal surgery (n=1731, 11.6%), urologic 

surgery (n=1597, 10.7%), gynecologic surgery (n=1367, 9.1%), otolaryngologic surgery 

(n=1239, 8.2%), cardiothoracic surgery (n=953, 6.4%), neurosurgery (n=903, 6.1%), 

ophthalmologic surgery (n=866, 5.8%), plastic surgery 834 (5.6%), and vascular surgery 

(n=471, 3.1%). Information on surgical services was missing for 97 patients. There were 

12,321 general anesthetics (82.3%), 1,572 (10.4%) monitored anesthesia care (sedation 

only) cases, 761 (5%) spinal/epidural anesthetics, and 167 (1.1%) other types of regional 

anesthesia cases. Documentation on anesthetic technique was missing for 127 patients 

(0.8%).

There was a high prevalence of OSA in the sample with 1,939 (12.9%) patients reporting a 

history of diagnosed OSA. In addition, the Berlin questionnaire identified 3,601 (24.1%) as 

high risk, STOP identified 2,496 (16.7%) as high risk, STOP-BANG identified 6,226 

(41.6%) as high risk, and the Flemons’ Index identified 3,753 (25.1%) as intermediate and 

1,418 (9.5%) as high risk for OSA.

As detailed also in Table 1, patients in the high-risk categories, identified by any of the four 

OSA screening tools, tended to be compared to those who screened at low-risk for OSA, 

predominantly male, older, had a higher BMI, and more severe health status with higher 

prevalence of hypertension, diabetes, coronary artery disease, arrhythmias, chronic 

obstructive pulmonary disease, and congestive heart failure, as well as a more extensive 

smoking history. All of these risk factor differences were highly significant (p <0.01) 

contrasting the groups of OSA risk status within each screener. Compared to one another, 

the four screener profiles did not differ significantly in terms of the demographics and health 

information of patients who were identified as high risk for OSA. Comparisons across the 

four OSA screening tools were also examined in terms of raw (positive, negative, and 

overall) agreements to convey their relative performance accuracy and Kappa statistics to 

expresses the extent of their concordance beyond what chance alone would predict. 

Conventional use of this statistic suggests a kappa exceeding 0.75 indicates excellent 

agreement, between 0.40 and 0.75 indicates moderate to good agreement, and lower than 

0.40 indicates poor agreement.35 Table 2 shows that the levels of raw agreement were 

reasonably high, but the level of positive agreement was always lower than negative 

agreement for any combination of any two screening tools. On the other hand, the overall 

agreement revealed that the Berlin and STOP had the highest concordance (82.8%) followed 

by STOP-BANG and Flemons’ index (80.7%). The lowest overall agreement was between 
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STOP and the Flemons’ index (65.5%). Moreover, the kappa values ranged from a low of 

0.225 for the agreement between the STOP and the Flemons’ index to a high of only 0.611 

between STOP-BANG and Flemons, indicating moderate to good agreement between these 

two screening tools.

Postoperative morbidity

We compared the likelihood of going directly to an ICU postoperatively as opposed the 

PACU. Overall, 4.7% (696 of 14747) of patients were transferred directly to the ICU 

postoperatively. Having a history of OSA (6.3%, p<0.001) or a high risk score on the STOP 

(5.57%, p=0.004) and STOP-BANG (5.2%, p < 0.001) assessments was significantly 

associated with ICU admission. Non-adjusted odds ratios of going to ICU as opposed to the 

PACU with 95% confidence intervals were 1.439 [1.175 – 1.761] for patients with a history 

of OSA, 1.182 [0.986 – 1.416] for Berlin, 1.339 [1.100 – 1.631] for STOP, 1.409 [1.190 – 

1.667] for STOPBANG, and 1.150 [0.884 – 1.495] for the Flemons high-risk group.

Backward logistic regression analysis using the aforementioned factors found that ASA 

status > 2E (p<0.001), history of congestive heart failure (p<0.001), Caucasian race (p < 

0.001), male (p<0.001), history of coronary artery disease (p < 0.001), BMI > 25 (p=0.006), 

and history of alcohol consumption (p = 0.010) were predictive of increased postoperative 

ICU admission, while history of OSA (p = 0.003), and high risk scores on the STOP-BANG 

(p= 0.001), and Flemons’ index (p=0.041) were associated with decreased ICU admission. 

The c-statistic is equivalent to the area under a receiver operator curve, where one signifies a 

perfect model and 0.5 is random chance. The c-statistic of this model was 0.771.

Information on hospital length of stay was only available for 4,846 patients; there were no 

significant univariate differences based on OSA history or risk score. Backward linear 

regression analysis using the same predetermined factors found that male (p<0.001), older 

than 65 years (p=0.037), with ASA >2E (p<0.001), or ASA 1E – 2 (p=0.007), and BMI < 18 

kg/m2 (p=0.001), as well as having a history of CHF (p<0.001), COPD (p<0.001), or 

arrhythmias (p=0.003), and tobacco smoking (p=0.003) were predictive of longer hospital 

stay, while being Caucasian (p=0.028) with a history of OSA (p<0.001), or scoring high on 

Flemons (p = 0.008) or STOP-BANG screeners (p=0.006) were associated with shorter 

hospital stay.

Patients with a history of OSA stayed longer in the ICU postoperatively (3.1 ± 4.8 days 

versus 2.4 ± 4.3 days), but no statistical differences were found between risk groups of the 

various screens. There were significant differences in PACU length of stay, however. 

Patients with history of OSA had an average stay of 134.3 ± 78.9 minutes, versus 128.4 ± 

73.1 minutes for those without a history of OSA; Berlin high risk had an average of 133.3 ± 

73.2 minutes, versus 126.5 ± 72.9 minutes in the low risk group; STOP high risk had an 

average of 136.9 ± 75.0 minutes, versus 126.4 ± 72.5 minutes in the low risk group; STOP-

BANG high risk had an average of 132.6 ± 73.4 minutes, versus 124.7 ± 72.6 minutes in the 

low risk group (p<0.001), and Flemons’ high risk patients stayed an average of 132.9 ± 70.7 

minutes, versus 127.8 ± 73.7 minutes in the intermediate and low risk groups. While these 

were statistically significant (p≤0.024) differences, the small absolute differences may have 

minimal clinical importance in terms of their overall prognostic value for practitioners.
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Mortality

The 30 day mortality rate was 0.64%, the one year mortality rate was 5.78%, and the two 

year mortality rate was 7.77%. Kaplan-Meier survival analyses with log rank tests for each 

OSA screening tool are shown in Figures 1 – 4. Table 3 shows the predictive performance of 

the OSA screening tools for 30 day and one year mortality between patients as grouped by 

their screening scores. The results revealed no significant differences in 30 day mortality for 

each of the four screening tools. Significant differences in one year mortality were noted 

between the low and high-risk groups as identified by the Flemons’ (4.96% versus 6.91%; p 

<0.0001), STOP (5.28% versus 7.57%; p <0.0001) and STOP-BANG (4.13% versus 7.45%; 

p <0.0001) screens. There were no differences in mortality predictions between the Berlin 

screener groups. Additionally, comparisons of the incidence of mortality among patients 

who had versus those who did not have a history of OSA showed no significant difference in 

30 day and one year mortality in this population.

The estimated hazards ratios from the multivariate Cox regression model were intended to 

evaluate the independent risk for postoperative mortality of each of the four OSA screening 

tool results, while controlling for previously established perioperative risk factors. None of 

the four investigated OSA screening tools was independently predictive of mortality rate up 

to one year postoperatively in this population. (Table 4)

3. Discussion

This study of unselected adult surgical patients support previous reported findings that there 

is a high prevalence of undiagnosed OSA among patients presenting for surgery at Barnes 

Jewish Hospital [17], which is likely to be reflective of similar populations in the United 

States. Interestingly, 13% of patients presented with a prior diagnosis of OSA, suggesting 

that awareness in the medical community and the general public about OSA may be 

increasing. Depending on which screening tool is used in patients without a known 

diagnosis of OSA, the percent identified as being at high risk for OSA varied considerably; 

10% screened high risk with the Flemons’ index whereas, 42% screened high risk with the 

STOP-BANG assessment. All four screening tools demonstrated a moderately high overall 

percentage agreement, though they had higher concordance with each other identifying 

negative OSA cases than reporting positive ones. When adjusting for possible agreement by 

chance, only the STOP-BANG screener and the Flemons’ Index remained in fair agreement 

with each other. Despite their differences in prediction, the four screening tools agreed with 

one another on specific patient characteristics suggestive of sleep-disordered breathing 

associated with OSA. The most consistent characteristics common to patients who screened 

high risk for OSA with the four screens were male sex, older age, overweight, and comorbid 

conditions.

There is emerging evidence that OSA is a risk factor for perioperative morbidity [26]. The 

current study hypothesized that this morbidity would translate into higher 30 day 

postoperative mortality. A possible explanation for the lack of evidence supporting this 

hypothesis, is that the structured quality improvement interventions, which were 

implemented for patients with known OSA or who screened positive on the hospital OSA 

screen, might have prevented some postoperative complications and deaths. Notably, 
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patients who screened at high risk for having OSA on the Flemons’, STOP, and STOP-

BANG screens had increased cumulative one year mortality, as did those with a history of 

OSA. This was not true for the Berlin questionnaire. Whether the association between 

surgery and one year postoperative mortality is causal or coincidental (i.e., people with OSA 

have increased intermediate term mortality regardless of whether or not they undergo 

surgery) cannot be determined from this study.

Patients with either a history of OSA or a high risk score on the STOP and STOP-BANG 

assessments were more likely to be admitted to the ICU postoperatively. We do not have 

information about scheduled versus unanticipated ICU admissions, and it is possible that 

patients with OSA were selected preoperatively for ICU admission based either on their 

OSA risk or diagnosis, or on the basis of comorbidities. On its own this finding cannot be 

taken as an indication that postoperative complications were increased in patients with OSA. 

However, this finding could be consistent with studies that have suggested that patients with 

OSA have higher rates of postoperative pulmonary [12, 27], cardiac [13, 28], and neurologic 

[29] complications.

Patients with known OSA had shorter hospital stays and did not have the significant 

differences in one year mortality that was seen with high versus low risk by screening 

criteria. We do not have information about percentage of patients treated with or compliance 

with CPAP at home which would be an important consideration. There are many reported 

benefits of therapy with CPAP including positive effects on arterial stiffness [30] reduction 

of inflammatory mediators associated with OSA [31], reductions in systolic blood pressure 

and improved left ventricular systolic function [32, 33, 34], and reduced the risk of death 

and hospitalization among patients with HF and OSA [35]. While these are interesting 

findings, we cannot yet suggest that treatment of OSA is responsible for these observed 

shorter hospital stays and similarities one year mortality between those with and without 

history of OSA. The role of CPAP therapy in reducing perioperative morbidity and mortality 

in patients with OSA remains unclear.

The ASA issued guidelines in relation to the perioperative management of patients with 

known or suspected OSA [23]. These guidelines were disseminated with the goal of 

reducing adverse outcomes associated with OSA and improving perioperative care. In 

addition to the ASA, several authors have recommended routine preoperative screening for 

OSA. Adesanya et al. reviewed evidence that perioperative adverse events are associated 

with OSA, provided an algorithm, and suggested strategies for preoperative, intraoperative 

and postoperative care [11]. The Berlin questionnaire [36], ASA checklist [23], STOP 

screen and STOP-Bang screen [18] have all been studied in the perioperative setting. 

Flemons’ Index [37] has been shown to be useful for identifying patients at risk for oxygen 

desaturation after PACU discharge [38]. In general, there is paucity of evidence about which 

OSA screen should be used for adult patients, and even the evidence for routine screening is 

not compelling. This controversy is reflected in the diversity of approaches that have 

previously been adopted, and is reinforced by the current study that shows strikingly 

different results with various screens and no convincing association between OSA and 

postoperative complications. Interestingly, although the STOP and STOP-BANG screening 

tools had very similar predictive performances of one-year mortality, the STOP-BANG was 
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the only screening tool in this study that showed OSA risk was directly associated with 

certain perioperative complications as well as intermediate postoperative morbidity and 

mortality. This study finding supports the concept that the additional risk factors (BMI > 35, 

age >50, neck circumference >40cm, and being a male) of OSA increase the specificity of 

the STOP-BANG screening tool [36].

There are several important limitations to this study. Information on cancer status was not 

included, and could be a potential confounder of mortality outcomes. Furthermore, patients 

were not stratified according to surgical risk and those with a history of OSA included those 

who self-reported a prior diagnosis. While many of these patients were diagnosed via 

polysomnography, these results were not confirmed. Another potential confounding factor 

relates to our targeted perioperative care of at-risk patients. All patients with either a history 

of OSA or with a positive hospital screen for OSA received a structured quality 

improvement intervention. Without a control group of high-risk patients that did not receive 

the intervention, it is difficult to determine the extent that this intervention might have 

prevented postoperative morbidity and mortality.

The B-J APNEAS trial was a large prospective cohort study that examined relationships 

among OSA screens, patient characteristics, and postoperative morbidity and mortality. The 

results of this study highlight important uncertainties and research priorities for the medical 

community. First, it is necessary to clarify whether OSA is indeed independently associated 

with increased perioperative morbidity and mortality. Second, it is essential to investigate 

which method of screening for OSA preoperatively is both practical and effective. Third, it 

is important to discover whether targeted or universal utilization of quality improvement 

initiatives should be implemented to mitigate the hypothesized perioperative risks associated 

with OSA.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan-Meier estimates of mortality based on the risk of OSA as measured by the Berlin 

Screen
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Figure 2. 
Kaplan-Meier estimates of mortality based on the risk of OSA as measured by the STOP 

Screen

Lockhart et al. Page 14

Sleep Med. Author manuscript; available in PMC 2015 September 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Kaplan-Meier estimates of mortality based on the risk of OSA as measured by the STOP-

BANG Screen
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Figure 4. 
Kaplan-Meier estimates of mortality based on the risk of OSA as measured by the Flemons’ 

Index
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Table 2

Measures of agreement among OSA screeners in a sample of surgical patients (N = 14,962)

OSA Screeners
Positive Agreement

(95% CI)
Negative Agreement

(95% CI)
Overall Agreement

(95% CI)
Kappa

(95% CI)

Berlin vs. STOP 63.2% (61.76% – 64.59%) 88.7% (88.28% – 89.21%) 82.8% (82.11% – 83.41%) .524 (.507 – .541)

Berlin vs. STOP-BANG 56.4% (55.22% – 57.57%) 73.6% (72.82% – 74.34%) 67.1% (66.29% – 67.90%) .329 (.314 – .344)

Berlin vs. Flemons 54.1% (52.82% – 55.36%) 75.9% (75.17% – 76.62%) 68.4% (67.58% – 69.20%) .313 (.297 – .330)

STOP vs. STOP-BANG 53.6% (52.32% – 54.86%) 76.6% (75.93% – 77.33%) 68.9% (68.12% – 69.71%) .361 (.348 – .374)

STOP vs. Flemons 42.8% (41.36% – 44.15%) 75.3% (74.61% – 76.04%) 65.5% (64.69% – 66.35%) .225 (.209 – .241)

STOP-BANG vs. Flemons 78.4% (77.55% – 79.23%) 82.5% (81.82% – 83.19%) 80.7% (79.98% – 81.36%) .611 (.597 – .625)
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Table 3

Predictive performances of OSA screeners among surgical patients (N = 14,962)

OSA Screeners
30-Day Mortality

n(%) p-Value
One-Year Mortality

n(%) p-Value

Berlin

  -Low Risk 57(0.60%) 525(5.57%)

  -High Risk 21(0.58%) NS 220(6.11%) NS

STOP

  -Low Risk 58(0.55%) 556(5.28%)

  -High Risk 20(0.80%) NS 189(7.57%) < 0.0001

STOP-BANG

  Low Risk 33(0.49%) 281(4.13%)

  -High Risk 45(0.72%) NS 464(7.45%) < 0.0001

Flemons

  -Low Risk 37(0.50%) 368(4.96%)

  -Intermediate Risk 30(0.80%) 241(6.42%)

  -High Risk 7(.49%) NS 98(6.91%) < 0.0001

Actual Incidence

  -History of OSA 18(0.93%) 120(6.19%)

  -No History of OSA 78(0.60%) NS 745(5.72%) NS

  -Overall 96(0.64%) 865(5.78%)
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