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Introduction: Obstructive sleep apnea (OSA) is a sleep disorder associated with 

snoring, morning drowsiness, and hypoxemia, leading to an increased risk of 

difficult airway management. Polysomnography (PSG) is the gold standard for 

diagnosing OSA, but its high cost and limited accessibility necessitate 

alternative screening methods, such as the STOP-BANG questionnaire. 

Objective: This study aimed to evaluate the relationship between STOP-BANG 

scores and difficult airway conditions in surgical patients. Methods: A cross-

sectional study was conducted at H. Adam Malik Hospital involving 110 

surgical patients. Demographic and clinical data, including body mass index 

(BMI) and neck circumference, were collected. STOP-Bang scores were 

assessed preoperatively, and difficult airway conditions were documented. 

Results: The average BMI of the participants was 25.03 ± 2.62 kg/m², and the 

mean neck circumference was 27.83 ± 3.91 cm. A total of 81 patients reported a 

history of hypertension, a comorbidity frequently associated with OSA. 

Statistical analysis indicated that higher STOP-BANG scores were significantly 

correlated with a greater incidence of difficult airway conditions (p = 0.015). 

Conclusions: This study demonstrates that the STOP-BANG questionnaire has 

potential as a practical and accessible predictive tool for identifying patients at 

risk of difficult airway management related to OSA.  
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1. Introduction 

The conditions wherein a physician, deemed proficient in airway management, encounters challenges while 

addressing airway management (ventilation, intubation, or both) in a particular condition or patient are 

referred to as a difficult airway event [1]. Difficulty in intubation occurs in 1-6.2% of patients undergoing 

general anaesthesia [2]. Several studies describe more than 90% of difficult airway events being 

unanticipated and dangerous events, such as CICV (cannot intubate and cannot ventilate), which is estimated 

at 0.01% - 0.07% of the total difficult airway events [3]. The phrase "CICV," also commonly referred to as 

"CICO" (Cannot Intubate, Cannot Oxygenate), characterizes a clinical scenario in which attempts to perform 

tracheal intubation, utilize a facemask, or employ a supraglottic airway device (SAD) are unsuccessful [4]. 

This condition causes the patient to use oxygen faster than the amount of oxygen obtained, and results in 
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increased risk of hypoxia and brain injury, cardiac arrest, and even death. The CICO scenario is infrequent 

but carries a significant risk of morbidity and mortality, particularly when there is a delay in identifying it 

and/or administering appropriate interventions such as cricothyroidectomy [5]. 

A meta-analysis study reveals that the risk of airway difficulty is three to four times higher in patients 

with obstructive sleep apnea (OSA) [6]. OSA is the most common sleep-disordered breathing condition 

encountered in patients, with up to 60% of surgical patients remaining undetected for this condition. Patients 

previously undiagnosed with OSA are found to exhibit moderate to severe levels of OSA during preoperative 

assessments [7]. Polysomnography (PSG) is considered the gold standard for identifying OSA [8]. A 

limitation of PSG is the "first night effect," wherein individuals who typically sleep normally may experience 

insomnia or some degree of sleep disturbance when initially sleeping in an unfamiliar laboratory 

environment. Another drawback is the considerable expense and time involved in PSG [9]. 

Due to the high cost and limited accessibility of PSG examinations, alternative screening methods have 

been developed to aid in the diagnosis of OSA, such as the use of questionnaires. One of the most commonly 

used is the STOP-BANG questionnaire [8]. Researchers have also investigated the STOP-BANG 

questionnaire, drawing from multiple studies indicating a correlation between the degree of OSA risk as 

assessed by the STOP-BANG questionnaire and difficulties encountered during intubation [10]. Pivetta et al. 

have also conducted research on this questionnaire, examining its effectiveness across diverse patient 

demographics and demonstrating statistically significant sensitivity [11]. Additional research findings 

support the notion that the STOP-BANG questionnaire can effectively predict the likelihood of difficult 

mask-valve (DMV) scenarios [12]. Some studies have identified a correlation between STOP-BANG scores 

and prolonged stays in the Post Anaesthesia Care Unit (PACU), particularly in comparison to patients with 

either no or low STOP-BANG scores [13]. 

Given the simplicity of administration, the straightforwardness of the tools required, and the 

demonstrated sensitivity in previous research, the researcher is intrigued by the prospect of evaluating the 

efficacy of the STOP-BANG criteria as a predictor of difficult airway in surgical patients at H. Adam Malik 

General Hospital in Medan. 

 

2. Methods  

This research is an analytical study with a cross-sectional design using a questionnaire approach to determine 

the relationship between the use of the STOP-BANG criteria in diagnosing OSA in surgical patients and 

being a predictor of difficult airway conditions.  The study was conducted in accordance with the 2013 

revised Declaration of Helsinki guidelines. The research was carried out after the issuance of an ethical 

clearance from the Faculty of Medicine, University of North Sumatra, with the issued number 1073. The 

research was conducted in H. Adam Malik General Hospital, Medan. Informed consent was obtained from 

all study participants. 

All eligible participants were male patients aged 18–65 years with an American Society of 

Anesthesiologists (ASA) physical status classification of I–III and scheduled to undergo surgery under 

general anesthesia with endotracheal tube intubation (GA-ETT). This restriction was applied because OSA 

and difficult airway conditions are more prevalent in men, and the STOP-BANG questionnaire was 

originally validated predominantly in male populations. Additionally, sex-related anatomical and hormonal 

differences could introduce confounding factors in airway assessment. Limiting the sample to male patients, 

therefore, enhanced internal validity and ensured a more homogeneous study cohort. Patients scheduled for 

ear, nose, and throat (ENT) surgeries or interventions related to the airway, never diagnosed with OSA, 

exposed to different anaesthesia protocols, and those whose surgeries were canceled, were not included in 

the study group. 

The STOP-BANG criteria are a screening tool used to assess the likelihood of OSA in individuals. It 

consists of eight questions, with each letter representing a specific aspect of OSA risk: snoring, tiredness, 

observed apneas, pressure, body mass index (BMI), age, neck circumference, and male gender. Each 

question is scored with either 0 or 1 point, and the total score ranges from 0 to 8. Higher scores indicate a 

higher likelihood of having OSA.[11] Difficult ventilation is defined as inadequate ventilation delivery 

(confirmed by end-tidal carbon dioxide detection) due to the following issues: inadequate mask seal, gas 

leakage, or airway collapse [14]. Difficult ventilation was assessed by “mask seal, obesity, age, no teeth, and 

stiffness (MOANS)” criteria [15]. Meanwhile, difficult intubation was defined according to the American 

Society of Anesthesiologists (ASA) Difficult Airway Guidelines as failure to achieve successful tracheal 

intubation with direct or video laryngoscopy after multiple attempts by an experienced provider, 

necessitating alternative airway techniques [16]. 
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The sample size of 110 was determined using the formula for calculating sample size for correlation 

tests, with a significance level (alpha) set at 0.05. After obtaining consent, interviews and data collection 

from patients were conducted by a standardized research team, including standardized protocol 

measurements of height, weight, and neck circumference to complete the STOP-BANG questionnaire. When 

the patient was undergoing ETT insertion, the scoring and ETT placement were assessed by the researcher 

according to the prepared questionnaire, and the procedure was performed by the research team. Incidence of 

difficulty in ventilation and intubation was then recorded. 

Once the data collection was complete, a thorough check was conducted to ensure its integrity. 

Normally distributed numerical data were presented as mean ± standard deviation (SD), while non-normally 

distributed numerical data were represented by median values (range). Categorical data will be expressed as 

frequencies (percentages). Diagnostic tests, including sensitivity, specificity, likelihood ratios, and predictive 

values, were used to evaluate the STOP-BANG criteria and the occurrence of difficult airway events. The 

STOP-BANG cut-off score was predefined as ≥3, consistent with established recommendations in the 

literature. Hypothesis testing, specifically chi-square analysis, was conducted to examine the association 

between STOP-BANG values and difficult airway occurrences. Statistical analysis was performed utilizing 

SPSS, with statistical significance considered when the p-value was less than 0.05. 

 

3. Results  

Comparative analysis of the STOP-BANG questionnaire for assessing difficult ventilation 

 

Table 1. Comparison of the STOP-BANG questionnaire for assessing difficult ventilation 

STOP-BANG OSA Risk 
Difficult Intubation 

P Value 
Odds 

Ratio 

Likelihood 

Ratio Difficult Not hard 

Risk of Moderate-Severe OSA 11(10%) 21(19,1%) 
0,015 3,56 6,33 

Mild OSA Risk 10(9,1%) 68(61,8%) 

OSA- obstructive sleep apnea 

 

In Table 1, a study examined the relationship between OSA risk factors and the STOP-BANG assessment by 

analyzing their association with ventilation difficulties through a chi-square test in a cross-sectional analysis. 

The chi-square test yielded a p-value of 0.015, signifying a statistically significant association between the 

STOP-BANG questionnaire assessment and the occurrence of ventilation challenges. Additionally, an odds 

ratio (OR) of 3.56 was calculated, indicating that subjects with a moderate to severe rating on the STOP-

BANG questionnaire were 3.56 times more likely to experience ventilation difficulty. Furthermore, the 

likelihood ratio was determined to be 6.33 in this analysis. 

 

Table 2. Diagnostic Test Values of the STOP-BANG Questionnaire on Difficult Intubation 

% Sensitivity Specificity Accuracy PPV NPV 

STOP-BANG OSA Risk 52,3% 76,4% 71,8% 34,3% 87,1% 

OSA- obstructive sleep apnea, PPV- positive predictive value, NPV- negative predictive value 

 

Table 2 elucidates the predictive efficacy of the STOP-BANG questionnaire in assessing the likelihood of 

ventilation difficulties. The study revealed that at H. Adam Malik General Hospital, Medan, the STOP-

BANG questionnaire demonstrated a sensitivity of 52.3%, specificity of 76.4%, and accuracy of 71.8% in 

forecasting the occurrence of ventilation challenges among surgical patients. The positive predictive value 

was determined to be 34.3%, while the negative predictive value stood at 87.1%. 
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In Figure 1, a comparison is made between sensitivity and 1-specificity to assess the predictive value of the 

STOP-BANG questionnaire for predicting the incidence of difficult ventilation. Based on this graph, the 

STOP-BANG questionnaire has an area under the receiver operating characteristic (AUROC) value = 0.644 

with a 95% confidence interval (Table 3). 

 

Table 3. Area under the receiver operating characteristic STOP-BANG questionnaire 

Variable Area P Value 
Confidence Interval 95% 

Lower Upper 

STOP-BANG questionnaire 0,644 0,041 0,506 0,782 

 

 

4. Discussion 

In this research, it was observed that 110 participants had an average body mass index (BMI) of 25.03 ± 2.62 

kg/m2. In a separate investigation by Siregar et al., it was noted that the mean BMI of male patients aged 50 

with hypertension at Haji Adam Malik Hospital in Medan was 25.2 kg/m2 [17]. Soitong et al. conducted a 

study in Thailand involving 435 male participants. Among these men, the average BMI was recorded as 23.8 

± 3.9 kg/m2. Interestingly, when considering individuals with hypertension within this population, the 

average BMI rose to 25.3 ± 4.4 kg/m2 [18]. Manjavong et al. similarly found comparable results, indicating 

an average BMI of 27.5 ± 2.5 kg/m2 among patients diagnosed with metabolic disorders [19]. This study 

revealed that 81 patients (72.3% of the sample) were diagnosed with hypertension; these findings are 

particularly pertinent to several previous studies, notably Siregar et al.'s investigation involving patients 

treated at Haji Adam Malik General Hospital, Medan. In this study, not only were similar BMI values 

observed, but also consistent sample size conditions. However, it was noted that respondents in this study 

exhibited a BMI <30 kg/m2. This observation is attributed to the characteristic lower BMI typically observed 

in the Asian population, diverging by 2-3 kg/m2 compared to Caucasians, as referenced in the STOP-BANG 

questionnaire. While a BMI of 25 kg/m2 falls within the normal range for Caucasians, it is considered 

overweight for Asians, consequently elevating the risk of diseases, including cardiovascular ailments [20]. 

Tham et al., in their study within the Southeast Asian context, including Indonesia, suggested employing 

distinct BMI thresholds for categorization: < 23.0 kg/m2 for normal weight, 23.0 kg/m2 for overweight, and > 

25.0 kg/m2 for obesity [21]. Xia et al.'s study in China supports this notion, indicating that adjusting the BMI 

cutoff on the STOP-BANG questionnaire to 28 kg/m2 could yield improved outcomes [22]. Researchers had 

determined that the assessment of BMI points on the STOP-BANG questionnaire might pose a concern in 

Figure 1. ROC curve for STOP-BANG questionnaire assessment of difficult airway 
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the Asian population, particularly in Southeast Asian countries like Indonesia. It was advised to utilize the 

relevant BMI values accordingly. 

In this investigation, patients exhibited an average neck circumference of 27.83 ± 3.91 cm. 

Discrepancies in neck circumference values within this study are attributed to variations in patient 

characteristics. Typically, individuals with higher BMI tend to have larger neck circumferences, while those 

with lower BMI tend to have smaller ones [18,19]. In a study conducted by Soitong et al. in Thailand, it was 

observed that among 435 male participants, the mean neck circumference was recorded at 34.3 ± 2.4 cm. 

Additionally, the average neck circumference value rose to 35.2 ± 3.2 cm in individuals diagnosed with 

hypertension [18]. Mou et al. discovered that male patients with a larger neck circumference were more 

significantly impacted by OSA [23]. Loh and Toh's research in Singapore determined that among 435 male 

subjects, the mean neck circumference was 38.7 ± 2.6 cm. In cases where the diagnosis of OSA was 

confirmed, the average neck circumference increased to 41.0 ± 4.3 cm [24]. 

In this investigation, subjects with a mean age of 41.56 ± 14.30 years were identified. A study focusing 

on the Indonesian population indicated that within the age bracket of 30 to 69 years, there were 

approximately 114 million individuals. Among them, 18.4% or 21 million people were diagnosed with an 

apnea-hypopnea index (AHI) assessment of less than 5 times, while 6.9% or nearly 8 million people had an 

AHI of more than 15 times [25]. This assertion stems from the resemblance in characteristics between the 

two studies. Nonetheless, when considering research conducted in other nations such as China, a study 

investigating challenging airways, which comprised 1080 samples, revealed that individuals aged between 

60 and 80 years constituted the most frequently represented age group in the study, accounting for 46.2% 

(455 out of 985) [26]. Saoraya et al stated that patients aged 55 years or more had difficulty with 

ventilation/bag-mask ventilation [27]. Slowik et al. and Gottlieb et al. both found that the occurrence of 

difficult airways escalated notably in individuals aged 50 years and above [28,29]. 

This study included 81 patients with a background who exhibited an OSA score exceeding 2. There 

exists substantial literature associating the prevalence of hypertension in adult males with OSA [30,31]. 

Soitong et al.'s research also identified a correlation between the prevalence of hypertension and physical 

examination indicators like neck circumference [18]. In the study, it was observed that 11 (10%) patients 

encountered ventilation challenges according to the moderate-severe OSA risk questionnaire, while 10 

(9.1%) patients faced ventilation difficulties based on the mild OSA risk questionnaire. Singh et al.'s 

investigation indicated that 29 (58%) patients experienced moderate ventilation difficulties, with 10 patients 

experiencing difficult ventilation challenges [10]. In this study, findings revealed that 10 (9.1%) patients 

encountered intubation challenges as indicated by the OSA risk score, with a moderate-severe categorization. 

Additionally, 9 (8.2%) patients were identified as experiencing difficult intubation based on the mild OSA 

risk score. In Dai et al.'s investigation, out of 1080 patients, 44 (8.2%) encountered difficulties with mask 

ventilation, while 21 (2.1%) faced challenges with intubation. The study reported a sensitivity value of 0.71 

(95% CI: 0.47–0.89) and a specificity of 0.79 (95% CI: 0.76–0.81) for intubation difficulty [26]. 

In a systematic review conducted by Detsky et al., which encompassed 33,559 patients, it was found that 

approximately 10% of the sampled patients encountered challenges with intubation [32]. In this study, it was 

discovered that an escalation in the STOP-BANG score was linked to a rise in the incidence of difficult 

airways, with a p-value of 0.015 and an odds ratio of 3.56. Higher STOP-BANG scores were associated with 

3.56-fold higher odds of difficult ventilation compared to mild scores, indicating an increased predicted risk 

but not a causal relationship. 

Higher STOP-BANG scores were associated with 3.56-fold higher odds of difficult ventilation 

compared to mild scores, indicating an increased predicted risk but not a causal relationship. 

Additionally, the risk of moderate-severe OSA based on the STOP-BANG score was 3.48 times higher than 

the risk of facing difficult intubation compared to the mild STOP-BANG score. These findings align with 

previous theories and research indicating a relationship between the STOP-BANG score and difficult airway 

events. For instance, Singh et al. found that a STOP-BANG score ≥ 3 was associated with difficult 

ventilation, while moderate and high STOP-BANG scores were linked to difficult intubation [10]. Similarly, 

Seet et al. reported odds ratios for difficult intubation corresponding to STOP-BANG scores of 3-4 and 5-8 

as 3.0 and 4.4 times, respectively [33]. Mathangi et al.'s research suggested that the STOP-BANG score 

could serve as the sole predictor for ventilation challenges, with an odds ratio of 3.15 [34]. Nagappa et al. 

discovered that individuals with OSA were 3.46 times more likely to experience difficult intubation and 3.39 

times more likely to encounter ventilation challenges [6]. 
In this study, the AUC value for predicting the occurrence of difficult ventilation and intubation was 

0.64, with sensitivity values of 52.3% and 52.6%, and specificities of 76.4% and 75.8%, respectively. 

Dosman et al.'s study, conducted in 2022, revealed that utilizing the STOP-BANG questionnaire with a cut-
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off score of ≥ 3 (indicative of mild OSA) yielded a moderate AUC of 0.61 for detecting OSA within the 

general population [35]. Mou et al. observed AUC values of 0.75, 0.70, and 0.71 in their study, which were 

associated with the prevalence of patients diagnosed with mild, moderate, and severe obstructive sleep apnea 

(OSA), respectively [23]. Herschmann et al. achieved an AUC of 0.7 for the STOP-BANG questionnaire, 

while Pivetta et al. reported an AUC value of 0.76 in their respective studies. This study had a sensitivity of 

52.3%, specificity of 76.4%, and accuracy of 71.8% [11,36]. 

Amra et al.'s research conducted in Iran revealed that the STOP-BANG questionnaire displayed notable 

sensitivity and specificity when compared to the Berlin and ESS questionnaires. Specifically, the sensitivity 

values for the Berlin, STOP-BANG, and ESS questionnaires were 86.42%, 81.46%, and 59%, respectively, 

while the specificity values were 52.94%, 82.35%, and 76.47%, respectively [8]. In Mou et al.'s study, it was 

discovered that individuals with a STOP-BANG score of ≥ 3 demonstrated a lower specificity value, which 

gradually rose as the STOP-BANG score increased to ≥ 5 (from 11.9% to 61.9%). The sensitivity for the 

same score was recorded as 66.7%.[23] Pivetta et al.'s study conducted in a Southeast Asian population 

revealed that when employing the STOP-BANG questionnaire, the results yielded a sensitivity of 81% and a 

specificity of 60% [11]. Furthermore, various other researchers in their independent studies have also 

concluded that the STOP-BANG questionnaire can serve as an effective screening tool for predicting 

difficult airway scenarios, including difficult ventilation, intubation, or both [8,10,11]. The STOP-BANG 

questionnaire was originally designed and developed as a tool to aid in the diagnosis of OSA, particularly in 

settings where patients have limited access to facilities such as polysomnography [37]. Although 

polysomnography is considered the gold standard examination for diagnosing OSA, it also has limitations. 

One such limitation is the "first night effect," where patients may experience altered sleep patterns or 

reduced sleep quality during the initial night of testing, leading to potentially inaccurate results [29]. 

This study acknowledges certain limitations. The subjective nature of difficult ventilation and intubation 

incidence poses challenges, particularly if the individual performing intubation lacks adequate skills or 

experience. However, this concern was mitigated by recruiting volunteers assessed as competent and 

ensuring the availability of appropriate difficult airway equipment to address potential challenges during 

ventilation or intubation. Additionally, difficulties with ventilation and intubation primarily occurred in 

patients with a STOP-BANG score of ≥ 3, along with elevated BMI and/or neck circumference. While 

researchers anticipated these challenges, volunteers may not have been aware of them beforehand. Another 

limitation is the absence of polysomnography or similar facilities, which could serve as a control for patients 

with a STOP-BANG score of ≥ 3. 

While several studies have suggested that the STOP-BANG questionnaire can serve as a useful 

alternative when polysomnography is unavailable, a combined approach utilizing both the STOP-BANG 

questionnaire and polysomnography is advocated for optimal screening and diagnostic accuracy. Researchers 

have suggested that the integration of STOP-BANG and polysomnography could offer a robust screening 

and diagnostic tool for OSA, particularly in predicting difficult airways. 

 

5. Conclusion  

A relationship exists between the STOP-BANG score and difficult airway occurrences. Among the patients, 

32 (28.6%) were identified as at risk for moderate to severe obstructive sleep apnea (OSA) based on the 

STOP-BANG criteria. The sensitivity of the STOP-BANG score in predicting difficult ventilation was 

52.3% and in predicting difficult intubation was 52.6%. Correspondingly, the specificity of the STOP-BANG 

score in predicting difficult ventilation was 76.4% and in predicting difficult intubation was 75.8%. The 

positive predictive value of the STOP-BANG score in predicting difficult ventilation was 34.3% and in 

predicting difficult intubation was 31.2%. Conversely, the negative predictive value of the STOP-BANG 

score in predicting difficult ventilation was 87.1% and in predicting difficult intubation was 88.4%. 
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