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Abstract:  
Objective: To determine whether postoperative hypoxemia could be predicted using information readily available 
to the clinician by STOP-BANG questionnaire, statistical significance of each of the STOP-BANG criterion for 
predicting post-operative hypoxemia. 
Methodology: The study included 300 patients undergoing general anaesthesia for elective surgeries. All 8 
components of STOP-BANG were recorded pre operatively. Post-operatively Spo2, PR, BP, RR, Temperature 
monitored post-operatively for upto 48 hours. Hypoxia was considered as a drop in spo2 4% below the baseline 
value. P-value <0.05 was considered as statistically significant. 
Results: Of the 300 patients, 99 patients had at least one recording of spo2 below 4% of their baseline value. 
Whereas, 201 patients have maintained their spo2 values above baseline. In this study each of the STOP-BANG 
criteria were analyzed separately of which Snoring (P=0.004), Blood pressure (P<0.001), BMI (P=0.004), Age 
(P<0.001), and Neck circumference (P<0.001) were statistically significant in predicting postoperative hypoxemia. 
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Introduction 
Postoperative hypoxemia is recognized as a significant 
problem [1]. Postoperative cohort studies suggest that oxygen 
desaturation is common and often severe and prolonged [2]. 
Many factors are associated with postoperative desaturation 
including the type of surgery, duration of surgery, type of 
anaesthesia, obesity, pre-existing pulmonary compromise 
and obstructive sleep apnea [3]. General anaesthesia 
especially in combination with opioids, may contribute to a 
decreased response to apnea after surgery leading to higher 
rates of hypoxemia [4]. 
STOP-BANG questionnaire is an eight point dichotomized 
scale used to screen post-operative patients for obstructive 
sleep apnea. Questionnaire can be easily administered with 
questions starting with the acronym STOP-BANG and is 
scored based on Yes/No answers (score = 1/0), thus the 
scores range from a value of 0 to 8. A score ≥ 3 has shown a 
high sensitivity for detecting OSA (93%). 
In this study we have tested if STOP-BANG score will help in 

detecting patients at risk of post-operative hypoxemia. At 
risk of hypoxemia is considered as a drop in spo2 below 4% 
of baseline preoperative reading. Statistical significance of 
each of the STOP-BANG criterion for predicting post-
operative hypoxemia has been evaluated. 
 
Materials and Methods 
This study, a prospective, cohort study was conducted at the 
hospital of Gitam institute of medical sciences and research, 
Visakhapatnam. The institutional ethics committee has 
reviewed and approved the study. Oral and written informed 
consent were obtained from all the patients.  
 
Inclusion criteria 
Patients between the age of 21 and 60 posted for elective 
surgeries under general anaesthesia. 
 
Exclusion criteria 
Patients refusal, Age below 21 and above 60, emergency 
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surgeries and pregnant women. 
 
Procedures and Intervention 
A total of 300 patients undergoing elective surgeries under 
general anaesthesia were enrolled in the study. Patients 
morphometric characteristics were recorded in our pre 
anaesthetic clinical evaluation. We recorded all eight 
components of the STOP-BANG score pre operatively. SpO2 
at room air was noted for every patient pre operatively. Post-
operative events of respiratory failure, ARDS, need for re-
intubation was recorded.Spo2, PR, BP, RR, Temperature 
were monitored post-operatively for up to 48 hours. Hypoxia 
considered as drop in spo2 below 4% of the baseline 
preoperative value. 
 
Results 
 

Table 1: Type of Surgery 
 

Variable Category 

Hypoxaemia 
Total 

Absent Present 

Count % Count % Count % 

 
 
 
 

Type of 
Surgery 

ENT 37 18.3% 20 20.0% 57 18.9% 

General/Open 24 12.0% 7 7.1% 31 10.4% 

Laparoscopy 88 43.7% 44 44.3% 132 43.9% 

OBG 1 0.7% 0 0.0% 1 0.5% 

OMFS 21 10.6% 4 4.3% 25 8.5% 

Orthopaedics 11 5.6% 6 5.7% 17 5.7% 

Spine Surgery 13 6.3% 14 14.3% 27 9.0% 

Urology/Open 6 2.8% 4 4.3% 10 3.3% 

Total 201 100.0% 99 100.0% 300 100.0% 

P=0.19 

 
Type of surgery did not show any statistical significance in 
predicting postoperative hypoxemia. 
 

Table 2: Total Score (STOP-BANG) 
 

Variable Category 

Hypoxaemia 
Total 

Absent Present 

Count % Count % Count % 

Total Score 

0 86 43.0% 24 24.3% 110 36.8% 

1 88 43.7% 27 27.1% 115 38.2% 

2 17 8.5% 25 25.7% 42 14.2% 

3 6 2.8% 13 12.9% 18 6.1% 

4 3 1.4% 8 8.6% 11 3.8% 

5 1 0.7% 0 0.0% 1 0.5% 

6 0 0.0% 1 1.4% 1 0.5% 

Total 201 100.0% 99 100.0% 300 100.0% 

P<0.001 

 
STOP-BANG score has statistically significant value in 
predicting postoperative hypoxemia. The significance of 
which increases with increasing scores.Snoring criteria was 
statistically significant in predicting postoperative hypoxemia 
with p value 0.004.Tired criteria was not statistically 
significant in predicting postoperative hypoxemia with p 
value 0.61Observed criteria have not been favourable for any 
of the three hundred patients.Patients with hypertension 
have shown statistical significance in predicting 

postoperative hypoxemia with p value <0.001.Body mass 
index (>35 Kg/m2) showed statistically significant value in 
predicting postoperative hypoxemia with p value 0.004.Age 
(>50 years) was statistically significant in predicting 
postoperative hypoxemia with p value <0.001.Neck 
circumference >40 cm2 was statistically significant in 
predicting postoperative hypoxemia with p value 
<0.001.Male gender was not statistically significant in 
predicting postoperative hypoxemia with p value 0.27. 

 
Table 3: Postoperative Adverse Events 

 

Variable Category 

Hypoxaemia 
Total 

Absent Present 

Count % Count % Count % 

ARDS No 201 100.0% 99 100.0% 300 100.0% 

Total 201 100.0% 99 100.0% 300 100.0% 

 

Variable Category 

Hypoxaemia 
Total 

Absent Present 

Count % Count % Count % 

Respiratory 
Failure 

No 201 100.0% 99 100.0% 300 100.0% 

Total 201 100.0% 99 100.0% 300 100.0% 

 

Variable Category 

Hypoxaemia 
Total 

Absent Present 

Count % Count % Count % 

Re 
Intubation 

No 201 100.0% 99 100.0% 300 100.0% 

Total 201 100.0% 99 100.0% 300 100.0% 

 
Postoperative adverse events - ARDS, Respiratory failure or 
Re-intubation, were not seen postoperatively in any of the 
patients who participated in this study. 
 

Table 4: Sensitivity and Specificity of STOP-BANG Score 
 

Total Score 
Hypoxaemia 

Total 
Present Absent 

≥1 
80 122 202.0 

80.81% 60.7% 67.3% 

0 
19 79 98.0 

19.19% 39.3% 32.7% 

Total 
99 201 300.0 

100.0% 100.00% 100% 

 

Statistic Value 95% CI 

Sensitivity 80.81% 71.66% to 88.03% 

Specificity 39.30 % 32.51% to 46.42% 

Positive Predictive Value 39.60% (*) 36.15% to 43.17% 

Negative Predictive Value 80.61 % (*) 72.83% to 86.58% 

Accuracy 53.00% (*) 47.18% to 58.76% 

 
In this study, STOP-BANG score of ≥ 1 has a sensitivity of 
80.81% with 95% confidence interval 71.66% to 88.03% in 
predicting postoperative hypoxemia, whereas its specificity is 
39.30% with confidence interval 32.51% to 46.42%.STOP-
BANG score ≥ 1 has a positive predictive value of 39.60% 
with confidence interval 36.15% to 43.17% for postoperative 
hypoxemia and negative predictive value of 80.61% with 
confidence interval 72.83% to 86.58%.Accuracy value is 
53.00% with confidence interval 47.18% to 58.76%. 
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Discussion 
Oxygen is essential for life as a source of energy. It’s lack not 
only stops the machine, but also wrecks the machinery – 
Haldane, 1847. 
Hypoxemia is defined as inadequate tissue oxygenation due 
to either inadequate blood flow or low arterial oxygen 
content. Hypoxemia is one of the most feared critical events 
during anaesthesia and the recovery period [5]. Post-
operative hypoxemia is caused by inadequate airway patency 
or ventilation control because of residual effects of 
anaesthetics and or neuromuscular blockers and inadequate 
ventilation/perfusion ratio caused mainly by atelectatic 
zones in lung dependant regions [6]. During anaesthesia 
shunting can develop due to areas of atelectasis, it is this 
atelectasis that is believed to be a cause of postoperative 
hypoxia [7]. 
The ventilatory responses to hypercapnia and hypoxia are 
significantly impaired even at low doses of anaesthetic drugs 
[8]. Respiratory muscle function changes immediately after 
induction, airway obstruction may occur, there is increased 
curvature of spine, cephalad displacement of diaphragm in 
dependant areas, a reduced cross sectional area of the chest 
wall. These changes in end expiratory muscle tone occurs 
irrespective of whether the patient receives a neuromuscular 
blocking drug and lead to a reduction of functional residual 
capacity (FRC) of 15-20% compared with the patients awake, 
supine volume [9]. 
Studies conducted comparing STOP-BANG scores to post-
operative hypoxemia are limited, especially in Indian clinical 
settings. The studies so far have mostly compared STOP-
BANG scores efficacy in predicting OSA or STOP-BANG scores 
association with postoperative complications – ICU 
admissions, cardiac complications and respiratory 
complications. 
This study aimed to determine whether postoperative 
hypoxemia could be predicted using information readily 
available to the clinician via STOP-BANG questionnaire. 
STOP-BANG criteria along with morphometric data was 
recorded preoperatively. Drop in spo2 values to below 4% of 
the baseline value was considered as significant. Patient was 
provided with supplemental oxygen via face mask at 5L/min 
until spO2 returned to the baseline value. 
In this study three hundred patients of either gender with 
age between 21 and 60 posted for elective surgery under 
general anaesthesia were included. Of the 300, 99 patients 
(33%) had at least one recording of spo2 below 4% of their 
baseline value. Whereas, 201 patients (67%) maintained 
their spo2 values above baseline. Of the 99 patients who 
desaturated postoperatively 24.3% had a STOP-BANG score 
of zero. 
As the STOP-BANG score increased it showed statistically 
significant value in predicting hypoxemia (P<0.001). In a 
study done by Liao et al [10], they showed an increased 
incidence of postoperative complications in OSA patients, 
most common of which was desaturation. However, 
according to a study done by Khanna et al [11] their result did 
not support a positive association between STOP-BANG 
scores and post-operative hypoxemia. Increased age was 
associated with increased incidence of post-operative 
hypoxemia, (p<0.001). Oliveira Filho et al [6] in their study 
showed positive correlation between age > 55 years and 
post-operative hypoxemia. Gender did not show any 

statistically significant value in predicting post-operative 
hypoxemia, (p=0.2). Type of surgery did not show any 
statistically significant value in predicting postoperative 
hypoxemia, confirming with the study conducted by Oliveir 
Filho et al [6]. In this study each of the STOP-BANG criteria 
were analyzed separately of which Snoring (p=0.004), Blood 
pressure (p<0.001), BMI (p=0.004), Age (p<0.001), Neck 
circumference (P<0.001) were statistically significant in 
predicting post-operative hypoxemia. Importance of the 
criteria Observed and Tired could not be commented upon 
because of the limited number of cases positive for this 
criterion; Zero for Observed, three for Tired. Postoperative 
adverse events - ARDS, respiratory failure or re-intubation 
was not observed in any of the 300 cases in this study. Chia 
et al [12] showed direct association of preoperative STOP-
BANG scores with postoperative ICU admissions however, no 
adverse events or ICU admissions were recorded during this 
study. Mean age of patients who were observed to have 
postoperative desaturation was 44.80 ± 11.33 and it was 
statistically significant (P<0.001) when compared to those 
who maintained normal postoperative SpO2 values, their 
mean age was 35.33 ± 10.89.Patients in whom postoperative 
hypoxemia was observed had a mean BMI of 27.72 ± 4.43 
when compared to those in whom postoperative 
desaturation was not observed, 25.30 ± 2.87. It was 
statistically significant. (P<0.001)Patients in the 
postoperative hypoxemic group had a mean neck 
circumference of 38.08 ± 2.42 and in patients with no 
episodes of desaturation, they had a mean of 36.59 ± 2.20, 
and it was statistically significant. (P<0.001)Patients 
saturations improved with time and at 48 hours mean 
saturation values were 98.97 ± 1.47. This stands in 
contradiction to the study conducted by Khanna et al [11], 
SpO2 values decreased as postoperative time increased, 
irrespective of STOP- BANG scores. However, it confirms to 
the study done by Getahun Dendir Wolde et al. [13] where 
hypoxemia occurred within the first minutes (23.8%), five 
minutes (24.8%), 10 minutes (18.9%). Frequency of 
hypoxemia was highest in the first 10 minutes and decreased 
as time increased. 
 
Limitations 

• Stop Bang Criteria: Extrapolating data from Western 
population and implementing them in the Asian 
populations may not be possible as there are differences 
in genetic and anatomical factors. The cut off point for 
obesity based on body mass index (BMI) criterion for 
Western population is 30 kg/m2 meanwhile the BMI for 
Asian population is 25 kg/m2 according to a WHO 
study.14According to study conducted by John Ming-Ren 
Loh et al.15 the STOP-BANG cut-off value for neck 
circumference for screening for sleep apnea in Asian 
males can be maintained at 40 cm, but the neck 
circumference value used for screening Asian females 
should be lowered to 35 cm. 

• Continuous SpO2 monitoring is more helpful in observing 
and recording desaturation than intermittent recording. 

• No common or standardized method or technique was 
employed for conducting general anaesthesia. 

 
Conclusion 
STOP-BANG score is predictive of hypoxemia but ultimately 
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given the current cutoff values of BMI and neck 
circumference there is a chance of under diagnosis. 
Hypoxemia was seen most commonly in the immediate 1 
hour following surgery. Age, BMI, Neck circumference, 
Mallampati grading seem to have a positive association. 
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