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Background: The STOP-Bang questionnaire is a simple screening tool with high sensitivity
for the detection of severe obstructive sleep apnea. Predicting airway obstruction would al-
low the safe management of sedative patients to prevent intraoperative hypoxia. This study
was designed to check the correlation between the STOP-Bang score and oxygen saturation
(Sp0,) during sedation and confirm the availability of the STOP-Bang questionnaire as a pre-
operative exam for predicting the incidence of hypoxia in sedative patient management.

Methods: This study included 56 patients who received spinal anesthesia. The pre-anesthe-
sia evaluation was conducted using the STOP-Bang questionnaire. The patients were under
spinal anesthesia with an average block level of T10. Dexmedetomidine was infused with a
loading dose of 1 ug/kg over 10 min and a maintenance dose of 0.5 pg/kg/h until the end
of the procedure. The SpO, of the patients was recorded every 5 min.
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Results: The STOP-Bang score was negatively correlated with the lowest SpO, (coefficient =
-0.774, 95% confidence interval [Cl]: -0.855 to -0.649, standard error [SE] = 0.054, P <
0.001). The item of “observed apnea” was the most correlated one with hypoxic events
(odds ratio = 6.00, 95% Cl: 1.086 to 33.145).

Conclusions: The STOP-Bang score was significantly correlated with the lowest SpO, during
spinal anesthesia, which enabled the prediction of meaningful hypoxia before it occurred in
the sedated patients.
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INTRODUCTION

For regional anesthesia, sedation is widely used for patient
comfort and is required in several places in the hospital as
well as in the operating room [1]. Dexmedetomidine has a
lesser effect on the respiratory system than other sedative
drugs such as propofol or benzodiazepines, especially for
short-term sedation such as for drug-induced sleep endos-

copy [2,3]. However, studies have shown that central sleep
apnea does not occur, but obstructive sleep apnea (OSA)
may worsen [4]. Of the complications related to sedation,
airway obstruction can cause hypoventilation and hypoxia
[5]. If hypoxia persists during surgery, stable sedation will
be impossible, and the patient may wake up during the pro-
cedure, which may cause an interruption or necessitate un-
intended discontinuation [6].
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In this regard, OSA is the most common sleep disorder,
mainly due to upper respiratory tract obstruction with a
prevalence of 10% in men and 3% in women aged between
30 and 49 years, and approximately 17% of men and 9% of
women aged between 50 and 70 years. The incidence of hy-
poxemia in patients at risk for OSA is high [7]. Likewise, the
incidence of difficult mask ventilation or difficult intubation
is high [8]. Polysomnography, the standard method for di-
agnosing OSA, is not time- and cost-effective to apply to all
patients for preoperative risk evaluation of OSA.

The STOP-Bang questionnaire uses only eight items to
calculate the risk of OSA. The eight items include the pa-
tient’s body mass index (BMI, gender , age, neck circumfer-
ence, hypertension under treatment, daily drowsiness,
snoring, and apnea during sleep [9,10]. It does not require
such a long time, and patients feel more comfortable with
it. Although it seems simple compared with other screening
tools, its sensitivity is sufficiently high to be reliable in clini-
cal fields [11]. Therefore, the STOP-Bang questionnaire,
which has the advantages of simple questions and high
sensitivity over other OSA screening tools [12,13], was used
for this study to identify patients at high-risk of hypoxemia
before sedation.

The authors hypothesized that the STOP-Bang score
would be correlated with the incidence of hypoxic events
during sedation in patients undergoing spinal anesthesia.
The STOP-Bang score can be used to predict the degree of
desaturation in sedated patients.

The primary outcome of the study was to check the cor-
relation between the STOP-Bang score and oxygen satura-
tion during dexmedetomidine sedation. Additional at-
tempts were made to determine the cut-off value of the
STOP-Bang score that can predict hypoxia during sedation
and the items with the highest diagnostic values.

MATERIALS AND METHODS
Study sample

This study was approved by the Institutional Review
Board (no. KUGH 2019-11-032). Preoperative screening of
orthopedic and urological patients who underwent seda-
tion with dexmedetomidine after spinal anesthesia was
performed. The exclusion criteria were as follows: Ameri-
can Society of Anesthesiologists physical status class of > 3,
lateral decubitus or prone positioning during surgery, prob-
lems of the upper respiratory tract, history of severe asthma
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or chronic obstructive lung disease, refusal of intraoperative
sedation, or sensory block higher than T5. Patients with
American Society of Anesthesiologists physical status class
3 due to a high BMI value of > 40 kg/m* without any other
underlying diseases were included for consideration of the
purpose of the study. Written informed consent was ob-
tained from all the patients.

The STOP-Bang score of the patient was confirmed
through pre-anesthesia evaluation. The STOP-Bang ques-
tionnaire consists of four questions and four clinical charac-
teristics. The STOP-Bang score ranged from 0 to 8 points
based on eight items (Supplementary Figs. 1, 2; S = Snoring;
T = Tiredness; O = Observed apnea; P = Being treated for
high blood pressure; B = BMI over 35 kg/m* A = age over 50
years; N = neck circumference over 43 cm in males and 41
cm in females; G = gender of males). Patients were classified
based on the STOP-Bang questionnaire scores into three
groups: the high-risk, intermediate-risk, and low-risk of OSA
groups (low-risk group, 0-2 points; intermediate-risk group,
3-4 points; high-risk group, 5-8 points or 2-4 points of STOP
questions with at least one of B, N, and G). The official STOP-
Bang questionnaire format was used in the design of the
study; however, to be considerate of patients, an official Ko-
rean translation version was used when surveying the pa-
tients. Both forms were provided at www.STOPBANG.ca by
Chungetal. [13].

Spinal anesthesia and patient sedation

The patients were placed in the right or left lateral posi-
tion for spinal anesthesia while monitoring their noninva-
sive blood pressure, electrocardiogram, and pulse satura-
tion. After disinfection of the skin with povidone-iodine
solution, a 25-gauge spinal needle was used in a median
approach between the 3rd and 4th or the 4th and 5th lum-
bar spinous process while checking the free flow of cerebro-
spinal fluid, and a heavy bupivacaine 10-12 mg was inject-
ed. Immediately after the removal of the spinal needle, the
patient was placed in the supine position and waited for ap-
proximately 10 minutes to check the sensory block height
using the pinprick test. Dexmedetomidine was used for pa-
tient sedation during the surgery with a loading dose of 1
pg/kg for 10 min followed by a maintenance dose at a rate
not exceeding 0.5 pg/kg/h until the end of the surgery.
During dexmedetomidine sedation, vital signs, including
SpO,, were measured and recorded at 5-min intervals.
End-tidal capnography was used to confirm the apnea
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during sedation. The oxygen mask was applied immediate-
ly to the patient when the SpO, during sedation decreased
to 92% and lasted more than 30 s or rapidly decreased to
90% or less. In such cases, maintenance dose adjustment
and adequate stimulation to wake up the patient were pro-
vided, if necessary. Rescue steps, such as jaw thrust or man-
ual ventilation, were planned as needed.

Statistical analysis

According to a previous study by Oshita et al. [14] and the
pilot data from our center, we assumed that the correlation
between the STOP-Bang score and the lowest SpO, was 0.4
in calculating sample size. Assuming an attrition rate of
10%, a sample size of 51 patients were determined to be an
adequate sample size to aim for 80% power and 5% type-1
€rTor.

All statistical analyses were performed using IBM SPSS
version 20.0 (IBM Co., USA). The correlation between the
lowest SpO, and the STOP-Bang scores, age, and BMI were
analyzed using simple linear regression and multiple linear
regression analysis. The receiver operating characteristic
(ROC) curve and the area under the curve (AUC) values
were calculated to determine the diagnostic usefulness of
hypoxic events and the cut-off value of the STOP-Bang
score, age, and BMI. The Mann-Whitney U test and the chi-
square test were used to compare the age and BMI of the
hypoxic and non-hypoxic groups. The correlations between
the individual items of the STOP-Bang questionnaire and
the hypoxic events were also analyzed with odds ratios and
95% confidence intervals (CI). Two-sided P values of < 0.05
represented statistical significance.

RESULTS

From February 2020 to May 2020, 60 patients were en-
rolled in the present study. Four patients dropped out due
to conversion from spinal anesthesia to general anesthesia
(Fig. 1). The patient characteristics, level of spinal block, se-
dation time, and the STOP-Bang questionnaire composition
ratio are summarized in Table 1.

A negative correlation (coefficient = -0.774, 95% CI: -0.855
to -0.649, standard error [SE] = 0.054, P < 0.001) between
the STOP-Bang score and the lowest SpO, value was ob-
served (Table 2). In addition to the STOP-Bang score, age
and BMI, which are expected to be associated with hypoxia
during sedation, were also evaluated using Spearman cor-
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Patient screening (n = 85)

Excluded by:

Lateral decubitus position (n = 15)
Declined to participate (n = 8)
History of asthma (n = 2)

A 4

A 4

Enrollment (n = 60)

Excluded by:
"| Conversion to general anesthesia (n = 4)

4

Patients enrolled (n = 56)

Fig. 1. Flowchart for patient enroliment.

Table 1. Demographic Characteristics of Participants (n = 56)

Factor Value

Age (yr) 64.0 + 14.8
Gender

Male 34 (60.7)

Female 22 (39.3)
Height (cm) 163.0 £ 9.8
Weight (kg) 62.5 + 12,5
Body mass index (kg/m?) 240 + 4.1
STOP-Bang score

0 0(0.0)

1 8 (14.3)

2 14 (25.0)

3 19 (33.9)

4 9 (16.1)

5 6(10.7)

6 0(0.0)

7 0 (0.0)

8 0(0.0)
STOP-Bang score

Snoring 25 (44.6)

Tired 4(7.1)

Observed 21 (37.5)

Pressure 27 (48.2)

Gender 34 (60.7)

Age > 50 47 (83.9)

BMI > 35 0(0)

Neck size 1(1.8)
The level of spinal block T10 + 2
Sedation time (min) 60.0 + 49.1

Values are expressed as mean + SD or number (%).
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relation analysis. Compared with the STOP-Bang score, BMI
was weakly correlated with the lowest SpO, (coefficient =
-0.288, 95% CI: -0.518 to -0.013, SE = 0.142, P = 0.031) and
age had no correlation with the lowest SpO, (coefficients =
-0.201, 95% CI: - 0.418 to 0.032, SE = 0.114, P = 0.137). Scat-
ter plots of the lowest oxygen saturation during sedation and
the STOP-Bang score, age, and BMI are shown in Fig. 2.

The ROC analysis of the STOP-Bang score, age, and BMI
was performed to determine their usefulness in predicting
hypoxic events during sedation. Unlike age and BMI, only
the STOP-Bang score was statistically significant (AUC =
0.943, 95% CI: 0.884 to 1.000, P < 0.001) as a diagnostic tool
for hypoxia. The cut-off value of the STOP-Bang score was 4.

Among 8 items of the STOP-Bang questionnaire, 6 items
of STOP were analyzed using odds ratio, and the item of “ob-
served apnea” turned out to be the most correlated one with
hypoxic events (Table 3). None of the patients had a BMI of
> 35 kg/m”. Only one patient was included in the neck cir-

cumference section. Therefore, a statistical analysis of both
items was not possible.

Oxygen masks were immediately applied to eight pa-
tients due to intraoperative SpO, of < 92% lasting for more
than 30 s or a sudden decrease in saturation to less than 90%
(Table 4). In addition, three patients showed mild brady-
cardia and were administered glycopyrrolate. After glyco-
pyrrolate injection and a reduction in the dexmedetomi-
dine maintenance dose, the heart rate recovered.

DISCUSSION

Respiratory depression is a common problem associated
with sedation. Dexmedetomidine, a selective a, adrenergic
receptor agonist, has sedative and analgesic properties. Its
sedation is similar to that of natural sleep; therefore, it is
known to cause less respiratory depression [15]. However,
the advantage of being similar to natural sleep implies that
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Fig. 2. Scatter plots of lowest oxygen saturation during sedation and various patient factors. The results are shown for (A) STOP-Bang score (B)

Age (C) Body mass index. BMI: body mass index.

Table 2. Spearman Correlation Analysis of Lowest SpO, and STOP-Bang Score, Age, and BMI

ltems Coefficient 95% Cl for B SE P value
STOP-Bang score -0.774 -0.855 to -0.649 0.054 < 0.001
Age -0.201 -0.418 10 0.032 0.117 0.137
BMI -0.288 -0.518 to -0.013 0.142 0.031
CI: confidence interval, SE: standard error of coefficient B, BMI: body mass index.
Table 3. Odds Ratios of STOP-Bang Questionnaire ltems

Questionnaire Odds ratio P value 95% ClI
Snoring 1.471 < 0.001* 1.124 10 1.924
Tired 0.846 0.406 0.754 t0 0.950
Observed 6.000 0.025* 1.086 to0 33.145
Pressure 1.444 0.001* 1.118 to 1.866
Age 1.205 0.188 1.059 to 1.372
Gender 2.143 0.381 0.391t0 11.731

Cl: confidence interval. *P value < 0.05.
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Table 4. Patients Who Experienced Hypoxic Events (n = 8)

Case no. Age (yr) Gender BMI (kg/m?) STOP-Bang score Risk Lowest SpO, (%)

6 64 M 22,1 5 High 81
12 81 M 24.5 5 High 88
22 70 M 27.2 5 High 88
23 64 F 223 4 Intermediate 86
35 71 M 25.0 5 High 88
46 67 M 30.1 4 High 88
47 62 F 22.8 5 High 85
55 64 M 29.7 4 High 84

Values are expressed as numbers.

the incidence rate of OSA is high, as reported by Shin et al.
[16]. OSA has a causal relationship with hypoxia during se-
dation, and severe hypoxia may be associated with increased
mortality and morbidity [6]. Predicting those who are more
likely to experience hypoxia will help us prepare for hypoxia
during sedation.

The Berlin questionnaire, the STOP-Bang questionnaire,
and the Epworth sleepiness scale are widely used as OSA
screening tools. Among them, the STOP-Bang questionnaire
is relatively accurate with high sensitivity and can be used
for the early diagnosis of OSA, even in an environment
where polysomnography is difficult to perform [17]. In addi-
tion, the STOP-Bang questionnaire uses only eight items to
calculate the risk of OSA. The eight items include BMI, gen-
der, age, neck circumference, hypertension under treatment,
daily drowsiness, snoring, and apnea during sleep [9,10].
Therefore, the STOP-Bang score was selected as an index
correlated with SpO, in relation to hypoxia during sedation,
since all items can be easily confirmed in advance with pre-
operative anesthesia evaluation without additional monitor-
ing devices.

As a result, the STOP-Bang score and the lowest SpO,
showed a negative correlation (coefficient = -0.774, 95% CI:
-0.855 to -0.649, SE = 0.054, P < 0.001). Although there were
age and BMI items in the STOP-Bang questionnaire, weak
interactions were observed between oxygen saturation and
actual age or BMI. The reason for this low correlation is
thought to be the binary classification of these items, such as
age of 50 years or older and BMI above 35 kg/m”.

Hypoxic events occurred in eight patients, hypoxia was re-
solved in two patients by supplying oxygen through a simple
mask, but the other 6 patients resolved hypoxia through jaw
thrust or manual ventilation. In 4 of these cases, the dexme-
detomidine infusion rate was adjusted to half. This result is
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Fig. 3. Receiver operating characteristic curves and area under
the curve (AUC) for STOP-Bang score, age, and body mass index
(BMI).

thought to have been influenced by their relatively high ages.
The mean age of the hypoxic event group (69.5 + 6.6) was
higher than that of the group without events (59.8 * 15.3).
ROC analysis was performed to check whether the STOP-
Bang score is valid as a diagnostic tool for predicting hypoxia
(Fig. 3). Consequently, the STOP-Bang score showed a stron-
ger association with hypoxic events than the age and BMI of
the patients. The cut-off value of the STOP-Bang score for pre-
dicting hypoxic events was 4 points. Previous studies by
Chung et al. [13] showed a cut-off value of 3 points for the
STOP-Bang score. This may be a result of the differences in
the average BMI and the average neck circumference, proba-
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bly due to the nationality of the patient sample. The item “B”
did not apply to any patient, and item “N” applied to only one
patient. In this study, the cut-off value of the BMI was 27. Ac-
cording to the Asia-Pacific obesity diagnosis standards, obesi-
ty is defined as a BMI of > 25, and high obesity is defined as a
BMI of > 30. It seems that the standard points for BMI and
neck circumference for the STOP-Bang questionnaire are
quite high for most Korean patients. This is considered the
reason for the maximum STOP-Bang score of 5 in this study.

In the odds ratio analysis for 8 individual items, the “Snor-
ing” “Observed,” and “Pressure” items were statistically sig-
nificant. In particular, the “Observed” item showed a very
high odds ratio of 6.0, compared with those of the other two
items, which were nearly 1.4. Although it usually refers to
observation by non-medical personnel, this result is consis-
tent with the intuition that the “Observed’ item is highly cor-
related with OSA, and similar reports have been made in
studies such as Neves Junior et al. [18].

The limitation of this study was that the oxygen mask with
airway adjustments was immediately applied for patient
safety when the SpO, decreased to 92% and lasted more than
30 s or rapidly decreased to less than 90%. Therefore, it was
not possible to accurately evaluate the reduction in SpO, in
the high-risk group. In addition, since there is a part in
which the patients answer the questions themselves, it is dif-
ficult to calculate the correct score if there is an incorrect an-
swer from the patient, whether intended or not.

The duration for the lowest SpO, was not directly collect-
ed, and the times of occurrence could not be analyzed. The
5-min interval recording system did not reflect the satura-
tion in real-time, and it was impossible to collect retrospec-
tive data. However, according to the author’s experience,
most cases of hypoxia occurred nearly immediately after the
loading dose was fully administered. There may be bias due
to oxygen supply, and further research is needed.

In conclusion, we confirmed that the STOP-Bang was cor-
related with SpO, in patients undergoing dexmedetomidine
sedation in this study. This study proposes the use of the
STOP-Bang score for preoperative evaluation and sedation
management. The addition of the “observed” item for the
pre-anesthesia evaluation may also be helpful.

SUPPLEMENTARY MATERIALS

Supplementary data including a STOP-Bang questionnaire
can be found online at https://doi.org/10.17085/apm.21011.
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