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Abstract

BACKGROUND

Sedation is commonly performed for the endoscopic submucosal dissection (ESD)
of early gastric cancer. Severe hypoxemia occasionally occurs due to the
respiratory depression during sedation.

AIM

To establish predictive models for respiratory depression during sedation for
ESD.

METHODS

Thirty-five adult patients undergoing sedation using propofol and pentazocine
for gastric ESDs participated in this prospective observational study.
Preoperatively, a portable sleep monitor and STOP questionnaires, which are the
established screening tools for sleep apnea syndrome, were utilized. Respiration
during sedation was assessed by a standard polysomnography technique
including the pulse oximeter, nasal pressure sensor, nasal thermistor sensor, and
chest and abdominal respiratory motion sensors. The apnea-hypopnea index
(AHI) was obtained using a preoperative portable sleep monitor and
polysomnography during ESD. A predictive model for the AHI during sedation
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was developed using either the preoperative AHI or STOP questionnaire score.

RESULTS

All ESDs were completed successfully and without complications. Seventeen
patients (49%) had a preoperative AHI greater than 5/h. The intraoperative AHI
was significantly greater than the preoperative AHI (12.8 £ 7.6 events/h vs 9.35 £
11.0 events/h, P = 0.049). Among the potential predictive variables, age, body
mass index, STOP questionnaire score, and preoperative AHI were significantly
correlated with AHI during sedation. Multiple linear regression analysis
determined either STOP questionnaire score or preoperative AHI as independent
predictors for intraoperative AHI > 30/h (area under the curve [AUC]: 0.707 and
0.833, respectively) and AHI between 15 and 30/h (AUC: 0.761 and 0.778,
respectively).

CONCLUSION

The cost-effective STOP questionnaire shows performance for predicting
abnormal breathing during sedation for ESD that was equivalent to that of
preoperative portable sleep monitoring.

Key Words: Deep sedation; Respiratory depression; Polysomnography; Endoscopic
submucosal dissection; Sleep apnea syndrome; STOP questionnaire

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Risk factors for sedation during endoscopic submucosal dissection (ESD) have
not been systematically explored. Our study demonstrated that the preoperative portable
sleep monitor and STOP questionnaire scores accurately predict abnormal breathing
during sedation and the cost-effective questionnaire can be clinically used for risk
stratification of respiratory depression during ESD, leading to a safe ESD procedure.

Citation: Aikawa M, Uesato M, Urahama R, Hayano K, Kunii R, Kawasaki Y, Isono S,
Matsubara H. Predictor of respiratory disturbances during gastric endoscopic submucosal
dissection under deep sedation. World J Gastrointest Endosc 2020; 12(10): 378-387
URL: https://www.wjgnet.com/1948-5190/full/v12/i10/378 . htm

DOI: https://dx.doi.org/10.4253/wjge.v12.i10.378

INTRODUCTION

Recently, endoscopic mucosal dissection (ESD) has been widely used to treat early
gastric cancer. ESD is a highly difficult and often lengthy surgical procedurel'l.
Appropriate sedation improves the quality of treatment and increases patient
satisfaction?*l. The levels of sedation are divided into several stages, from minimal to
deep'l. The dangers of respiratory and circulatory system failures increase with
moderate and deep sedation”l. Moreover, the occurrence of sedation-related
complications in gastrointestinal endoscopy can lead to significant morbidity and
occasional mortality in patientsl. Further, the risks can be high especially for
procedures performed outside the operating room, such as the endoscopic
laboratory”. When administering sedatives, careful attention must be paid to the
respiratory status during sedation. Continuous respiratory and oxygen monitoring is
critical, which is clearly stated in the guidelines on gastrointestinal endoscopy!’.
However, the required components of monitoring have not been defined yet.
Additionally, respiratory monitoring often comprises only oxygen administration and
pulse oximetry measurements!'"'”. In our previous study, apnea or hypopnea was not
well detected by the pulse oximeter alone; it was proven that polysomnography (PSG),
which is usually used for sleep apnea diagnosis, was useful for the accurate detection
of abnormal breathing during sedation for ESD!"l. However, the PSG technique is a
laborious and costly procedure to be used as a clinical tool for monitoring during
sedation. Therefore, the preoperative identification of patients at high risk of
intraoperative respiratory depression can help to ensure the optimal environment for
practical sedation.
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Sleep apnea syndrome (SAS) is an independent factor for postoperative respiratory
complications following general anesthesia*'"l. We previously demonstrated the
occurrence of SAS-like respiration disorders during the sedation for ESDs!".

In this study, we examined whether abnormal breathing is more frequent during
sedation than during sleep and aimed to develop a clinically useful prediction model
for abnormal breathing during the sedation for ESD.

MATERIALS AND METHODS

Patients

We performed this prospective observational study after obtaining approval from the
Institutional Ethics Committee (No. 1902-2014; Graduate School of Medicine, Chiba
University, Chiba, Japan). Written informed consent was obtained from each patient.
Inclusion criteria was the adult patient during ESD for early gastric cancer under
propofol sedation with expected < 2 h. Exclusion criteria were patients with severe
heart disease and renal failure, including high aspiration risks and drug allergy to
propofol. In total, 35 patients (24 men and 11 women; mean age, 73.2 years) were
enrolled between 2014 and 2016.

Patient preparation before ESD

Preoperatively, the patients underwent a portable sleep study during natural sleep
and answered the STOP questionnaire. The portable sleep study (PS) was performed
using a portable sleep monitor (PSS, SAS-2100; Nihon Kohden, Tokyo, Japan), which
measures the airflow via a nasal pressure cannula and oxygen saturation (SaO,). PS
data were analyzed using dedicated computer software (QP-021 W; Nihon Kohden).
Apnea and hypopnea were determined by absence of airflow for 10 s or more and
more than 50% decrease of the nasal pressure signal for 10 s or more independently of
SaO, change, respectively. The apnea-hypopnea index (AHI) was determined as the
frequencies of apneas and hypopneas/hour of monitoring period and the AHI
measured by the PS before ESD was considered to be preoperative AHI. The STOP
questionnaire was originally designed to preoperatively screen obstructive sleep apnea
patients using four yes/no questions including habitual snoring, daytime
fatigue/tiredness, observed apnea during sleep, and high blood pressure. The score is
based on the number of “yes” answers and ranges from 0 to 4. When two or more
questions are answered with “yes,” the result is considered positive.

Sedation and polysomnography measurements during ESD

Prior to sedation for the ESD procedure, standard PSG electrodes were attached (PSG-
1100; Nihon Kohden), in addition to routine monitors used during gastrointestinal
endoscopy including those for pulse oximetry, electrocardiogram, and intermittent
blood pressure measurements. Airflow measurements were obtained via a nasal
pressure cannula and oronasal thermistors. Thoraco-abdominal wall motions with
piezo-respiratory effort sensors, SaO,, and snoring monitored by a microphone were
recorded and stored.

Oxygen at the rate of 2 L/min was administered via the nasal cannula while the
patients were on their left side. Propofol (1-2 mg/kg) was carefully administered until
patients lost consciousness and continuously infused at a rate of 1-4 mg/kg per hour
to maintain Ramsey scores of 5-6 (loss of responses to verbal commands and light
tapping on the shoulder, but arousable by painful stimulation)!"’. Pentazocine (7.5 mg)
was intravenously administered for analgesia about every 30 min. Unstable
cardiorespiratory abnormalities detected by patient monitors were used for decision
making regarding the propofol infusion rates and airway maneuvers to restore
breathing.

After the completion of measurements, a certified sleep technician (RK) and
investigators manually analyzed the PSG data with using dedicated computer
software (Polysmith; Nihon Kohden, Tokyo, Japan). We focused on two sensors: Nasal
cannula and oro-nasal thermistor for airflow measurement; and Piezo-respiratory
effort sensors (RIP-chest and/or RIP-abdomen) for thoraco-abdominal wall motion
assessment. Apneic and hypopneic events were systematically classified based on the
presence or absence of thoraco-abdominal respiratory movements and divided into
obstructive and central.
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Statistical analyses

The values are presented as means and standard deviations for continuous data and
numbers of cases and proportions for categorical data. Univariate correlations between
the intraoperative AHI and other variables (STOP questionnaire score, dosage of
propofol, age, sex, and body mass index [BMI]) were performed using Pearson’s
correlation analysis; additionally, the results were presented using coefficients and P
values. Two multiple linear regression analysis models: Model 1, multiple linear
regression analysis explaining the intraoperative AHI (objective variable) with all
potential explanatory variables except for the STOP questionnaire score; model 2,
multiple linear regression analysis explaining the intraoperative AHI (objective
variable) with all explanatory variables except for preoperative AHI. We calculated the
cutoff values for the pre-AHI and STOP questionnaire scores. By setting the threshold
values for intraoperative AHI > 30/h (severe SAS) and AHI > 15 and < 30/h (moderate
SAS), we converted each variable into a binary outcome. We performed logistic
regression analysis using binary data as objective variables and preoperative AHI and
STOP questionnaire scores as exploratory variables, deriving cutoff values for each.
We plotted receiver operating characteristic curves, calculated sensitivities and
specificities, and determined Youden’s Indexes. We calculated areas under the curves
(AUC:s) for preoperative AHI and STOP questionnaire scores to evaluate the predictive
abilities of the cutoff values. We also calculated P values for the difference between the
AUCs. P value < 5% was considered statistically significant. SAS Version 9.4 (SAS
Institute; Cary, NC, United States) was used for all statistical analyses.

RESULTS

The patient background data are shown in Table 1. All procedures were performed
successfully and no patient required treatment discontinuation. The average age of the
patients was 73.2 years (24 men and 11 women). There were 3 patients with mild
respiratory comorbidity, none of which had subjective symptoms. Fourteen patients
(45.1%) were suspected to have SAS (total scores 2 2) using the STOP questionnaire.
Seventeen patients (48.6%) were diagnosed preoperatively with SAS (preoperative
AHI 2 5) with the aid of PS. Among those, 6 patients (35.3%) had moderate SAS
(preoperative AHI > 15 and < 30) and 2 patients (11.8%) had severe SAS (preoperative
AHI 2 30). The mean preoperative AHI was 9.25 + 11.03/h. The average intraoperative
AHI was 12.76 + 7.59/h (central: 3.2 £ 2.8/h, obstructive: 9.6 £ 6.5/h), which was
significantly higher than the preoperative AHI (P = 0.049). The mean intraoperative
AHI in patients with SAS was significantly higher than in those without SAS (SAS-
positive: 16.44 £ 7.99/h, SAS-negative: 9.29 + 5.37/h, P = 0.017) (Table 2).
Intraoperative AHI was significantly elevated by sedation in SAS-negative and mild
SAS patients, but not in moderate and severe SAS patients. Thirty-one patients (88.6%)
had intraoperative AHIs > 5 according to the SAS. Among these, eleven patients
(35.5%) had intraoperative AHIs = 15 and < 30. Additionally, it was observed that
AHIs exceeded 30 in 2 patients (6.5%; not shown in table). Based on these
intraoperative AHI measurements, we attempted to determine the predictors of
respiratory disturbances under sedation.

Single regression analysis was performed with intraoperative AHI as the objective
variable and preoperative AHI, STOP questionnaire score, propofol dose/hour, age,
sex, and BMI as the explanatory variables. A significant association was observed
between the preoperative AHI (P = 0.0068), STOP questionnaire score (P = 0.0375), age
(P = 0.0272), and BMI (P = 0.0299) (Table 3). In the multiple regression analysis, a
significant difference was observed in preoperative AHI (P = 0.0296) when the STOP
questionnaire score was removed from the above variables (Table 4). Age was
included as an influential variable; however, no significant difference was found (P =
0.1240). Similarly, a significant difference was found between the STOP questionnaire
score (P = 0.0069) and age (P = 0.0040) in the multiple regression analysis when
preoperative AHI was excluded from the above variables (Table 5).

Receiver operating characteristic curves were created to evaluate the relationship
between the preoperative screening tests and intraoperative AHI as the outcome.
When the outcome was intraoperative AHI > 15 and < 30 (SAS: Moderate criteria), if a
preoperative AHI of 5.9 was considered as a cutoff, the sensitivity was 76.9%, the
specificity was 68.2%, and the Youden's index was 0.451, which was then defined as
the optimum cutoff. Similarly, if a STOP questionnaire score of 2 was taken as the
cutoff value, the sensitivity was 75%, the specificity was 73.7%, and the Youden's index
was 0.4868 (Figure 1). When the outcome was intraoperative AHI = 30 (SAS: Severe
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Table 1 Patient characteristics and details of endoscopic submucosal dissection

n %
Gender
Male 24 68.6
Female 11 314
Ageinyr 732+10.2
BMI in kg/m> 23.0+3.7
Score of STOP questionnaire
0 6 19.4
1 11 G515
2 9 29
3 4 129
4 1 3.2
Total dose of propofol in mg/h 9.8+3.8
Sedation period in min 107.6 + 44.0

Data are presented as mean # standard deviation unless otherwise indicated. BMI: Body mass index.

Table 2 Relationship between preoperative apnea-hypopnea index and intraoperative apnea-hypopnea index

n (%) Preoperative AHI Intraoperative AHI P value
All patients 35 9.25+11.03 12.76 +7.59 0.049
SAS
Negative 18 (51.4) 2.55 +1.40 9.29+5.37° <0.001
Positive 17 (48.6) 16.34 +12.35 16.44 +7.99 NS
Mild 9 (52.9) 8.41+237 15.21 + 8.08 0.042
Moderate 6 (35.3) 18.55 +3.35 15.58 +7.60 NS
Severe 2 (11.8) 45.40+7.35 24.57 +7.67 NS

Data are presented as mean * standard deviation unless otherwise indicated.

PP = 0.017, SAS negative vs positive. AHI: Apnea-hypopnea index; SAS: Sleep apnea syndrome; NS: Not significant.

JBaishideng®

criteria), if a preoperative AHI of 8.3 was taken as a cutoff value, the sensitivity was
100%, the specificity was 69.7%, and the Youden's index was 0.6970, which was then
defined as the optimum cutoff value. Similarly, if a STOP questionnaire score of 2 was
taken as the cutoff value, the sensitivity was 100%, the specificity was 58.6%, and the
Youden's index was 0.5862 (Figure 2). Moreover, we compared the preoperative AHI
and STOP questionnaire scores as potential preoperative screening tests to determine
which would have a higher diagnostic ability. For intraoperative AHI > 15 and < 30,
the preoperative AHI showed an AUC of 0.778 and the STOP questionnaire score
showed an AUC of 0.761, which were nearly equivalent; however, the difference was
not statistically significant (P = 0.8921) (Figure 1). For intraoperative AHI 2 30, the
preoperative AHI showed an AUC of 0.833, and the STOP questionnaire score showed
an AUC of 0.707. Thus, the estimates of preoperative AHI were higher and the
diagnostic ability was greater; however, these differences were not statistically
significant (P = 0.4450) (Figure 2).

DISCUSSION

The establishment of predictive models for respiratory depression during sedation for
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Table 3 Intraoperative apnea-hypopnea index and single regression analysis of each item

P value R
Preoperative AHI 0.0068 0.2016
Age 0.0272 0.1393
BMI 0.0299 0.1350
STOP questionnaire 0.0375 0.1408
Dose of propofol 0.0783 0.0910
Gender 0.2048 0.0483

AHI: Apnea-hypopnea index; BMI: Body mass index.

Table 4 Multiple regression analysis comparing intraoperative apnea-hypopnea index and each item (excluding STOP questionnaire

score)

Partial regression

Standardized regression coefficient

coefficient

B Standard error B t P value
Intercept 24273 9.215 0 2,63 0.0129
Preoperative AHI 0.252 0.111 0.366 2.28 0.0296
Age -0.189 0.120 -0.254 158 0.1240

AHI: Apnea-hypopnea index.

Table 5 Multiple regression analysis comparing intraoperative apnea-hypopnea index and each item (excluding preoperative apnea-

hypopnea index)

Partial regression

Standardized regression coefficient

coefficient

B Standard error B t P value
Intercept 34.319 8.401 0 4.09 0.0003
STOP questionnaire 3.306 1.134 0.444 2.92 0.0069
Age -0.364 0.116 0477 313 0.0040

JBaishideng®

ESD may increase the safety and comfort of the ESD procedure. In this prospective
observational study, we found that (1) half of the patients undergoing ESD surgery
experienced SAS preoperatively; (2) intraoperative AHI was significantly greater than
the preoperative AHI, although these variables were significantly correlated with each
other; and (3) both preoperative AHI and STOP questionnaire score were independent
predictors of respiratory depression during sedation.

High prevalence of SAS in patients undergoing ESD

In the United States, among patients aged between 30 and 60 years, the prevalence of
SAS is defined as AHI > 5, and the clinical symptoms suggesting SAS are reported to
be noted in 4% of men and 2% of women. Notably, when the asymptomatic patients
are included, the incidence increases up to 24% in men and 9% in woment". This
suggests that several patients undergoing ESD surgery remain undiagnosed. In fact,
we found that about half of the patients were diagnosed with SAS based on
preoperative PS. Obesity and aging are well-known risk factors for SAS and these
were increasingly common in our ESD patients. Accordingly, preoperative SAS
screening should be stressed more such that clinicians can predict and prepare for the
risk of respiratory depression during ESD under sedation.
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Figure 1 Receiver operating characteristic curves. When the intraoperative apnea-hypopnea index (AHI) outcome was < 30 and = 15 (sleep apnea
syndrome: Moderate criteria), if a preoperative AHI of 5.9 is taken as the cutoff value, the sensitivity is 76.9% and the specificity is 68.2%. Similarly, for a STOP
questionnaire score of 2 used as the cutoff value, the sensitivity was 75% and the specificity was 73.7%. Preoperative AHI showed an area under the curve of 0.778
and the STOP questionnaire score showed a nearly equivalent area under the curve of 0.761; the difference was not statistically significant (P = 0.8921). AUC: Area
under the curve.
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Nature and mechanisms of respiratory depression during sedation

Preoperative SAS is an independent risk factor for postoperative respiratory
complications!*"l. However, whether preoperative SAS is a risk factor for hypoxemia
during endoscopic procedures under sedation still remains controversial®*l. PSG is a
standard diagnostic technique for evaluating the presence and severity of SAS. We
previously demonstrated that PSG can detect respiratory disturbances under deep
sedation more accurately and in more detail than pulse oximetry!**J. In this study,
using the same PSG technique, we detected more episodes of respiratory depression
during sedation than during natural sleep, particularly in patients without
preoperative SAS and those with mild preoperative SAS. Notably, the severity of
intraoperative SAS did not differ from the preoperative SAS severity in patients with
preoperative moderate and severe SAS. Additional profound suppression of the upper
airway muscle tone during deep sedation than that during natural sleep might account
for the increased severity of SAS during sedation. The lateral decubitus position
commonly used for gastric ESD procedure, which is known to improve the upper
airway patency and AHI in SAS patients, might have prevented worsening of AHI in
patients with moderate to severe SAS in this study!™. In any case, it is advised to use
adequate respiratory monitoring such as that involving capnogram, thermistor, and
nasal pressure.

Screening of SAS using STOP questionnaire prior to ESD under sedation

Our results indicate that both preoperative portable sleep monitor and STOP
questionnaire are equally effective for predicting the occurrence of respiratory
depression during sedation for gastric ESD. Although portable sleep monitoring is a
simple clinical test that can be performed at the patient’s home, the device for the sleep
study is costly and is not available at all medical facilities where endoscopic surgery is
performed under sedation. In contrast, the STOP questionnaire consists of only four
simple questions and can be used without special devices and laborious setting and
analysis. In the original STOP questionnaire study!"”), two patterns of the questionnaire
(STOP with four questions and STOP-BANG with eight questions) were proposed and
tested. Although STOP-BANG had better predictive performance, it requires
additional measurements of BMI and neck circumference as well as information on age
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Figure 2 Receiver operating characteristic curves. When the intraoperative apnea-hypopnea index (AHI) outcome was = 30 (sleep apnea syndrome:
Severe criteria) and if a preoperative AHI of 8.3 was taken as the cutoff value, the sensitivity was 100% and the specificity was 69.7%. Similarly, for a STOP
questionnaire score of 2 used as the cutoff value, the sensitivity was 100% and the specificity was 58.6%. Preoperative AHI showed an area under the curve of 0.833

and the STOP questionnaire score showed an

area under the curve of 0.707. Preoperative AHI showed higher estimates and the diagnostic ability was greater;

however, the difference was not statistically significant (P = 0.4450). AUC: Area under the curve.

and sex. In an original study testing a general surgery population, the AUCs for
predicting AHI > 15 and AHI 2 30 during natural sleep were 0.722 and 0.769,
respectively, when a STOP questionnaire score of 2 was used as the cutoff value. Using
the same STOP questionnaire score cutoff value, we found that the AUCs for
predicting intraoperative AHI > 15 and AHI > 30 were 0.761 and 0.707, respectively, in
patients undergoing ESD surgery in agreement with the original STOP study.
Accordingly, we consider the STOP questionnaire as a clinically relevant tool for
predicting moderate to severe respiratory depression during sedation for ESD
procedures in contrast to preoperative portable sleep monitoring. However, it should
be noted that the performance of the STOP questionnaire is limited. A positive STOP
questionnaire result may indicate that the patient may have respiratory depression
during sedation, but it does not accurately predict the severity of respiratory
depression. In contrast, a negative STOP questionnaire result may indicate that the
patient would not develop severe respiratory depression; nevertheless, it does not
guarantee stable respiration during sedation.

Limitations of this study

This study had several limitations. First, the total number of study patients was
relatively small. Therefore, there is a possibility of bias in patient selection. In future
studies, it will be necessary to expand the patient population and include more cases.
Second, there were differences in the analysis method for AHI in PSG and PS. While
the PSG was analyzed manually by a certified sleep technician, PS data were
automatically analyzed by computer software. Thus, the AHI values might be different
if the PS data are manually scored.

CONCLUSION

In conclusion, respiratory depression, characterized by obstructive apnea and
hypopnea, commonly develops during ESD surgery under sedation. Additionally, the
preoperative portable sleep monitor and STOP questionnaire scores accurately predict
abnormal breathing. From the viewpoint of cost-effectiveness, the STOP questionnaire
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is a clinically useful tool for risk stratification of respiratory depression during ESD,
leading to safe ESD procedures.

ARTICLE HIGHLIGHTS

Research background
Recently, endoscopic treatments often take a long time under deep sedation. In these
cases, there are many respiratory disturbances that cannot be detected.

Research motivation

In our previous study, polysomnography (PSG) could accurately identify the
respiratory disturbances during endoscopic submucosal dissection (ESD) under deep
sedation. We wanted to know the preoperative characteristics of patients who
experienced intraoperative respiratory disturbances.

Research objectives
We established predictive models for respiratory depression during sedation for ESD.

Research methods

Thirty-five adult patients undergoing sedation for gastric ESDs were studied.
Preoperatively, a portable sleep monitor and STOP questionnaires were used.
Respiration during sedation was assessed using a standard PSG. The apnea-hypopnea
index (AHI) was obtained using a preoperative portable sleep monitor and PSG
during ESD. A predictive model for the AHI during sedation was developed using
either the preoperative AHI or STOP questionnaire score.

Research results

Half of the patients had a preoperative AHI greater than 5 /hour. The intraoperative
AHI was significantly greater than the preoperative AHI (12.8 + 7.6 events/h vs 9.4 +
11.0 events/h, P = 0.049). Multiple linear regression analysis determined either STOP
questionnaire score or preoperative AHI as an independent predictor for moderate to
severe respiratory depression during sedation.

Research conclusions

The cost-effective STOP questionnaire has performance for predicting abnormal
breathing during sedation for ESD that is equivalent to that of preoperative portable
sleep monitoring, and can be used as a routine screening tool prior to the ESD
procedure.

Research perspectives

The results of this study could increase the safety of ESD under sedation through the
development of a clinically useful screening tool for predicting respiratory depression,
which possibly leads to fatal outcomes during the procedure.
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