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Abstract

Objective: This study was designed to assess clinical predictors of hypoxemia and develop an

artificial neural network (ANN) model for prediction of hypoxemia during sedation for gastro-

intestinal endoscopy examination.

Methods: A total of 220 patients were enrolled in this prospective observational study. Data on

demographics, chronic concomitant disease information, neck circumference, thyromental dis-

tance and anaesthetic dose were collected and statistically analysed.

Results: Univariate analysis indicated that body mass index (BMI), habitual snoring and neck

circumference were associated with hypoxemia. An ANN model was developed with three

variables (BMI, habitual snoring and neck circumference). The area under the receiver operating

characteristic curve for the ANN model was 0.80.

Conclusions: The ANN model developed here, comprising BMI, habitual snoring and neck cir-

cumference, was useful for prediction of hypoxemia during sedation for gastrointestinal endoscopy.

Keywords

Age, anaesthesia, endoscopic procedure, hypoxemia, risk factor, sedation, snoring

Date received: 23 September 2018; accepted: 7 February 2019

1Department of Anesthesiology, the First Affiliated

Hospital of Wenzhou Medical University, Wenzhou, China
2Department of Anesthesia, Pain Management and Critical

Care, Nepal Mediciti Hospital, Karyabinayak, Nepal
3Department of Clinical Medicine, School of Medicine,

Zhejiang University, Hangzhou, China

4Department of Gastroenterology and Hepatology, the

First Affiliated Hospital of Wenzhou Medical University,

Wenzhou, China

*These authors contributed equally to this work.

Corresponding author:

Wandong Hong, Department of Gastroenterology and

Hepatology, the First Affiliated Hospital of Wenzhou

Medical University, Nanbaixiang 325000, Ouhai,

Wenzhou, Zhejiang, China.

Email: xhnk-hwd@163.com

Journal of International Medical Research

2019, Vol. 47(5) 2097–2103

! The Author(s) 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060519834459

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which

permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is

attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

http://orcid.org/0000-0002-1655-5997
http://orcid.org/0000-0001-6857-4252
mailto:xhnk-hwd@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060519834459
journals.sagepub.com/home/imr


Introduction

Anaesthesiologist-directed propofol sedation
in endoscopic procedures improves patient
comfort and facilitates endoscopic perfor-

mance. However, propofol may give rise to
sedation-related complications by accentuat-
ing airway collapse and lowering the thresh-

olds for upper airway obstruction and
hypoxemia.1 Therefore, early identification

of high-risk patients with hypoxemia before
endoscopy may help physicians select those
patients that would benefit most from

aggressive interventions such as chin lifting,
positive pressure ventilation and endotrache-
al intubation. Several studies have been con-

ducted to develop bedside tests that can
easily and quickly predict sedation-related
complications.1,2 However, there is limited

literature on specific clinical predictors of
hypoxemia development during sedation
for gastrointestinal endoscopic procedures.

Artificial neural network (ANN) analysis
is a mathematical statistical technique that

can successfully predict clinical outcomes
when the relationship between predictors

and prognosis is complex, multidimensional
and non-linear.3 The aim of the present
study was to assess the value of an ANN

model in predicting the development of
hypoxemia during gastrointestinal endosco-
py examination.

Materials and methods

Inclusion and exclusion criteria

This prospective observational study was

conducted between 5 July, 2017, and 31
July, 2017, in the First Affiliated Hospital
of Wenzhou Medical University.4 Patients

with American Society of Anesthesiologists
(ASA) status I–III undergoing routine gas-
troscopy and/or colonoscopy examination

were enrolled. Exclusion criteria were thera-
peutic endoscopy, prior gastric or colonic
resection, inadequate bowel preparation,

severe cardiopulmonary diseases before data
collection, patients with ASA class of 4 or
higher and lack of complete data availability.

Patient monitoring and data collection

Age, sex, body mass index (BMI), ASA
class, neck circumference, thyromental dis-
tance, history of hypertension, diabetes
mellitus, alcohol consumption, smoking
and habitual snoring (yes or no) were
recorded before the endoscopy.5 The cate-
gory of endoscopy examination and the
doses of propofol and etomidate were also
recorded. Habitual snoring was defined as
snoring on more than 3 nights a week.6

In the operating room, the patients
received oxygen via a nasal cannula at
3L/min and were positioned with pillows
under the head. Electrocardiography,
heart rate, pulse oximetry and intermittent
blood pressure were continuously moni-
tored. To induce anaesthesia, the anaesthe-
siologist used propofol alone or in
combination with low-dose etomidate.
Propofol dosage was adjusted to maintain
deep sedation throughout the procedure.

Definition of outcome and ethics

The primary endpoint of this study was to
develop an ANN model for prediction of
hypoxemia. Hypoxemia was defined as a
pulse oximetry reading <90% for any dura-
tion during the endoscopy procedure.1

This study protocol was approved by the
ethics committee of the First Affiliated
Hospital of Wenzhou Medical University
and performed according to the principles
articulated in the Declaration of Helsinki.
Written informed consent was obtained
from all subjects and data were anonymized
before analysis.

Statistical analysis

This manuscript adheres to the Standards
for Accurate Reporting of Diagnostic
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Tests (STARD) guidelines. Continuous
values were expressed by mean� standard
deviation and compared using Student’s t-
test. Categorical values were described
using counts and proportions and com-
pared using the v2 test or Fisher’s exact test.

All variables that showed differences
between patients with and those without hyp-
oxemia in the univariate analysis were includ-
ed in an ANN analysis. A three-layered ANN
model with three hidden nodes and a back
propagation circuit was constructed as
described previously.3,7 A five-fold cross val-
idation was performed to prevent overtrain-
ing. The ANN was trained with maximum
iterations of 500 and 10 tours. The overfit
penalty was set at 0.001 and a convergence
criterion of 0.00001 was selected. The ANN
output was transformed to the range 0–1;
hypoxemia was predicted if the output was
greater than or equal to 0.5.

A receiver operating characteristic
(ROC) curve was constructed and the area
under the receiver operating characteristic
curve (AUC) was used to evaluate the per-
formance of the ANN model and other pre-
dictions. A variable with an AUC above 0.8
was considered excellent.8 The sensitivity,
specificity, positive likelihood ratio (þLR),
negative likelihood ratio (�LR), positive
predictive value, negative predictive value
and diagnostic accuracy were calculated
for the cutoff values.

Differences were considered statistically
significant if the two-tailed P value was less
than 0.05. All calculations were performed
using JMP 6.0 (SAS Institute Inc., Cary,
NC, USA) and STATA (StataCorp LP,
College Station, TX, USA) software.

Results

Baseline characteristics

During the study period, 220 patients
(mean age: 50� 12.0 years) were enrolled.
Of these, 134 (60.9%) were males. In all,

25 (11.4%) patients underwent only gastros-

copy and 41 (18.6%) received only colonos-

copy; 154 (70.0%) received a combination of

gastroscopy and colonoscopy examination.

The incidence of hypoxemia was 10%

(22/220). Interventions for hypoxemia were

chin lift manoeuver (22 patients), modified

mask airway (22 patients), positive pressure

ventilation (also called bag-mask ventila-

tion) (6 patients) and use of a nasopharyn-

geal airway (2 patients). Some patients

received more than one manipulation.

There were no cases of endotracheal intuba-

tion in the entire cohort.

Univariate analysis

Univariate analysis indicated that there was

no significant statistical difference between

patients with and without hypoxemia with

respect to age, sex, ASA class, thyromental

distance, hypertension, diabetes mellitus,

alcohol consumption and smoking

(Table 1). There was also no significant dif-

ference between patients with and without

hypoxemia on type of endoscopy examina-

tion, dose of propofol and dose of etomi-

date used.
However, BMI (P¼ 0.005), habitual

snoring (P¼ 0.006) and neck circumference

(P¼ 0.014) were significantly associated

with hypoxemia.

Construction and performance of ANN

Based on the univariate analysis results,

three pre-endoscope measurement variables

(BMI, habitual snoring and neck circumfer-

ence) were used to develop and train a

three-layer 3-3-1 feedforward backpropaga-

tion ANN model (Figure 1).
The ROC analysis (Figure 2) indicated

that the AUC of the ANN model (0.80

� 0.04) was significantly higher than that

of BMI (0.74� 0.05, P< 0.001), habitual

snoring (0.65� 0.06, P< 0.001) and neck

circumference (0.68� 0.05, P< 0.001).
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The sensitivity, specificity, þLR, �LR,
positive predictive value, negative predic-
tive value and diagnostic accuracy of the
ANN model were 14%, 98%, 9.00, 0.88,
50%, 91% and 90%, respectively.

Using the prevalence value of hypoxemia
(10% in this study) as the pre-test probabil-
ity, a Fagan plot (Figure 3) indicated that
the ANN model was clinically informative,

as it increased the probability of hypoxemia

classification up to 50% when positive

and lowered the probability to 9%

when negative.

Discussion

Jones and Nzekwu9 reported that lung vol-

umes, particularly functional residual

Figure 1. An artificial neural network for the prediction of hypoxemia during endoscopy consisting of three
input variables, a hidden layer with three nodes and one output variable

Table 1. Baseline characteristics and clinical outcomes for 220 patients in the two study groups

Variable

Hypoxemia

N¼ 22

Non-hypoxemia

N ¼198 P value

Age, years 54.7� 11.8 49.8� 11.8 0.07

Male sex, N (%) 15 (68.2) 116 (60.1) 0.46

BMI, kg/m2 25.8� 3.6 23.1� 4.3 0.005

ASA class I/II/III 3/19/0 69/127/2 0.11

Neck circumference (cm) 37.5� 2.8 35.3� 4.0 0.014

Thyromental distance (cm) 6.5� 0.5 6.4� 0.9 0.57

Hypertension, N (%) 6 (27.3) 35 (17.7) 0.273

Diabetes mellitus, N (%) 2 (9.1) 19 (9.6) 0.94

Alcohol consumption, N (%) 7 (31.8) 65 (32.8) 0.924

Smoking, N (%) 4 (18.2) 43 (21.7) 0.701

Habitual snoring, N (%) 14 (63.6) 67 (33.8) 0.006

Endoscopy 0.932

Gastroscopy only, N (%) 2 (9.1) 23 (11.6)

Colonoscopy only, N (%) 4 (18.2) 37 (18.7)

Gastroscopy and colonoscopy, N (%) 16 (72.7) 138 (69.7)

Pharmacological data

Propofol induction dose 119� 36 126� 25 0.251

Total propofol dose 185� 55 172� 44 0.227

Etomidate, N (%) 5 (22.7) 33 (16.7) 0.476

Data are shown with mean� standard deviation or numbers and percentages as appropriate. BMI: body mass index;

ASA: American Society of Anesthesiologists
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capacity and expiratory reserve volume,

decrease as BMI increases. Kendale and

Blitz10 observed that higher BMI was asso-

ciated with the incidence of intraoperative

hypoxemia. Wani et al.11 have suggested

that BMI is an independent predictor of

sedation-related complications during

propofol-mediated sedation for advanced

endoscopic procedures. Our study showed

that patients with hypoxemia had higher

BMI than patients without hypoxemia

(25.8 vs. 23.1, P¼ 0.005) (Table 1).
Snoring is a major symptom of obstruc-

tive sleep apnoea–hypopnoea syndrome.

Habitual snoring (snoring on more than

3 nights a week) is the best predictor of

obstructive sleep apnoea.6 Cote et al.12

reported that the incidence of hypoxemia

was more frequent in patients with obstruc-

tive sleep apnoea during advanced endo-

scopic procedures. Our study showed that

hypoxemia occurred more frequently in

patients who snored habitually than in

patients who did not (63.6% vs. 33.8%,

P¼ 0.006) (Table 1).

Figure 2. Receiver operating characteristic curves for the artificial neural network (ANN) model, body
mass index, habitual snoring and neck circumference. The ideal area under the receiver operating charac-
teristic curve (AUC) was 1.00. The reference line represents an AUC of 0.50, based on chance alone

Figure 3. Fagan plot of ANN model for prediction
of hypoxemia. ANN: artificial neural network;
Prob: probability; LR Positive: positive likelihood
ratio; LR Negative: negative likelihood ratio

Geng et al. 2101



Fatty shorter necks and small thyromen-
tal distance have been used as simple, clin-
ically useful predictors of difficult airway in
some studies.13,14 However, the relationship
among neck circumference, thyromental
distance and hypoxemia during the endos-
copy procedure has not been previously
investigated. Our findings suggest that
increased neck circumference, but not thy-
romental distance, was associated with risk
of hypoxemia during endoscopy (Table 1).

An ANN model built on three variables
(BMI, habitual snoring and neck circumfer-
ence), with an AUC of 0.80, was a useful
tool for prediction of hypoxemia during the
endoscopy procedure (Figure 1). The ANN
AUC was statistically superior to that of
other single parameters, indicating that the
ANN performed better than any other
single parameter (Figure 2).

To the best of our knowledge, this is the
first study to attempt to create an ANN to
predict hypoxemia during sedation for
endoscopic procedures. The ANN model
successfully predicted hypoxemia better
than did the individual variables in a uni-
variate analysis. However, this study had
several important limitations. First, the
sample size was relatively small, which
may have produced bias. Second, we did
not investigate other potential predictors
of hypoxemia, such as examination dura-
tion. However, results from a previous
study suggest that procedure time is not
associated with incidence of cardiopulmo-
nary events using propofol sedation for
routine oesophagogastroduodenoscopy or
colonoscopy.2 Last, the sensitivity and pos-
itive predictive value of our ANN model
were low, indicating that the ANN model
could only identify a small portion of
patients who developed hypoxemia during
endoscopy. In other words, some patients
who develop hypoxemia may have not
high BMI, habitual snoring and large neck
circumference. It would be interesting to
carry out a large-sample prospective study

to determine whether other variables such

as age, ASA status and thyromental dis-

tance improve the sensitivity of our ANN

model. However, the specificity and nega-

tive predictive values were high, indicating

that our ANN model can correctly identify

which patients will not develop hypoxemia

during sedation for routine gastrointesti-

nal endoscopy.
In conclusion, an ANN model compris-

ing BMI, habitual snoring and neck circum-

ference was useful for prediction of

hypoxemia during sedation for routine gas-

trointestinal endoscopy.
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