
Introduction
During upper gastrointestinal endoscopy, the gastric wall can
be easily extended by insufflated air. Sufficient extension of
the gastric wall is important for endoscopic screening because
insufficient extension of the folds in the greater curvature of
the gastric corpus can result in blind spots. Conversely, suffi-
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ABSTRACT

Background and study aims The optimal intragastric

pressure (IP) for strong gastric wall extension is unclear.

We aimed to develop an accurate method to measure IP

using endoscopy and determine the pressure required for

strong gastric wall extension.

Methods An in vitro experiment using an endoscope with

a rubber attached at its tip was conducted. The process of

inserting the pressure measurement probe into the forceps

channel was skipped, and the tube of the pressure meas-

urement device was directly connected to the forceps chan-

nel. In vivo, the pressure in 51 consecutive patients at the

time of strong gastric wall extension was measured. Strong

extension of the gastric wall was defined as when the folds

in the greater curvature were flattened as a result of suffi-

cient extension of the gastric wall by insufflated air during

upper gastrointestinal endoscopy. The IP at that time was

measured.

Results In vitro, 20mL of tap water was injected once into

the forceps channel and then aspirated for 10 seconds.

Pressure measurement after irrigation of the forceps chan-

nel as well as the measurement by inserting the probe pro-

cedure were accurately performed. In vivo, among the 51

included patients, the mean IP (range) was 14.7mmHg

(10–23). Strong extension of the gastric wall was obtained

in 96.1% of patients when the IP was 20mmHg.

Conclusions We developed an accurate method to meas-

ure IP using upper gastrointestinal endoscopy. Strong ex-

tension of the gastric wall was obtained in almost all pa-

tients when the IP was 20mmHg.

* Meeting presentations: Asian Pacific Digestive Week (APDW) 2019
(December 14, 2019)

Original article

E530 Imamura Kentaro et al. Measurement of intragastric… Endosc Int Open 2021; 09: E530–E536 | © 2021. The Author(s).

Published online: 2021-03-17



cient extension of the gastric wall leads to flattening of the
folds in the greater curvature of the gastric corpus and disap-
pearance of blind spots, thus enabling the detection of small
and flat lesions [1]. In addition, when performing a preopera-
tive examination, evaluation of the invasion depth of early gas-
tric cancer is crucial to determine the indications for endo-
scopic treatment. We previously reported that the non-exten-
sion sign on endoscopy was useful for the diagnosis of submu-
cosal invasive cancer [2, 3]. We also reported that strong exten-
sion of the gastric wall is required to assess the presence or ab-
sence of the non-extension sign [2, 3].

However, the optimal intragastric pressure (IP) for strong ex-
tension of the gastric wall is not clear. Therefore, the objectives
of this study were to develop an easy and accurate method to
measure IP through an in vitro study and to determine the IP re-
quired for strong extension of the gastric wall through an in
vivo study. The time of strong gastric wall extension was de-
fined as the time when the gastric wall was sufficiently exten-
ded by insufflated air to the extent that the folds in the greater
curvature of the gastric corpus were flattened during an upper
gastrointestinal endoscopy. The measurement was performed
using the method developed in the in vitro study.

Methods
Part 1: Development of a method to measure
intragastric pressure: an in vitro study

A rubber balloon was attached to the tip of an endoscope, and
the balloon was inflated using a cuff pressure manometer
(▶Fig. 1). After setting the pressure, the following experiments
were performed (▶Fig. 2). It is reported that IP can be meas-
ured using an endoscope in which the probe was inserted into
the forceps channel and advanced out of the tip of the endo-
scope [4]. However, it takes time and additional effort to insert
the pressure measurement probe into the forceps channel dur-
ing endoscopic examination. To enable the measurement to be
easily performed in a shorter time, the tube of the pressure
measurement device was directly connected to the forceps
channel hole instead of inserting the probe into the forceps
channel (▶Fig. 2). The pressure was measured using a pressure
transducer AP-100 (Asahi Biomed Co. Ltd, Tokyo, Japan) con-
nected to the forceps hole of the endoscope.

To apply this method in vivo, the following points are to be
considered. In actual endoscopic examination, gastric juice
with mucus and bubbles are aspirated from the forceps channel
before starting the observation in order to optimize the exami-
nation. Therefore, if mucus is retained in the forceps channel of
the endoscope, accurate measurement of IP may be difficult.
Therefore, we injected 2% lidocaine jelly (Xylocaine Jelly: Aspen
Japan, Tokyo, Japan) as a substitute for mucus, into the forceps
channel of the endoscope. Thereafter, we performed an in vitro
study under the following conditions in order to explore the
most accurate method to measure the IP.

Experiment 1: The measurement was performed under a
condition in which nothing was injected into the forceps chan-
nel.

Experiment 2: The measurement was performed under a
condition in which lidocaine jelly was injected into the forceps
channel.

Experiment 3: The measurement was performed under a
condition in which lidocaine jelly was injected into the forceps
channel and then 20mL of tap water was injected once for irri-
gation.

Experiment 4: The measurement was performed under a
condition in which lidocaine jelly was injected into the forceps
channel and then 20mL of tap water was injected once for irri-
gation; the tap water retained in the forceps channel was aspi-
rated for 10 sec for further irrigation.

Each measurement was performed as follows. The intrabal-
loon pressure was measured for 5 sec with a recording interval
of 0.5 sec, and the mean pressure was calculated. The intrabal-
loon pressure at the tip of the endoscope was set at 10mmHg,
20mmHg, 30mmHg, and 40mmHg using a cuff pressure ma-
nometer (▶Fig. 1). The pressure measurement using the endo-
scope channel was performed 10 times under each condition,
and the mean pressure was calculated. In order to ensure the

▶ Fig. 1 Experimental arrangement. A rubber balloon was attached
to the tip of the endoscope. The balloon was inflated to certain
pressures using a cuff pressure manometer.

▶ Fig. 2 The tube in the pressure measurement device was directly
connected to the forceps channel hole and measurement was per-
formed under each experimental condition. The pressure in the
balloon attached to the endoscope tip was measured using the
pressure measurement device in which the tube of the pressure
transducer was attached to the forceps channel of the endoscope.
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accuracy and precision of the method to measure IP, the mean,
standard deviation, absolute and relative errors, and coefficient
of variation in pressures under each condition were calculated.

Absolute error = |true value – measured value|
Relative error = |true value – measured value|/ true value
Coefficient of variation= standard deviation/average value

Endoscopes

We used an electronic endoscopy system (EVIS LUCERA ELITE;
Olympus Co., Tokyo, Japan) with high-resolution endoscopy
(GIF-H290Z; Olympus) for the experiments.

Part 2: Measurement of intragastric pressure during
strong extension of the gastric wall: an in vivo study

Patients

This study was approved by the Institutional Review Board of
the Tobata Kyoritsu Hospital and was registered with the clini-
cal trials registry (UMIN 000035500). All participating patients
were explained about the study, and they provided written in-
formed consent.

Consecutive patients scheduled for upper gastrointestinal
endoscopy in the Department of Gastroenterology in Tobata
Kyoritsu Hospital from January to March in 2019 were included
in this study. Eligible patients were those who met all the fol-
lowing inclusion criteria and did not have any of the following
exclusion criteria.

Inclusion criteria
1. Patients scheduled to undergo upper gastrointestinal

endoscopy.
2. Patients with an Eastern Cooperative Oncology Group per-

formance status score of 0 or 1 [5].
3. Patients with an age at registration≤20 years.
4. Patients who provided written informed consent for study

participation.

Exclusion criteria
1. Patients at risk of upper gastrointestinal bleeding.
2. Patients with previous gastric surgery and those with a gas-

tric tube.
3. Patients with a serious underlying disease such as heart fail-

ure and ischemic stroke were excluded.
4. Patients who would have difficulty participating in this study

due to psychiatric disorders or symptoms.
5. Patients deemed ineligible for participation by the investi-

gator or associate investigator.

Endoscopic procedures for measurement of intragastric
pressure

All endoscopic procedures were performed using an electronic
endoscopy system (EVIS LUCERA ELITE; Olympus Co., Tokyo, Ja-
pan) with high-resolution endoscopy (GIF-Q260, GIF-H260Z,
GIF-H290Z; Olympus Co.) by certified specialists in gastrointes-
tinal endoscopy (certified by the Japanese Gastroenterological
Endoscopy Society) or an equally qualified endoscopist with >
10 years of experience in endoscopy.

All patients underwent optimum preparation and were re-
quired to drink a mixture of mucolytic and defoaming agents
in water 30 minutes before the procedures [1]. The formula
comprised 20,000 U pronase (Kaken Pharmaceutical, Tokyo, Ja-
pan), 1 g sodium bicarbonate, and 10mL dimethylpolysiloxane
(20mg/mL; Horii Pharmaceutical, Osaka, Japan) added into
100mL of water. Most patients (88%, 45/51) were sedated
with 3 to 10mg of diazepam (5mg/mL; Takeda Pharmaceutical,
Tokyo, Japan) or 2 to 8mg of midazolam (5mg/mL; SANDOZ,
Tokyo, Japan) injected intravenously.

After completing the original indications for endoscopic ex-
amination, such as screening endoscopy or preoperative endo-
scopic assessment of early gastric cancer, we performed the fol-
lowing experiments specialized for this study. Air was insuffla-
ted until the gastric wall was strongly extended. Strong exten-
sion of the gastric wall was defined as that in which the greater
curvature folds were flattened as a result of sufficient gastric
wall extension by insufflated air (▶Fig. 3).

The intragastric pressure at the time of strong gastric wall
extension was measured using the method developed in Part 1
(the in vitro study). CO2 was used for insufflation [6]. If adverse
events including abdominal pain, Mallory-Weiss syndrome, and
mucosal injury occurred during the experiments, the examina-
tion was immediately discontinued. After finishing the entire
procedure, patients were asked whether they felt abdominal
pain or discomfort.

Endpoints

Primary endpoint
The primary endpoint of this study was determination of the

IP at the time of strong extension of the gastric wall.

Secondary endpoints

There were several secondary endpoints evaluated in this study.
First was the comparison of the IP at the time of strong exten-
sion of the gastric wall between patients with non-atrophic
mucosa and those with atrophic mucosa on endoscopy [7, 8].
Second was the comparison of the IP at the time of strong
extension of the gastric wall between patients with obesity
(body mass index [BMI] ≥25 kg/m2) and those without obesity

A week 
extension of 
gastric wall

A strong 
extension of the 

gastric wall

Insufflating air

▶ Fig. 3 Strong extension of the gastric wall was defined as that in
which the folds in the greater curvature were flattened as a result
of sufficient extension of the gastric wall by insufflated air.
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(BMI < 25kg/m2) [9]. Finally, the safety was assessed by evaluat-
ing the frequency of adverse events (AEs). AEs included abdom-
inal pain, Mallory-Weiss syndrome, and gastric fissures. Ab-
dominal pain severity was graded using a numerical rating scale
(NRS) from 0 to 10 (0, no pain; 10, worst imaginable pain) [10].

Statistical analysis

The mean values were compared using Student’s t-test. P <0.05
were considered statistically significant. SPSS version 21 J for
Windows (SPSS, Chicago, Illinois, United States) was used for
all statistical analyses.

Results
Part 1: Development of a method to measure
intragastric pressure: an in vitro study

The standard deviation, absolute error, relative error, and coef-
ficient of variation of pressures are demonstrated in ▶Table 1,

▶Table 2, ▶Table 3, and ▶Table 4. These values were high in
Experiment 2 (▶Table 2) and Experiment 3 (▶Table3), and
they were higher than those in Experiment 1 (without any injec-
tion) (▶Table 1). Conversely, the mean pressures in Experiment
4 (▶Table 4) were similar to the intraballoon pressures that had
been set, and the standard deviation, absolute error, relative er-
ror, and coefficient of variation were low. Thus, the measure-
ments in Experiment 4 had high accuracy and reproducibility

that were comparable to those in Experiment 1 in which noth-
ing was injected into the forceps channel.

Part 2: Measurement of intragastric pressure during
strong extension of the gastric wall: an in vivo study

Clinical characteristics

Fifty-four consecutive patients undergoing upper gastrointesti-
nal endoscopy were included in this study. Of them, three pa-
tients were excluded because of difficulty retaining air in the
stomach; the remaining 51 patients were included in the analy-
sis. Overall, 31 (61%) patients were men and the mean age±
standard deviation (SD) was 64.7 ±20.3 years, while the mean
BMI ± SD was 23.3 ±3.9 (▶Table5). Atrophic changes were ob-
served in 37 patients (73%) (▶Table5) [7, 8].

Primary endpoint

The mean IP ± SD at the time of strong extension of the gastric
wall was 14.7 ±3.6mmHg. The frequency of strong extension of
the gastric wall under the condition of the IP of 20mmHg or
lower was 96% (49/51) (▶Fig. 4).

▶Table 2 Experiment 2: Pressure management after injecting the for-
ceps channel with lidocaine jelly.

Pressure in the

balloon

Mean±SD AE RE CV

(mmHg) (mmHg) (mmHg) (%) (%)

10 20,4 ±8.9  9.4 93.9 43.5

20 29.3 ±3.5  9.3 46.5 11.8

30 35.4 ±4.7  6.1 20.4 13.2

40 23.9 ±8.9 11.6 29 30.9

SD, standard deviation; AE, absolute error; RE, relative error; CV, coefficient
of variation.

▶Table 3 Experiment 3: Pressure management after injecting the for-
ceps channel with lidocaine jelly, injecting 20mL of tap water once, and
washing the forceps hole.

Pressure in the

balloon

Mean±SD AE RE CV

(mmHg) (mmHg) (mmHg) (%) (%)

10 12.1 ±4.7 3.6 35.6 38.5

20 21.1 ±2.4 1.9  9.3 11.3

30 26.5 ±4.3 4.9 16.3 16.3

40 37.9 ±5.1 3.9  9.8 13.3

SD, standard deviation; AE, absolute error; RE, relative error; CV, coefficient
of variation.

▶Table 4 Experiment 4: Pressure management after injecting the for-
ceps channel with lidocaine jelly, injecting 20mL of tap water once to
wash the forceps channel, and suctioning tap water from the forceps
channel for 10 sec.

Pressure in the

balloon

Mean±SD AE RE CV

(mmHg) (mmHg) (mmHg) (%) (%)

10 10.3 ±0.4 0.4 3.9 4.3

20 20.2 ±0.3 0.2 1.2 1.2

30 30.1 ±0.3 0.3 0.8 0.9

40 39.9 ±0.1 0.1 0.3 0.2

SD, standard deviation; AE, absolute error; RE, relative error; CV, coefficient
of variation.

▶Table 1 Experiment 1: Pressure management in the forceps channel
without any injection.

Pressure in the

balloon

Mean±SD AE RE CV

(mmHg) (mmHg) (mmHg) (%) (%)

10 10.4 ±0.2 0.2 2.1 2.2

20 20.4 ±0.1 0.4 1.9 0.6

30 30.1 ±0.1 0.1 1.1 0.4

40 40.2 ±0.2 0.2 0.5 0.5

SD, standard deviation; AE, absolute error; RE, relative error; CV, coefficient
of variation.
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Secondary endpoints

The mean IP ± SD at the time of strong extension of the gastric
wall in patients without atrophic mucosa on endoscopy was
14.6±3.5mmHg and that in those with atrophic mucosa on
endoscopy was 15.0 ±3.5mmHg, with no statistically significant
difference between the two groups (P=0.75). The mean IP ± SD
at the time of strong extension of the gastric wall in patients
with a BMI≥25kg/m2 (N=11) was 17.8±3.7mmHg and that in
those with a BMI <25kg/m2 (N=40) was 13.9±3.0mmHg. Pa-
tients with obesity required significantly higher pressure to ob-
tain strong extension of the gastric wall compared to those with-
out obesity (P =0.007) (▶Fig. 5). There were no serious AEs
leading to discontinuation of the examination. Mild abdominal
pain during the examination was observed in seven patients
(13.7%) (▶Table 5).

Discussion
In this study, the results suggested that an accurate and repro-
ducible measurement of IP can be achieved by eliminating the
influence mucus. Specifically, 20mL of tap water was injected
into the forceps channel of the endoscope for irrigation and
was aspirated for 10 seconds; thereafter, the IP was measured.
We aimed to develop an easy and accurate method to measure
IP using endoscopy and to determine the IP required for strong
extension of the gastric wall. During upper gastrointestinal
endoscopy, blind spots can be avoided by sufficient extension
of the gastric wall by air insufflation, which enables the obser-
vation of subtle changes in the color and surface (elevated or
depressed lesions) of lesions [1]. In particular, strong extension
of the gastric wall is essential to detect lesions in the folds.
Therefore, observation at the time of strong extension of the

▶Table 5 Clinical characteristics of 51 patients included in this study.

Mean age±SD, (years) 64.7 ±20.3

Sex

Male (%) 31 (61%)

Female (%) 20 (39%)

Mean body mass index ± SD, (kg/m2) 23.3 ± 3.89

Endoscopic gastric mucosal atrophy

Positive (%) 37 (73%)

Negative (%) 14 (27%)

Numeric rating scale

0 (%) 44 (86%)

1–2 (%)  7 (14%)

3–10 (%)  0 (0%)

3–10 (%)  0 (0%)

Indications for endoscopy

Screening endoscopy 12 (24%)

Abdominal pain 12 (24%)

Appetite loss  1 (2%)

Preoperative assessment for gastric cancer  5 (10%)

Surveillance after ESD for upper GI cancer 14 (27%)

Gastroduodenal ulcer  7 (13%)

SD, standard deviation; ESD, endoscopic submucosal dissection; GI, gastro-
intestinal.

Intragastric pressure measurement (mmHg)
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▶ Fig. 4 Histogram of the measured intragastric pressure. Strong extension of the gastric wall occurred in 96% of participants (49/51) when
the gastric pressure was at most 20mmHg.

E534 Imamura Kentaro et al. Measurement of intragastric… Endosc Int Open 2021; 09: E530–E536 | © 2021. The Author(s).

Original article



gastric wall under certain conditions is important to establish
the standard observation method. However, an objective meth-
od of measuring IP has not been established. Carbone et al. [4]
and Suzuki et al. [11] reported methods to measure IP using a
probe. In their studies, the probe was inserted from the forceps
channel, and the IP was measured using a probe on the tip of
the endoscope. However, it takes additional effort to apply
this method during endoscopic examination. Therefore, we de-
veloped a simple and accurate method to measure intragastric
pressure through an in vitro study. In our method, instead of in-
serting a probe from the forceps channel, the tube of the pres-
sure measurement device was directly attached to the forceps
channel hole. However, if this method is used in upper gastro-
intestinal endoscopy in clinical practice, the attachment of mu-
cus to the forceps channel prevents accurate measurement of
the intragastric pressure because mucus intervenes between
the IP measurement instrument and intragastric space by oc-
cluding the channel. There is a concern that retention of aspira-
ted mucus in the forceps channel may prevent accurate meas-
urement of IP. Therefore, we explored the optimal condition for
measuring IP through experiments under various conditions.

Subsequently, we investigated the optimal IP for strong ex-
tension of the gastric wall in patients. The mean IP ± SD at the
time of strong extension of the gastric wall was 14.7 ±3.6
mmHg (10–23). Strong extension of the gastric wall occurred
in 96% of patients (49 /51) when the IP was at most 20mmHg
(▶Fig. 4). These results suggest that the strong extension of
the gastric wall can be obtained in almost all patients when
the IP is at most 20mmHg during upper gastrointestinal endos-
copy.

Further studies regarding the usefulness and safety of the
present method (IP of 20mmHg) are required for clinical appli-

cation. Regarding safety, Suzuki et al. [11] studied the changes
induced by gastric stimulation using air inflation during endos-
copy. They measured the IP at the visceral perception threshold
in patients with functional dyspepsia/regurgitation esophagitis
and controls and reported that visceral perception was ob-
served in all groups when the IP was at least 22mmHg. Addi-
tionally, incidents due to air inflation were not recorded. In the
present study as well, there were no incidents or patients who
complained of strong visceral perception (▶Table 5). However,
no studies have investigated the safety of the measurement
method in which the IP was maintained at 20mmHg in patients
undergoing endoscopy. We plan to conduct a prospective study
on the safety of this method in which the IP is maintained at 20
mmHg (UMIN000039105). We previously reported that the
non-extension sign with strong extension of the gastric wall
was useful not only for endoscopic screening but also for preo-
perative endoscopic diagnosis of invasion depth of early gastric
cancer [2, 3]. In the future, we plan to conduct a prospective
study on the optimal IP needed to detect the non-extension
sign that is useful for the diagnosis of invasion depth in patients
with early gastric cancer.

In the present study, the mean IP ± SD in patients with non-
atrophic mucosa on endoscopy did not significantly differ from
that in those with atrophic mucosa on endoscopy. The mecha-
nism of dilatation of the stomach is considered as follows. In
general, the stomach is dilated by release of relaxing substan-
ces such as nitric oxide and vasoactive intestinal peptide in-
duced by physical stimulation (extension stimulation) associat-
ed with food intake [12, 13]. In this study, it was considered
that dilatation of the stomach was related to a gastric accom-
modation response associated with gastric wall extension by
air insufflation; therefore, it was suggested that the presence
or absence of atrophic mucosa might not have influenced the
mechanism driving the dilatation of the stomach. Additionally,
we compared the IP at the time of strong extension of the
gastric wall between patients with and without obesity (BMI
≥ 25kg/m2 vs. < 25 kg/m2) [9]. In the present study, the IP re-
quired for extension of the stomach was significantly higher in
patients with obesity than in those without obesity (P=0.007)
(▶Fig. 5). The potential reasons for this finding are as follows.
First, as reported by Lambert et al. [14], obesity is associated
with increased intraperitoneal pressure, suggesting that the
pressure required for extension of the gastric wall is greater in
patients with obesity because of their higher intraperitoneal
pressure. Second, in this study, dilatation of the stomach was
related to a gastric accommodation response, which was asso-
ciated with gastric wall extension by air insufflation as de-
scribed above. Weisen et al. reported that the autonomic re-
sponsiveness of the stomach was decreased in patients with
obesity [15]. Therefore, it is suggested that the magnitude of
stimulation required for strong extension of the gastric wall is
greater in patients with obesity than in those without obesity.

The limitation of the in vitro experiment was that we did not
perform a distribution-free test and calculated the standard de-
viation, absolute error, relative error, and coefficient of varia-
tion. Ten measurements may have been somewhat small for
an accurate measurement. The limitation of the in vivo study
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▶ Fig. 5 Comparison of intragastric pressure at the time of strong
gastric wall extension between patients with obesity (body mass
index [BMI] ≥25 kg/m2) and those without obesity (BMI < 25 kg/
m2). Patients with obesity required significantly higher pressure
to obtain strong extension of the gastric wall compared to those
without obesity (P=0.007, Student’s t-test).
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was that it was an exploratory study of a small number of pa-
tients at a single center. With respect to the comparison of IP
at the time of strong gastric wall extension between patients
with endoscopic non-atrophic mucosa and those with endo-
scopic atrophic mucosa and between obese and non-obese pa-
tients as described in the secondary end-points, more number
of cases are needed because the influence of other factors
could not be excluded due to the small sample size. In addition,
with respect to adverse events at the time of strong gastric wall
extension, more cases are needed due to the small sample size.
We are now planning to perform a clinical trial in a multicenter
setting including a large number of patients.

Conclusion
In this study we developed an accurate, and reproducible meth-
od of measuring IP under the following conditions. To eliminate
the factors that may negatively affect the accuracy of measure-
ment (such as mucus in the forceps channel), 20mL of tap wa-
ter was injected into the forceps channel for irrigation and the
tap water in the forceps channel was aspirated for 10 sec.
Thereafter, the IP was measured. Our study also showed that
strong extension of the gastric wall can be obtained in almost
all patients when an IP of 20mmHg is applied during upper gas-
trointestinal endoscopy. The quantitative measurement of IP
may be useful for standardizing upper gastrointestinal endos-
copy procedures, both for screening and for preoperative diag-
nosis of invasion depth of early gastric cancer.
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