
Introduction
Endoscopy plays an important role in daily clinical practice of
gastrointestinal diseases. High-resolution endoscopy with im-
age-enhancement function has enabled the early detection of
gastrointestinal neoplasms [1–4]. The magnifying function
made it possible to accurately evaluate superficial neoplasms
before resection [5, 6]. In addition, endoscopic treatment has
been adopted as a reliable, minimally invasive option for such
superficial neoplasms [7–9]. As a result, application of endos-

copy in this field is expanding. Concurrently, the importance of
surveillance esophagogastroduodenoscopy (EGD) is increasing,
despite the feeling of hesitation among examinees. Undoubt-
edly, one of the most important factors associated with this
hesitation is the discomfort caused by the procedure itself.

An ultrathin endoscope, which can be inserted transorally or
transnasally, was mainly developed with the aim of reducing
patient discomfort [10, 11]. EGD via transnasal insertion is
associated with reduced gag reflex. However, due to its struc-
tural limitations, reduction of body stiffness is necessary. As a
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ABSTRACT

Background and study aims Ultrathin endoscopes are

commonly used for surveillance esophagogastroduodeno-

scopy (EGD) to reduce discomfort associated with scope in-

sertion. However, the flexibility of an ultrathin endoscope is

a trade-off between reducing discomfort and lengthening

examination time.

Patients and methods The EG17-J10 (EG17) is a novel ul-

trathin endoscope characterized by its tapering body stiff-

ness; however, the flexibility of its tip is comparable to that

of the traditional ultrathin endoscope EG16-K10 (EG16).

We compared EGD examination time between EG17 and

EG16. A total of 319 examinees who underwent EGD from

November 2019 to January 2020 at the Chiba-Nishi General

Hospital were enrolled. Six examinees were excluded due to

past history of surgical resection of the upper gastrointesti-

nal tract or too much food residues; 313 examinees (EG17,

209; EG16,104) were retrospectively analyzed. The exami-

nation time was divided into three periods: esophageal in-

sertion time (ET), gastroduodenal insertion time (GDT),

and surveillance time of the stomach (ST). The total

amount of ET, GDT, and STwas defined as total examination

time (TT).

Results TT of EGD using EG17 was significantly shorter

compared to EGD using EG16 (222.7 ±68.9 vs. 245.7 ±78.5

seconds) (P=0.004). Among the three periods of examina-

tion time, ET (66.7 ±24.1 vs. 76.0 ±24.1 seconds) (P=

0.001) and GDT (47.9 ±17.4 vs. 55.2 ±35.2 seconds) (P=

0.007) of EGD using EG17 were significantly shorter com-

pared to EGD using EG16, except for ST (108.1 ±51.5.1 vs.

114.5 ±50.1 seconds) (P=0.148).

Conclusion An ultrathin endoscope with tapering body

stiffness can shorten EGD examination time, mainly due to

the shortening of insertion time.
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result, examination time using ultrathin scopes is longer than
with conventional scopes. In a previous study, a flexible ultra-
thin scope was found to reduce patient discomfort during the
examination but significantly lengthened the examination
time [12]. From the standpoint of time efficiency, a longer ex-

amination time is not preferable. Therefore, appropriate stiff-
ness of the ultrathin endoscopes is mandatory.

The EG17-J10 (EG17) (PENTAX Medical, Hoya Corp., Tokyo,
Japan) is a novel ultrathin scope characterized by tapering
body stiffness compared with the previous generation model
EG16-K10 (EG16) (PENTAX Medical, Hoya Corp., Tokyo, Japan).
Its body, with the exception of the comparatively flexible tip, is
designed to maintain strong stiffness (▶Fig. 1). In theory, it is
expected to reduce examination time as mentioned above, but
the real effect of the tapering body stiffness has not been eval-
uated in clinical daily practice. Therefore, this study aimed to
evaluate the actual impact of the tapering body stiffness on
EGD examination time using two types of ultrathin scopes.

Patients and methods
This was a retrospective, single-institution study conducted in
Chiba-Nishi General Hospital, with approval from the ethics
committee. Data were collected from digital records of 319
consecutive examinees who underwent surveillance EGD using
the EG16 and EG17 from November 2019 to January 2020.Dur-
ing that time, the examinees were consecutively assigned to
the two types of ultrathin scopes in a ratio of 1 to 2, based on
the number of scopes available in our institute.

The specifications of the EG16 and EG17 are summarized in

▶Table 1. Ex vivo values for insufflation-suction power were
evaluated 10 times and are shown as mean± standard de-
viation. An endoscopic flexibility index (EFI) was evaluated
(▶Fig. 2) [12] as follows. We fixed the middle portion of the
endoscope to a flat surface and allowed the tip of the endo-
scope to bend freely under the influence of gravity. After ad-
justing the length of the endoscope from 150 to 400mm to en-
able free movement under the influence of gravity, we mapped
the position of the endoscope tip on a two-dimensional grid.
The mean horizontal distances at fixed points of 200, 250,
300, 350, and 400mm were used as an EFI.

In this study, we used an EPK-i7010 OPTIVISTA PLUS (PEN-
TAX Medical, Hoya Corp., Tokyo, Japan) as a video processor

▶ Fig. 1 Image of the EG16-K10 and EG17-J10.

▶Table 1 Profiles of the two scopes.

EG16-K10 EG17-J10

Field of view (°) 140 140

Tip deflection up/down (°) 210/120 210/120

Tip deflection right/left (°) 120/120 120/120

Diameter of distal end (mm) 5.2 5.4

Diameter of insertion tube (mm) 5.4 5.7

Diameter of instrumental channel (mm) 2.0 2.0

Suction speed (mL/sec) 5.13 ± 0.14 5.41±0.23

Insufflation speed (mL/sec) 13.26±0.16 21.60±0.28

EFI (mm) 148.7 177.5

EFI, endoscopic flexibility index.
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for the two scopes. The insufflation strength of the processor
was configured to the strongest level. The suction tube was
connected to the embedded suction pipe with stable suction
power. These settings are similar with the ones we usually use
for ultrathin scopes in our clinical daily practice.

All EGDs were performed via transoral insertion because of
the clinical style of our institution. For preparation, we used
pronase (PronaseMS; Kaken Pharmaceutical CO., Ltd. Tokyo, Ja-
pan) and 5-mL dimethicone 2% (Gascon; Kissei Pharmaceutical
Co., Ltd. Matsumoto, Japan), followed by five pushes of 8% lido-
caine hydrochloride (Aspen Japan K.K., Tokyo, Japan) into the
oral cavity. For examinees who underwent EGD under con-
scious sedation, we used 0.5 to 2.0mg/kg propofol bolus infu-
sion to keep the anesthesia level at –2 or –3 point of RASS dur-
ing the examination [13]. Examinees with a past history of sur-
gical resection of the upper gastrointestinal tract and those
with too much food residue were excluded from the study.

All EGDs were performed by five well-trained endoscopists
who experience performing more than 1,000 EGDs. Images
were made at the following points during every EGD:
1. After insertion into the esophagogastric junction (EGJ), at

the point of arrival at the EGJ.
2. After suctioning of fluid from the stomach and insertion of

the scope through the stomach to the descending portion of
duodenum, at the point of arrival at the duodenal papilla.

3. After the scope was pulled into the stomach (approximately
30 images).

4. After the scope was pulled back, to images were captured of
the esophagus.

In cases where lesions were present, additional images were
captured or biopsies taken.

Using the digital records of the images, we calculated the
examination time and divided it into three periods: esophageal
insertion time (ET), gastroduodenal insertion time (GDT), and
surveillance time in the stomach (ST) (▶Fig. 3). ET, GDT, and
ST combined was defined as the total examination time (TT).
All biopsies were performed only for suspicious lesions. Ran-
dom biopsies were not performed in this study.

Statistical analyses were performed using the student’s t-
test, χ 2 test, and Fisher’s exact test. All analyses were per-
formed using R software (R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results
Of 319 examinees, four were excluded due to a past history of
surgical resection of the upper gastrointestinal tract and two
due to too much food residue. A total of 313 examinees were
assessed. The characteristics of the examinees are summarized
in ▶Table2. No significant differences were found in age, sex,
or use of sedation between the EG16 and EG17 groups.

Examination time also is summarized in ▶Table2. TTwas ap-
proximately 10% shorter in the EG17 than in the EG16 group,
although the total number of images was not significantly dif-
ferent between the groups. ET and GDT were significantly
shorter in the EG17 than in the EG16 group. There was no sig-
nificant difference in ST between the two groups.

We analyzed the learning effect by comparing the exami-
nees in the first and second halves of the study. The effect of
use of sedation was also analyzed, although no significant dif-
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▶ Fig. 2 Two-dimensional plot of the transition from the tip of the
two endoscopes. The length of the endoscope allowed free move-
ment under the influence of gravity.
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▶ Fig. 3 The three examination periods.
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ferences were found (▶Table3 and ▶Table4). The effect of age
was also analyzed, and revealed no significant difference in ex-
amination time for examinees over 60 years and under 60 years
of age (▶Table5). However, analysis of age and scope type
combined showed no significant differences between the two
scopes only in STs of examinees over 60 years old (▶Table6).

Discussion
In the field of gastroenterology, ultrathin scopes are preferable
due to reduced patient discomfort associated with surveillance
EGD [14]. Regardless of the route of insertion route or patient
age, ultrathin scopes facilitate low-discomfort EGD, although
they are not preferred by operators because of the longer ex-
amination time associated with low maneuverability and insuf-
flation-suction power [11, 12]. The thinner body of these devi-

ces results in a trade-off between reducing discomfort and
their disadvantages. From this standpoint, the development of
the ultrathin scopes is a dilemma.

In this study, we evaluated examination time to gauge the
efficacy of a newly developed ultrathin scope. Insertion time
into the EGJ and duodenal papilla is shorter with the EG17.We
speculate that the tapering body stiffness improves maneuver-
ability, especially when pushing the scope. Moreover, the EG17
reduced ST for examinees under 60 years old, whereas no sig-
nificant reduction in ST was seen in examinees over 60 years
old. ST could be affected by various factors other than body
stiffness. Among the examinees over 60 years old, cases of
combined atrophic gastritis and hiatus hernia require longer ex-
amination time to survey the whole mucosa of the stomach
while keeping the lumen expanded enough. In addition, the
mucosa is often covered with mucus in cases of atrophic gastri-

▶Table 2 Characteristics of examinees and summary of the results.

Total EG16-K10 EG17-J10 P value

Number of examinees 313 104 209

Age (years) 63.1 ± 13.4 63.3 ±12.7 63.0 ± 13.8 0.4246

Sex (M/F) 181/132 64/40 117/92 0.4143

Sedation (Y/N) 208/105 (66.6%) 65/39 (62.5%) 143/66 (68.4%) 0.3586

TT (sec) 230.3 ±73.0 245.7 ±78.5 222.7 ±68.9 0.0042

ET (sec) 69.8 ± 24.5 76.0 ±24.1 66.7 ± 24.1 0.0008

GDT (sec) 50.3 ± 25.0 55.2 ±35.2 47.9 ± 17.4 0.0072

ST (sec) 110.2 ±51.1 114.5 ±50.1 108.1 ±51.5 0.1480

Number of pictures 36.2 ± 6.5 36.0 ±6.3 36.4 ± 6.6 0.3208

Biopsy (Y/N) 36/277 (11.5%) 11/93 (10.6%) 25/184 (12.0%) 0.8621

TT, total examination time; ET, esophageal insertion time; GDT, gastroduodenal insertion time; ST, surveillance time in the stomach.

▶Table 3 Comparison of examinees in the first and second halves of the study.

Early period Late period P value

Number of examinees 150 163

Age (years) 63.1 ±13.7 63.1 ±13.2 0.4877

Sex (M/F) 84/66 97/66 0.6076

Sedation (Y/N) 101/49 (67.3%) 107/56 (65.6%) 0.3586

Scope (EG16-K10/EG17-J10) 41/109 63/100 0.0451

TT (sec) 230.5 ±79.6 230.1 ±66.3 0.4763

ET (sec) 70.0 ±25.9 69.5 ±23.0 0.4285

GDT (sec) 51.6 ±31.3 49.2 ±17.4 0.1993

ST (sec) 109.0 ±53.3 111.4 ±49.0 0.3392

Number of pictures 35.2 ±6.3 37.2 ±6.5 0.0035

Biopsy (Y/N) 24/126 12/151 0.02672

TT, total examination time; ET, esophageal insertion time; GDT, gastroduodenal insertion time; ST, surveillance time in the stomach.
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▶Table 4 Comparison of examinees with and without sedation.

Sedation (yes) Sedation (no) P value

Number of examinees 208 105

Age (years) 62.8 ±13.3 63.7 ± 13.8 0.2933

Sex (M/F) 107/101 74/31 0.0019

Scope (EG16-K10/EG17-J10) 65/143 39/66 0.3586

Period (early/late) 101/107 49/56 0.8443

TT (sec) 228.7 ±70.8 233.5 ±77.0 0.2926

ET (sec) 68.4 ±23.2 72.6 ± 26.6 0.0725

GDT (sec) 50.0 ±27.7 50.9 ± 18.7 0.3801

ST (sec) 110.4 ±49.3 109.9 ±54.5 0.4735

Number of pictures 36.1 ±6.2 36.6 ± 7.0 0.3336

Biopsy (Y/N) 27/181 (13.0%) 9/96 (8.6%) 0.3336

TT, total examination time; ET, esophageal insertion time; GDT, gastroduodenal insertion time; ST, surveillance time in the stomach.

▶Table 5 Comparison of examinees older and younger than age 60 years.

Over 60 years Under 60 years P-value

Number of examinees 184 129

Age (years) 72.5 ± 7.0 49.6 ± 7.0 < 0.0001

Gender (M/F) 111/731 70/59 0.3407

Scope (EG16-K10/EG17-J10) 59/125 45/84 0.6898

Period (early/late) 88/96 62/67 1.0000

TT (sec) 235.4 ±76.1 223.1 ±67.7 0.0720

ET (sec) 70.7 ± 27.5 68.5 ± 19.2 0.2252

GDT (sec) 51.1 ± 28.4 49.2 ± 19.3 0.2595

ST (sec) 113.6 ±50.9 105.3 ±50.9 0.0795

Number of pictures 36.6 ± 6.9 35.7 ± 5.8 0.1072

Biopsy (Y/N) 28/156 (15.2%) 8/121 (6.2 %) 0.0226

TT, total examination time; ET, esophageal insertion time; GDT, gastroduodenal insertion time; ST, surveillance time in the stomach.

▶Table 6 Analysis of the impact of patient age and type of scope used on examination times.

EG16-K10 EG17-J10 P value

Age Over 60 years ET (sec) 78.6 ±27.9 66.9 ±26.5 0.0034

GDT (sec) 56.2 ±42.7 48.6 ±17.4 0.0453

ST (sec) 113.1 ±47.9 113.9 ±52.4 0.4581

Under 60 years ET (sec) 72.5 ±17.4 66.4 ±19.8 0.0451

GDT (sec) 53.9 ±21.6 46.7 ±17.4 0.0225

ST (sec) 116.4 ±52.8 99.4 ±48.8 0.0357

ET, esophageal insertion time; GDT, gastroduodenal insertion time; ST, surveillance time in the stomach.
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tis, which is removed by flushing water through the scope. For
such examinees, higher insufflation-suction power, higher re-
solution of CCD, and a thicker insertion tube might be prefer-
able to survey the lumen of the stomach in a shorter time.

In this study, we could not evaluate patient discomfort asso-
ciated with scope insertion because some examinees under-
went EGD using conscious sedation due to the style of our clin-
ical daily practice. In addition, all examinees underwent EGD
with transoral insertion. Therefore, we could not evaluate EGD
with transnasal insertion. Evaluation of discomfort using a visu-
al analog scale inr unsedated examinees undergoing both
transoral and transnasal insertion is preferable, although the
shorter examination time is obviously preferable to reduce dis-
comfort associated with EGD. The examination time may be a
surrogate marker for discomfort associated with EGD under
the controlled condition of oral insertion.

Undoubtedly, the final objective of surveillance EGD is to de-
tect all lesions that require treatment. Ultrathin endoscopes
were not equipped with high-resolution CCD a decade ago,
but they have now been significantly improved. In addition,
newly developed image-enhancement technology has become
available for ultrathin scopes [1–4]. In this study, we did not
evaluate the lesion detection rate, although we found that the
number of biopsies in examinees over 60 years old was signifi-
cantly higher than in examinees under 60 years old (▶Table 5).
Considering the prevalence rate for lesions in elderly people, ul-
trathin endoscopes may be suitable for detecting lesions that
require treatment.

The limitation of this study is its retrospective, single-institu-
tion design. Also, as mentioned above, we could not evaluate
patient discomfort associated with transnasal EGD. Future
studies are necessary to evaluate patient discomfort using a
visual analog scale and compare examination time in a larger
number of examinees.

Conclusion
In summary, this study demonstrated that use of an ultrathin
endoscope with tapered body stiffness can reduce examination
time by shortening insertion time. Although further analysis is
needed of the correlation between examination time and pa-
tient discomfort associated, results of EGD with ultrathin endo-
scopes with tapering body stiffness were acceptable to both pa-
tients and operators.
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