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INTRODUCTION

Endoscopic hand suturing (EHS) is a novel suturing meth-
od that allows optimal and secure intraluminal suturing.1,2 
In EHS for mucosal defects, the mucosal rim of the defect 
is continuously and linearly sutured using a transorally de-
livered needle and suture. Although EHS is expected to be a 
promising technique for the development of various advanced 
therapeutic endoscopies, it requires advanced technical skills 
and significant experience in puncturing the mucosa using 

the needle, optimally grasping the needle, and tightening the 
thread using a flexible endoscope; therefore, how to efficiently 
obtain these necessary skills is an issue to be addressed.

Technological advances in laparoscopic surgery have 
enabled the creation of stereoscopic videos or three-dimen-
sional (3D) images from conventional two-dimensional (2D) 
video images and have led to favorable results in the clinical 
settings.3,4 Recently, 3D flexible endoscopy has also been 
described and is expected to be useful for both endoscopic 
diagnosis5,6 and treatment.7-9 Thus, we hypothesized that 3D 
endoscopy can reliably enhance EHS performance compared 
with conventional 2D endoscopy and verified the usefulness 
of 3D endoscopy in EHS in an ex-vivo study.

MATERIALS AND METHODS

Participants
Four endoscopists (two certified and two non-certified) 

without prior EHS experience, were selected and provided 
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brief instruction by an EHS expert. A certified endoscopist was 
defined as a doctor with a license of specialist as authorized by 
the Japan Gastroenterological Endoscopy Society. Each endos-
copist performed EHS alternately under 2D or 3D conditions, 
with six sessions per condition sequentially, with one assistant 
having minimal EHS experience. The participants had not 
received any prior training. Written informed consent was 
provided by the participants prior to study initiation.

Endoscopy system
The endoscopy system used was identical to that used in 

surgery, which mainly included an EVIS EXERA III Video 
System Center, equipped with a 3D Visualisation Unit (CV190; 
Olympus Co., Ltd., Tokyo, Japan) and EVIS EXERA III Video 
Processor (3DV-190; Olympus). In these systems, switching 
from the 2D to the 3D mode and vice versa can be accom-
plished by pushing a button on the head of the endoscope. The 
3D images were visualized using a 3D monitor and 3D glasses, 
as described elsewhere.7-9

Endoscopic hand suturing settings and procedures
We prepared eight urethane pads designed for surgical 

skin suturing training (AS ONE Co., Osaka, Japan). Each pad 
could accommodate six sutures, and each suturing area had 10 
markings: five each on the right and left rows (Fig. 1A). The 
interval between successive markings was set at 5 mm. One 
pad was used per one condition (2D or 3D); thus, each partic-
ipant used two pads. The pads were placed in a multipurpose 
training box for flexible endoscopy using EHS.

EHS was performed using a GIF-Y0080 3D scope (Olym-
pus) equipped with a prototype flexible needle holder 
(Olympus) and 15-cm, 3–0 absorbable barbed V-Loc 180 
(VLOCL0604) sutures (Covidien, Mansfield, MA, USA), as 
described elsewhere.1,2 Briefly, a needle with a knot at the tail 
was inserted from the markings on the right row and pulled 
out from the markings on the left row (Supplementary vid-
eo 1), and the sutures were placed continuously and linearly 
from the distal to the proximal side (Fig. 1B). Any slack in the 
thread was appropriately tightened by directly grasping the 
thread with the needle holder. All procedures were recorded as 
videos.

Assessments and outcome measures
While reviewing the videos, we estimated the suturing time 

(sec/session) and number of errors (failure to grasp the needle, 
failure to grasp the thread, and puncture repetition). Next, the 
sutured pad was used to assess deviation distance, measured 
as the interval between the actual insertion/exit site and the 
marking where the needle should have passed.

The primary outcome measure was suturing time under 

two conditions (2D and 3D). The suturing time for each en-
doscopist, changes in suturing time, deviation distance, and 
error rate were also evaluated. Finally, subjective assessments 
among the endoscopists (degree of learning, interest, satisfac-
tion, self-confidence, difficulty, and eye strain) after the EHS 
procedure were also performed using a visual analog scale 
(VAS) scale, with scores ranging from 1 to 4 points (1: very 
bad, 2: bad, 3: good, 4: very good).

Statistical analyses
Because this phase I pilot study lacked a statistically cal-

culated sample size, the obtained data were shown with 95% 
confidence intervals (CIs). We analyzed the suturing time and 
error rates between the 2D and 3D groups using nonparamet-
ric statistic methods (Mann–Whitney U tests). Analyses were 
performed using the SPSS statistical software package version 
25 (IBM Co., New York, NY, USA).

RESULTS

Of 48 total sessions by four participants in the 2D and 3D 
conditions, EHS was successfully completed in all except 
for one 2D session (47/48 sessions; 98%) due to unexpected 
thread disconnection. We omitted data from this incomplete 
session during analyses and did not add a compensatory ses-

Fig. 1.  Ex-vivo settings of endoscopic hand suturing. (A) Locations of the 
markings on the urethane pad. Five markings at 5-mm intervals are linearly 
placed in both the right and left rows. (B) The pad after suturing. The suture 
needle is inserted from the marking point on the right row and pulled out 
from the marking point on the left row; this suturing is repeated five times per 
session.
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sion to avoid a possible learning effect from the incomplete 
session.

The mean suturing time was 9.8 ±3.4 min/session (95% 
CI, 8.4–11.2) in 3D, which was shorter than in that in 2D 
(11.2±5.1 min/session [95% CI, 8.9–13.4]), but this difference 
was not significant (p=0.23) (Fig. 2A). No participants showed 
a significant increase in their suturing speed in 3D compared 
to that in 2D (Fig. 2B). Similarly, no significant difference in 
suturing time was seen between the 3D and 2D conditions 
between certified and non-certified endoscopists (10.1 min/
session in 3D vs. 9.6 min/session in 2D, p=0.98; non-certified, 
9.5 min/session in 3D vs. 12.5 min/session in 2D, p=0.27) (Fig. 
2C).

Fig. 3 shows the changes in suturing time. All participants 
tended to suture faster under both conditions as their expe-
rience with EHS increased during the course of this study. 
Specifically, the suturing time decreased with less variation 
in 3D than in 2D (R=0.65 in 3D and 0.56 in 2D) (Fig. 3A, 
B). Furthermore, the mean suturing time in the first and last 
three sessions were 13.2 and 9.3 min/session in 2D (p=0.10) 
and 11.3 and 8.4 min/session in 3D (p=0.045), with the latter 
showing a significant reduction in the suturing time (Fig. 3C).

There was no apparent difference in deviation distance be-

Table 1.  Outcomes of Technical Accuracy in Endoscopic Hand Suturing

2D 3D p-value 

Deviation distance (mm) 11.1±4.1 11.4±5.6 0.84

Error rates (times)

   Fail to grasp of the needle 3.0±2.9 2.2±2.1 0.29

   Fail to grasp of the thread 0.8±1.5 0.3±0.5 0.11

   Retry of the puncture 2.0±2.1 1.5±1.1 0.28

Subjective assessments

   Degree of learning 3.0±0.0 3.3±0.5 0.39

   Interest 2.8±0.5 3.3±1.0 0.39

   Satisfaction 2.5±0.6 3.3±0.5 0.097

   Self-confidence 2.5±0.6 3.3±0.5 0.097

   Difficulty 2.3±0.5 2.5±1.0 0.67

   Eye strain 3.0±0.0 2.8±0.5 0.39

2D, two-dimensional condition; 3D, three-dimensional condition.

Fig. 2.  Suturing time during endoscopic hand suturing (EHS). (A) Comparison of suturing time (min/session) between two-dimensional (2D) and three-dimensional 
(3D) endoscopy showing a shorter time in 3D. (B) Comparison of suturing time for each endoscopist. (C) Among non-certified participants, EHS is completed faster in 
3D than in 2D. Bar: 95% confidence interval.

A B C

16

14

12

10

8

6

4

2

0
2D 3D

p=0.23

Su
tu

rin
g t

im
e (

m
in

)

25

20

15

10

5

0
Endoscopist A Endoscopist B Endoscopist C Endoscopist D

p=0.14 p=0.492

p=0.819

p=0.935

2D
3D

Su
tu

rin
g t

im
e (

m
in

)

25

20

15

10

5

0
Non-certified Certified

p=0.27

2D
3D

p=0.98

Su
tu

rin
g t

im
e (

m
in

)
Fig. 3.  Changes in suturing time. (A) Under two-dimensional (2D) conditions, the suturing time per session tends to decrease as the study proceeded. (B) The time 
also decreases in the three-dimensional (3D) condition, although the magnitude of change is less than that seen under 2D conditions. (C) Comparison of suturing 
times in the former and latter halves of the suture sessions showing a reduced time in the 3D condition. Bar: 95% confidence interval.
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tween the two conditions (Table 1). However, the error rates 
(failure to grasp the needle, failure thread the needle, and 
puncture retrial) in the 3D group were lower than those in 
the 2D group (Table 1). Concerning subjective assessments, 
we found no significant differences between the 2D and 3D 
groups in the degree of learning (3 vs. 3.25, p=0.39), interest 
(2.75 vs. 3.25, p =0.39), satisfaction (2.5 vs. 3.25, p =0.097), 
self-confidence (2.5 vs. 3.25, p=0.097), difficulty (2.25 vs. 2.5, 
p=0.67), and eye strain (3 vs. 2.75, p=0.39) (Table 1).

DISCUSSION

This ex-vivo pilot study investigated the usefulness of 3D 
endoscopy in EHS, a representative advanced endoscopic 
technique. The results demonstrated that 3D endoscopy facil-
itated EHS compared to 2D endoscopy as it reduced suturing 
time. 3D endoscopy facilitates stereoscopic depth recognition; 
therefore, endoscopists can easily grasp, set the direction, and 
insert the needle at an optimal angle in EHS.

Sakata et al.10 demonstrated that all laparoscopic tasks were 
faster in 3D than in 2D, with an approximately 30% reduction 
in completion time and that 3D endoscopy appeared to con-
tribute to time savings during endoscopic submucosal dissec-
tion in ex-vivo porcine models.8,9 We observed a 12% reduc-
tion in suturing time in EHS (from 11.2 to 9.8 min/session) in 
the present study, although the difference was not statistically 
significant. The lack of significant reduction may be due to 
the insufficient number of sessions and the difficulty of the 
task tested, as suturing involves tissue apposition requiring at 
least two stitches and tightening of the thread; continuing this 
procedure under flexible endoscopy is complicated and tech-
nically demanding. Furthermore, the artificial situation by the 
use of urethane pads may prevent smooth suturing compared 
to other conditions such as isolated/live porcine stomachs or 
even clinical settings. Therefore, the 12% reduction in suturing 
time under this condition is acceptable to demonstrate the ad-
vantage of 3D in EHS. In one endoscopist, the mean suturing 
time was shorter in 2D than that in 3D because the suture was 
accidentally cut when a slack part of the suture was pulled too 
strongly in one 3D session, which required extra time to retry 
the suturing.

3D endoscopy appears particularly helpful in novice endos-
copists. In general, repetitive training in endoscopic proce-
dures accelerates the improvement of these skills, which is also 
applicable to difficult and complicated techniques including 
EHS. In this study, by using 3D, even non-certified endosco-
pists performed EHS in comparable times to those of certified 
endoscopists. This finding implies that 3D may facilitate tech-

nically challenging procedures for less experienced endosco-
pists. Further study is needed to investigate the potential of 3D 
endoscopy to make advanced procedures accessible to endos-
copists with various degrees of technical skill.

Our data also showed a significant reduction in suturing 
time in the last three sessions of 3D endoscopy, suggesting a 
meaningful learning effect and implying that endoscopists 
can more efficiently acquire suturing skills using 3D viewing 
compared with 2D viewing when EHS is repeatedly per-
formed. A previous report also indicated that robotic surgery 
improves surgical performance and learning, especially with 
3D viewing.11 Taken together, these results indicate that the 
skills required for advanced endoscopic techniques can be 
obtained more quickly using 3D endoscopy; however, further 
assessment is needed.

Although the error rates were lower under the 3D condition 
than those under the 2D condition, we could not determine 
the improvement in the technical accuracy of EHS due to the 
lack of clear evidence. The lower error rates may have been 
because of better depth perception in the 3D view compared 
to that in the 2D view, as the former simulates an environment 
similar to the real world.

We evaluated the subjective assessment of endoscopists 
using the VAS scale (learning, interest, satisfaction, self-confi-
dence, difficulty, eye strain) and observed no significant differ-
ences between the two conditions. However, the relatively high 
scores for satisfaction and self-confidence in the 3D groups 
compared to those in the 2D groups may imply that 3D en-
doscopy is more accessible to endoscopists than conventional 
endoscopy.

The present study has several limitations. First, all partici-
pants always started the procedure with the 2D condition and 
performed suturing under either 2D or 3D alternately per 
session (1st, 2D; 2nd, 3D; 3rd, 2D; 4th, 3D, etc.). Therefore, a 
training effect by performing 2D first could be a bias in this 
study. Second, this was an ex-vivo pilot study under artificially 
provided conditions with a small number of sessions and par-
ticipants. A prospective comparative study in clinical settings 
with a large number of endoscopists and a statistically calculat-
ed sample size based on this preclinical pilot study is necessary 
to validate these preliminary results on the usefulness of 3D 
endoscopy in EHS.

In conclusion, our data suggest that 3D endoscopy may 
efficiently contribute to fast and accurate EHS and may be 
particularly helpful for novice endoscopists. Further clinical 
investigations are necessary to validate these results.
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