
Introduction
Colorectal cancer is the third most commonly diagnosed cancer
worldwide in males and the second in females as of 2012 [1].
Endoscopic mucosal resections (EMR) and conventional poly-
pectomy are performed to remove premalignant or superficial
lesions to reduce the incidence and mortality of colorectal can-
cer [2]. However, it is difficult to resect larger lesions (> 20mm)
en bloc [3]. Endoscopic submucosal dissection (ESD) for colo-
rectal neoplasms has become common in recent years. More
than 18 000 colorectal ESD procedures were performed in Ja-
pan between April 2014 and March 2015 [4]. ESD provides a
higher en bloc resection rate with a lower recurrence rate com-
pared with EMR [5]. However, colorectal ESD is considered
more difficult than gastric ESD because the colorectal wall is
thinner than in the stomach. Maneuverability of the endoscope
in the colon is also poor due to the presence of semilunar folds,
physiological flexion, peristalsis and respiratory movements.

Although various techniques and devices have been developed
in order to overcome these difficulties, colorectal ESD has not
become the standard approach except in East Asia [6, 7]. Fur-
thermore, standardization of the actual ESD procedure has not
been achieved yet. A simple and safe ESD technique is needed
to facilitate worldwide dissemination of the procedure for colo-
rectal ESD.

Laterally spreading tumors, non-granular type (LST-NG),
have a high frequency of submucosal invasion and fibrosis [8].
Therefore, en bloc resection with ESD should be used for LST-
NG [9]. ESD for LST-NG is recommended to be performed only
by endoscopists with advanced skills and extensive experience
with colorectal ESD [10, 11].

The pocket-creation method (PCM) is a new strategy for ESD
of superficial colorectal tumors [12, 13]. The key feature of the
PCM is creation of a large submucosal pocket using a small-ca-
liber-tip transparent hood and needle-type knife. The PCM
maintains a thick submucosal layer during the ESD procedure
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ABSTRACT
Background and study aims The pocket-creation method (PCM) is

a novel strategy for endoscopic submucosal dissection (ESD). The

aim of this study is to determine the efficacy of the PCM for colorec-

tal laterally spreading tumors, non-granular type (LST-NG).

Patients and methods The records of 126 consecutive patients

with colorectal LST-NG who underwent ESD between April 2012

and July 2015 were retrospectively reviewed. Patients were divided

into PCM (n=73) and conventional method (CM) (n=53) groups.

Results The en bloc resection rate in the PCM group was signifi-

cantly higher than in the CM group (100% [73/73] vs. 92% [49/53],

P=0.03). The en bloc resection rate with severe fibrosis was higher in

the PCM group than in the CM group (100% [3/3] vs. 60% [3/5]). The

R0 resection rate for the two groups was not statistically significant-

ly different (93% [68/73] vs. 91% [48/53], P=0.74). The perforation

rate in the PCM group was lower than in the CM group although not

statistically significantly less (0% 0/73 vs. 4% 2/53, P=0.18). For le-

sions resected en bloc, dissection speed for the PCM group was sig-

nificantly faster than for the CM group (median [IQR], 19 [13 –24] vs.

14 [10 – 22]mm2/min, P=0.03).

Conclusion ESD using PCM achieves a reliable and safe resection of

colorectal LST-NG.
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because a minimal incision prevents dispersion of injected
fluid. The tip of the endoscope in the submucosal pocket facil-
itates tissue traction, resulting in keeping the direction parallel
to the muscularis [6]. However, there are no reports comparing
the safety and efficacy of the PCM with conventional methods
of resection. The aim of this study is to evaluate the usefulness
of the PCM for colorectal LST-NG compared with the conven-
tional method (CM).

Patients and methods
A total of 477 colorectal tumors in 460 patients were resected
using ESD between April 2012 and July 2015at Jichi Medical
University Hospital. LST is defined as a flat neoplastic lesion lar-
ger than 10mm. LST is divided into two types based on endo-
scopic findings. The first type, laterally spreading tumors gran-
ular type (LST-G), has nodules or granules on the lesion, while
LST-NG has a smooth surface without nodules or granules. Fur-
thermore, LST-NG is divided into two subtypes, the pseudo-de-
pressed type (LST-NG-PD) and the flat-elevated type (LST-NG-
F). The medical records of 331 consecutive patients with 344
colorectal LST were retrospectively reviewed. Two hundred
LST-G lesions in 196 patients were excluded. Patients with re-
currence after EMR were included in this study. Seven LST-NG
lesions resected using the tunneling method and two LST-NG
lesions resected using the hybrid ESD technique were excluded.
Five patients had two LST-NG lesions resected and two patients
had three LST-NG lesions. In patients with multiple lesions, only
the first resected lesion is included in this study. Finally, a total
of 126 LST-NG lesions in 126 patients were enrolled in this
study (▶Fig. 1). Of these, 73 lesions were removed using the
PCM and 53 lesions were removed using the CM. Written in-

formed consent for ESD of the colorectal lesions was obtained
from all patients. This study was approved by the Institutional
Review Board of Jichi Medical University Hospital.

Method of colorectal ESD

All patients were admitted before undergoing ESD. Bowel prep-
aration was performed using 10mL of oral 0.75% sodium pico-
sulfate on the night before the procedure and 2 L of polyethy-
lene glycol electrolyte solution on the day of the ESD proce-
dure. When the stool became watery and clear, bowel prepara-
tion was considered complete even if 2 L of polyethylene glycol
solution had not been taken. If the stools were not watery and
clear after this, a further 1 to 2 L of polyethylene glycol electro-
lyte solution or 0.9 to 1.8 L of isotonic magnesium citrate solu-
tion were administered [14]. Midazolam and pethidine were
used for sedation in most patients, and timepidium bromide
hydrate or glucagon was used to decrease colonic peristalsis.
All ESD procedures were performed using the CM from April
2012 to June 2013 during the study period. PCM was first per-
formed in July 2013. After that, the method used to perform
the ESD was decided by the physician in charge. If the ESD was
performed by a trainee, at least 20 lesions had to have been re-
sected with direct supervision by expert endoscopists.

Endoscopic system and devices

An endoscope with a waterjet instrument (EC-580RD/M; Fuji-
film, Tokyo, Japan), carbon dioxide insufflation, and a small-ca-
liber tip transparent (ST) hood (DH-15GR or DH-28GR; Fujifilm)
fitted to the tip of the endoscope were used. When adequate
maneuverability could not be maintained using a standard co-
lonoscope, we used a balloon-assisted endoscope (EC-450BI5
and TS-13101; Fujifilm). For submucosal injection, 0.4% so-
dium hyaluronate solution (MucoUp; Seikagaku, Tokyo, Japan)
with 0.002%–0.004% indigo carmine and 0.001% epinephrine
was used. The mucosal incision and submucosal dissection
were performed by using a Flush knife BT (DK2618JB-15; Fuji-
film) or a DualKnife (KD-650Q; Olympus, Tokyo, Japan). Hot he-
mostatic forceps (HOYA Corporation, Tokyo, Japan) were used
to control bleeding. A VIO300D (ERBE Elektromedizin GmbH,
Tübingen, Germany) electrosurgical generator was used. The
mucosal incision was made with Endo-Cut I (effect, 1; duration,
4; interval, 1). Submucosal dissection was done using swift co-
agulation (effect 4, 25W). Hemostasis was done with soft coag-
ulation (effect 4, 80W) [14].

Conventional method (CM) [15] (▶Fig. 2)

First, the sodium hyaluronate solution with indigo carmine and
epinephrine was injected into the submucosal layer under the
lesion and the surrounding normal mucosa, which induced
thickening of the submucosal layer and elevation of the lesion.
An initial mucosal incision was made for at least one-quarter of
the circumference approximately 5mm from the distal side of
the tumor. Then, submucosal dissection was performed from
the distal to the proximal edge of the tumor. After dissecting
all initial mucosal incision areas, additional mucosal incisions
and submucosal dissection were repeated toward the proximal
side.

477 colorectal ESD (from April 2012 to July 2015) (460 patients)

344 LST lesions (331 patients)

144 LST-NG lesions (135 patients)

135 LST-NG lesions (126 patients)

Conventional method (CM) 
n = 53

Pocket-creation method (PCM) 
n = 73

124 non-LST lesions 
(118 patients)

200 LST-G lesions 
(196 patients)

9 LST-NG lesions other than 
those resceted first

7 LST-NG lesions resected 
tunneling method and

2 LST-NG lesions resected 
hybrid ESD

▶ Fig. 1 Flow chart of the study.
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Pocket-creation method (PCM) [13]
(▶Fig. 3, ▶Video 1)

Submucosal injection was performed in the same manner as for
the CM (above). An initial mucosal incision was made approxi-
mately 20mm in length approximately 10mm from the distal
side of the tumor. Submucosal dissection was performed to
make a pocket in the submucosal layer by inserting the tip of
the endoscope with the ST hood under the mucosal tumor.
The major difference from the CM is completion of the submu-
cosal dissection under the lesion with a minimal mucosal inci-
sion in the PCM. After creation of a submucosal pocket under
the tumor, an additional mucosal incision and submucosal dis-
section were made to open the lower side (based on the direc-
tion of gravity) of the pocket in a step-by-step manner toward
the proximal side. Finally, a mucosal incision and submucosal
dissection of the upper side were made in the same manner.

Evaluation of colorectal ESD

During the procedures, the presence and extent of submucosal
fibrosis were assessed according to a previously reported sys-
tem [16–18]. The classifications include: F0, no fibrosis, seen
as a blue transparent submucosal layer; F1, mild fibrosis, which
manifests as a white web-like structure in the blue submucosal
layer; and F2, severe fibrosis, which is observed as a white struc-
ture without a blue transparent layer between the mucosal lay-
er and the muscularis. Since the appearance of a white struc-

ture is similar to the muscularis, it is difficult to distinguish
from the muscularis.

After resection, we evaluated the size, shape, location, dis-
section time, and pathological findings for each lesion. The
area of the resected specimen (mm2) was calculated using the
following formula:

Area =Major axis (mm) / 2×Minor axis (mm) / 2×3.14 [14]
The dissection time (minutes) was defined from the start of

cutting the mucosa to completion of the resection. The dissec-
tion speed (mm2/min) was calculated by using the area of the
resected specimen (mm2)/dissection time (minutes) [14]. En
bloc resection was defined as a tumor removed as a single
piece. R0 resection was defined as en bloc resection with pa-
thologically negative resection margins. The definition of per-
foration included perforations both during and after the ESD
procedure. Postoperative bleeding was defined as overt bleed-
ing within 14 days after ESD requiring endoscopic hemostasis
[14].

Statistical analysis

Statistical analysis was performed using EZR (version 1.32, Sai-
tama Medical Center, Jichi Medical University, Saitama, Japan)
[19]. Continuous variables were analyzed with the Student’s t
test or the Mann-Whitney U test and categorical data were
compared using the Fisher’s exact test. The impact of potential
confounding factors was evaluated by using logistic regression
analysis. All clinically important variables were included in the

▶ Fig. 2 Sequence for the conventional method (CM) of colorectal endoscopic submucosal dissection [15]. First, 0.4% sodium hyaluronate so-
lution is injected into the submucosal layer under the lesion and the surrounding normal mucosa. a An initial mucosal incision is made for at least
one-quarter of the circumference and approximately 5mm from the distal side. b Submucosal dissection is performed by sliding the knife from
the center toward the side. c Making an additional mucosal incision in a step-by-step manner toward the proximal side. d Dissection of the in-
cised area in the same manner. e Incision and dissection of the remaining area. f Completion of the en bloc resection.
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multivariate analysis. Differences were considered statistically
significant with a P value <0.05.

Results
Seventy-three lesions were removed using the PCM and 53 le-
sions were removed using the CM (▶Table 1). All procedures
were completed using the method (CM or PCM) selected at
the start of the procedure. Patients in the PCM group had a sig-
nificantly higher age than in the CM group (mean± SD, 68.9 ±
8.2 vs. 64.8±10.8 years, P=0.02). Use of the balloon-assisted
endoscope was not significantly different when comparing the
PCM and CM groups (11% [8/73], vs. 11% [6/53]). The number

of procedures performed by expert endoscopists was not sig-
nificantly different in the two groups (68% [50/73], vs. 75%
[40/53]) (▶Table2). Univariate analysis of preprocedure clini-
cal characteristics of the two groups revealed that LST-NG-PD
were resected more often using the PCM than the CM (45%
[33/73], vs. 26% [14/53], P=0.04). Multivariate analysis identi-
fied that LST-NG-PD was significantly associated with selecting
the PCM (▶Table3).

The en bloc resection rate in the PCM group was significantly
higher than in the CM group (100% [73/73] vs. 92% [49/53], P=
0.03). The en bloc resection rate of the CM group in patients
with severe fibrosis (F2) was notably lower compared to the
PCM group (60% [3/5]). The R0 resection rate was not statisti-
cally significantly different between the two groups (PCM 93%
[68/73] vs. CM 91% [58/53], P=0.74). Postoperative bleeding
occurred after resection of one lesion in the PCM group and
after two lesions in the CM group (1% [1/73] vs. 4% [2/53], P=
0.57). Although there were no perforations in the PCM group,
two perforations occurred during the procedure in the CM
group. Both of these were successfully treated by endoscopic
clip application and antibiotics (0% [0/73] vs. 4% [2/53], P=
0.18). Of the lesions resected en bloc, dissection speed in the
PCM group was significantly faster than in the CM group (medi-
an [IQR], 19 [13 –24] vs. 14 [10 – 22]mm2/min, P=0.03).

Discussion
This study shows that the PCM enables high-quality and safe
colorectal ESD for laterally spreading tumors, non-granular
type. We achieved a 100% en bloc resection rate without per-

VIDEO 1

▶Video 1: Sequence for the pocket-creation method (PCM) of
colorectal endoscopic submucosal dissection.

▶ Fig. 3 Sequence for the pocket-creation method (PCM) of colorectal endoscopic submucosal dissection [13] (see also ▶Video 1). a An initial
mucosal incision is made approximately 20mm in length approximately 10mm from the distal side of the tumor after submucosal injection.
b, c Creation of a submucosal pocket under most of the tumor. d Opening the lower side of the pocket in a step-by-step manner toward the
proximal side. e Dissection of the remaining area in the same manner. f Completion of the en bloc resection.
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forations using the PCM. ESD was accomplished more quickly
using the PCM than the CM.

LST-NG are frequently accompanied by multifocal submuco-
sal invasion, the foci of which are often difficult to predict [8].
According to the 2014 Japanese Society for Cancer of the Colon
and Rectum (JSCCR) Guidelines for the Treatment of Colorectal
Cancer [20], if any of the following findings are observed during
histological examination of an endoscopically resected speci-

men, surgical resection should be considered for additional
treatment: (1) vertical tumor margin positive; (2) submucosal
(SM) invasion depth ≥1000μm; (3) vascular invasion positive;
(4) poorly differentiated adenocarcinoma, signet-ring cell car-
cinoma, or mucinous carcinoma; (5) tumor budding grade 2 or
3 at the site of deepest invasion [21]. Therefore, en bloc resec-
tion is required in order to obtain an accurate pathological eval-
uation. However, if the resected submucosal layer is insufficient

▶Table 1 Clinical characteristics of patients and lesions.

Pocket-creation method Conventional method P value

Number of lesions 73 53

Age, mean± SD, years 68.9 ±8.2 64.8 ±10.8 0.02

Age≥65 years, n (%) 50 (68) 30 (57) 0.19

Gender, male:female, n (%) 53 (73):20 (27) 40 (75):13 (25) 0.84

Tumor location, n (%) 0.83

Right colon 40 (55) 32 (60)

Left colon 25 (34) 16 (30)

Rectum  8 (11)  5 (9)

Macroscopic type, n (%) 0.04

Flat-elevated type 40 (55) 39 (74)

Pseudo-depressed type 33 (45) 14 (26)

Tumor diameter, median (IQR), mm 27 (21–32) 25 (20–33) 0.40

Tumor diameter≥30mm, n (%) 26 (36) 17 (32) 0.85

Expert endoscopist performed, n (%) 50 (68) 40 (75) 0.43

Prior biopsy, n (%) 31 (42) 16 (30) 0.19

Residual tumor, n (%)  2 (3)  1 (2) 1.00

Submucosal fibrosis, n (%) 0.38

F0 (none) 21 (29) 17 (32)

F1 (mild) 49 (67) 31 (58)

F2 (severe)  3 (4)  5 (9)

Hyaluronic acid solution injected, median (IQR), mL 39 (30–56) 34 (27–58) 0.32

Balloon assisted endoscopy used, n (%)  8 (11)  6 (11) 1.00

Pathological findings, n (%) 0.40

Adenoma 20 (27) 58 (79) 25 (47) 38 (72)

Intramucosal carcinoma 38 (52) 13 (25)

Slightly invasive ( < 1000μm) submucosal carcinoma 11 (15) 15 (21) 10 (19) 15 (28)

Deeply invasive (≥1000μm) submucosal carcinoma  4 (5)  5 (9)

En bloc resection, n (%, 95%CI) 73 (100, 96–100) 49 (92, 82–98) 0.03

R0 resection, n (%, 95%CI) 68 (93, 85–98) 48 (91, 79–97) 0.74

Bleeding, n (%, 95%CI)  1 (1, 0–7)  2 (4, 1–13) 0.57

Perforation, n (%, 95%CI)  0 (0, 0–4)  2 (4, 1–13) 0.18

Dissection speed, median (IQR), mm2/min 19 (13–24) 14 (10–22) 0.03

IQR, interquartile range; SD, standard deviation; CI, confidence interval.

Sakamoto Hirotsugu et al. Pocket-creation method facilitates… Endoscopy International Open 2017; 05: EE123–EE129 E127



or damaged by thermocoagulation in the resected specimen, it
is difficult to make an exact pathological diagnosis. The PCM fa-
cilitates recognition of the muscularis and tangential approach
to the muscularis, resulting in a safe and appropriate dissection
line just above the muscularis [13]. This facilitates obtaining a
high quality pathology specimen with a thick submucosal layer.

In this study, dissection speed in the PCM group was also sig-
nificantly faster than in the CM group.One explanation for the
fast dissection speed is that the PCM facilitates a tangential ap-
proach regardless of the location. Imai et al. reported that the
presence of an underlying semilunar fold was one of the inde-
pendent predictors of failure of en bloc resection or incidence
of perforation [22]. One of the reasons for this difficulty is that
the angle of the mucosal layer is dramatically changed on a
semilunar fold. However, an operator using the PCM can main-
tain a safe tangential approach to the muscularis just like chan-
ging the direction of a jacket pocket using one’s hands. Even if
the muscularis is approached vertically, the vertical approach
can be changed to a tangential approach by inserting the tip
of the endoscope into the pocket [13]. Once the tip of the
endoscope is inserted into the submucosal layer, it is sponta-
neously fixed. The fixed tip of the endoscope with a transparent
hood easily provides traction and counter-traction, resulting in
a rapid submucosal dissection with clear visualization of the
muscularis [6].

Takeuchi et al. reported that poor lifting after submucosal
injection is the risk factor most commonly associated with
technical difficulties and adverse events during colorectal ESD
[11]. Poor lifting after submucosal injection is associated with
fibrosis in the submucosal layer. One of the reasons for this dif-
ficulty is the dispersion of the injected fluid after making a
semi-circumferential mucosal incision when using the CM.
However, when performing the PCM, injected fluid maintains
elevation of the submucosal layer for a long time because the
minimal mucosal incision prevents fluid dispersion. Rectal tu-
mors extending to the dentate line are considered difficult to
remove endoscopically because of the narrow lumen and the
difficulty associated with a tangential approach [22]. The PCM
can overcome these difficulties without a reversal operation. In
that case, it is important to perform sufficient intrarectal de-
gassing.

The feasibility of endoscopic submucosal tunnel dissection
for esophageal tumors has been reported [23, 24]. Endoscopic
submucosal tunnel dissection uses dissection in the submuco-
sal layer in a long cylindrical manner and not a complete ESD
strategy, including the manner and sequence of mucosal inci-
sion. It is useful for performing ESD in a structure with a narrow
linear lumen such as the esophagus. The PCM not only includes
dissection to create a wide pocket under the lesion after mini-
mal mucosal incision, but also includes the ESD strategy with an
additional mucosal incision from the lower to upper side, with
gravity as a guide. Therefore, the PCM can be used in organs
with complex, wide structures such as the stomach and color-
ectum.

We currently perform ESD for all types of colorectal lesions
using the PCM, and have already reported the feasibility of
using ESD for subpedunculated colorectal neoplastic lesions
[12]. We have been able to carry out ESD of colorectal LST gran-
ular types safely. However, it is difficult to clarify the usefulness
of the PCM for colorectal subpedunculated neoplastic lesions
and LST granular types statistically. This may be partially due
to the small number of colorectal subpedunculated neoplastic
lesions. ESD of colorectal LST granular type lesions was easier
than for LST-NG. Generally, most LST granular type lesions
have no significant fibrosis.

Colorectal ESD is considered to be an advanced endoscopic
technique which is difficult in the colon because of its thin wall
and complex folds. In most institutions, only a few well trained
endoscopists can perform colorectal ESD. In our institution,
endoscopy trainees are able to perform colorectal ESD through
the establishment of the PCM as a safe and uniform therapeutic
strategy. In this study, ESD of colorectal LST-NG using PCM pro-
vides satisfactory outcomes even when performed by trainee
endoscopists.

This study has several limitations. First, this is a retrospective
study. Use of the PCM tended to be selected during the latter
part of the study period. There is a possibility that performance
improved with increased experience over time. Second, this is a
single-center study. The results may not be generalizable be-
cause the endoscopist in this study had extensive experience

▶Table 2 Procedural experience of each endoscopist.

Experience with

colorectal ESD

before this study

period (number

of lesions)

Number

of endos-

copists

(n =13)

Number of

PCM in the

study period

(n=73)

Number of

CM in the

study

period

(n =53)

≥50 6 50 40

10– 49 3 19 11

<10 4  4  2

ESD, endoscopic submucosal dissection; PCM, pocket-creation method; CM,
conventional method.

▶Table 3 Impact of pretreatment factors on selecting the pocket-
creation method (multivariate analysis).

Odds

ratio

95% confi-

dence interval

P value

Age ≥65 years 1.65 (0.76–3.61) 0.21

Female 1.26 (0.53–3.01) 0.61

Location: right colon 0.80 (0.37–1.74) 0.57

Pseudo-depressed type 2.72 (1.18–6.27) 0.02

Tumor diameter ≥30mm 1.43 (0.63–3.22) 0.39

Expert endoscopist
performed

0.73 (0.33–1.63) 0.44

Prior biopsy 2.14 (0.96–4.80) 0.06

Residual tumor 1.29 (0.11–15.6) 0.84
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with colorectal ESD. Less-experienced endoscopists who parti-
cipated in this study had on-site assistance from highly experi-
enced experts in performing colorectal ESD. Third, this study
does not include an evaluation of long-term outcomes.

In conclusion, ESD using the PCM achieves reliably efficient
resection of colorectal LST-NG. The PCM has the potential to
become the standard approach for colorectal ESD. The findings
in this retrospective review justify a future prospective multi-
center study using the PCM for the resection of colorectal ESD.
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