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Abstract. Endoscopic submucosal dissection (ESD) has
been used to treat patients with early gastric cancer (EGC).
Although several endoscopic devices have been developed to
ensure easy and safe ESD, this technique still requires an
experienced, highly skilled endoscopist, as it is performed
through a single gastroscope, thus requiring one-handed
surgical techniques. To overcome these limitations, many
ESD procedures with counter-traction have been developed,
such as the double scope, double channel scope, clip with
line, magnetic anchor, percutaneous traction and external
grasping forceps methods. We devised a double endoscopic
intraluminal operation (DEILO). Two endoscopes were
simultaneously inserted into the stomach. One endoscope
was used to lift the lesion, and the other was used to excise
the lesion. The DEILO procedure was performed on 122
cases of EGC. In this article, we report the efficacy and
safety of DEILO in patients with EGC.

Endoscopic submucosal dissection (ESD) has been widely used
in Japan and many countries as an alternative to endoscopic
mucosal resection (EMR) for the treatment of early gastric
cancer (EGC). ESD is the standard treatment for differentiated
gastric adenocarcinomas without ulceration, which are clinically
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diagnosed as T1a (tumor invasion up to the muscularis e
mucosae), and have a diameter of <2 cm [Japanese Gastric
Cancer Treatment Guidelines 2010 (ver. 3) (1)]. In addition,
Gotoda et al. evaluated a large database containing information
on more than 5,000 patients who had undergone gastrectomy
plus lymph node dissection, and determined the risk of lymph
node metastasis in different groups of patients with EGC,
outlining the need for accurate histological evaluation of resected
specimens in order to avoid the recurrence of such lesions (2).
Endoscopic procedures for the resection of EGCs must be
safe, effective, and applicable in a wide range of clinical
situations. Although several endoscopic devices have been
developed to make ESD easier and safer, the technique still
requires an experienced, highly skilled endoscopist as it is
performed through a single gastroscope and requires onehanded surgical techniques (3, 4). Surgeons normally prefer
to employ a two-handed technique, as in conventional open
and laparoscopic surgery. However, in ESD, the assistant
finds it difficult to support the procedure using their left
hand, and counter-traction is therefore difficult to achieve.
The double endoscopic intraluminal operation (DEILO) was
developed to enable the use of two hands. In 2004 and 2010,
we reported the application of DEILO to the resection of
esophageal and gastric tumors (5, 6). The use of two fine
endoscopes allows easy dissection of lesions in the lumen of
both the esophagus and stomach. Here we report the
effectiveness and safety of DEILO in patients with EGC, and
review the methods for ESD with traction.

Patients and Methods

Indications for endoscopic treatment. From 1999 to 2015, at the
Department of General Surgical Science, Gunma University
Hospital, a total of 122 EGCs treated with DEILO were included in
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Table I. Characteristics of the tumors included in the study.
Tumor location, n (%)
Upper third
Middle third
Lower third
Macroscopic type, n (%)*
Protruded (0-I)
Superficially elevated (0-IIa)
Flat (0-IIb)
Superficially depressed (0-IIc)
Depth of tumor invasion, n (%)
Mucosa
Submucosa
Histological type, n (%)
Well-differentiated
Moderately differentiated
Poorly differentiated
Mean tumor size (range), cm

Cases (n=122)
19 (15.6%)
40 (32.8%)
63 (51.6%)

5 (4.1%)
58 (47.5%)
11 (9.0%)
48 (39.3%)

102 (83.6%)
20 (16.4%)

95 (77.9%)
16 (13.1%)
11 (9.0%)
1.8 (0.2-4.2)

*According to Japanese Classification of Gastric Carcinoma (7).

this study. The clinicopathological characteristics of the 122 tumors
are shown in Table I. Of the 122 tumors, only 19 were in the upper
third of the stomach. Histopathologic diagnosis showed that the
depth of tumor invasion was intramucosal in the majority of tumors,
with submucosal infiltration in 20 tumors. One-hundred and eleven
tumors were differentiated type adenocarcinoma.
The following standard indications for ESD were proposed by the
Japanese Gastric Cancer Association: differentiated adenocarcinoma,
intramucosal cancer, lesion <2 cm, and no ulceration (1). Lesions
that meet all these indications are considered to present a negligible
risk of lymph node metastasis (1, 2). We extended the indications for
DEILO, which were based on the treatment guidelines for gastric
cancer in Japan, to include the following: intramucosal cancer;
differentiated adenocarcinoma, including nonulcerated lesions
(regardless of size), or ulcerated lesions <3 cm; and undifferentiated
nonulcerated adenocarcinoma <2 cm. Therefore, for this study, a
surgeon and gastroenterologist performed a preoperative endoscopic
assessment on every patient to confirm the histological type based
on biopsy specimens and measured the sizes of tumors using forceps.
Endoscopic ultrasound was used to determine the depth and size of
the tumor, as well as the extent of cancer invasion.
The study was approved by the Institutional Review Board of
Gunma University Hospital (approval no. 1263). The aims and
methods of the study were fully explained to the participants, and
written informed consent was obtained from all patients.

DEILO technique. The DEILO technique has been described in detail
previously (5, 6). All treatments were performed with the patient
under general anesthesia. Airway management consisted of nasal
insertion of an endotracheal tube to secure ventilation and to protect
against intraoperative aspiration and postoperative pneumonia. Two
gastrointestinal endoscopes were inserted orally for DEILO, which
allowed a more thorough procedure than diagnostic endoscopy. The
first endoscope was a GIF-Q260J (Olympus Co., Ltd., Tokyo, Japan),
which has an outer diameter of 9.2 mm with a disposable attachment
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Figure 1. Schema of DEILO procedure. The second endoscope is
inserted into the stomach, and the edge of the lesion is grasped and
lifted with the grasping forceps.

(D-201-11804; Olympus). The second endoscope was a GIF-XP240
(Olympus), with an outer diameter of 7.7 mm. An indigo carmine
solution was sprayed onto the mucosa, and the mucosal surface
surrounding the margin of the lesion was carefully marked using the
tip of an electrosurgical hook knife (KD 620LR; Olympus) with
electrocautery and a Q260J endoscope. Regions 2 mm from the
margin of the lesion were marked, and 0.4% hyaluronic acid
(MucoUp; Johnson & Johnson, Tokyo, Japan) mixed with epinephrine
and indigo carmine was injected into the submucosa to elevate the
lesion. A circumferential mucosal incision was made around the
lesion using an insulation-tipped (IT) knife 2 (Olympus) or a hook
knife. Submucosal dissection was performed adequately with the
Q260J scope at the portion of tissue grasped by forceps.
The XP240 endoscope was inserted into the stomach, and the
edge of the lesion was elevated using grasping forceps (FG-4L-1;
Olympus). This traction provided a clear view of the cutting plane
and the tissue to be dissected (Figures 1 and 2). The resected
specimen was retrieved using grasping forceps inserted from the
XP240 endoscope. The important techniques required for DEILO
include grasping and pulling the tissue with the forceps, and then
excising the mucosa using a hook knife or an IT knife 2 and
hemostatic forceps (FD-410LR; Coagrasper, Olympus).

Histological assessment of the resected specimen. The resected
specimen was spread and fastened to a rubber plate using fine
needles and then bathed in 10% formalin solution. Each specimen
was cut into 2-mm slices according to the standards of the Japanese
Classification of Gastric Carcinoma (7). Each slice was processed
for histopathological assessment of the histological characteristics
of the tumor, depth of invasion, presence or absence of lymphatic
or venous invasion, and completeness of resection.

Results

For 119 out of the 122 (97.5%) tumors, the DEILO
procedure was performed successfully, and en bloc resection
was achieved. Three lesions could not be resected en bloc
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Figure 2. Intraoperative findings. a: The submucosa can be seen after lifting the mucosa with the grasping forceps, which were passed through the
biopsy channel of the second endoscope. b: The submucosal layer is dissected under direct visualization.

because of ulceration or tumor location, two on the lesser
curvature in the upper portion of the stomach, and one the
anterior wall in the middle portion of the stomach. The mean
operative time for DEILO was 70.9 (range=20-207) minutes.
The mean length of the postoperative hospital stay was 4
days. Three patients (2.5%) sustained postoperative
hemorrhage at 5, 6, and 6.5 h after the DEILO procedure,
and the bleeding was successfully treated by placement of
metallic clips or coagulation of the bleeding vessels (Table
II). The lesions of the patients sustaining hemorrhage were
on the greater curvature and the posterior wall in the middle
portion, and the lesser curvature in the upper portion of the
gastric body. The rate of perforation from DEILO was 3.3%
(4/122). All patients sustaining perforation were successfully
treated nonsurgically using a combination of fasting,
nasogastric tube drainage, proton pump inhibitors, and
broad-spectrum antibiotics (Table II). Emergency surgery
was not needed in any case.
The assessment of histological curability is summarized
in Table II. Histopathologically, curative resection was
achieved for 106 lesions (86.9%). The median follow-up
period was 24 months. Two patients were found to have local
recurrence 15 and 19 months after DEILO, respectively. The
resections performed for these patients were histologically
incomplete.

Discussion

ESD is a safe, convenient, effective, and minimally invasive
technique. However, ESD is technically difficult for large
lesions. Because standard ESD is performed under direct
vision using a cutting knife, the endoscopist’s vision is
obscured near the end of the procedure, when only a thin rim

Table II. Clinical outcomes for all patients included in the study.
En bloc resection, n (%)
Median treatment time (range), min
Mean postoperative hospital stay (range), days
Complications, n (%)
Postoperative bleeding
Perforation
Pneumonia
Histological assessment of curability, n (%)
Curative resection
Non-curative resection
Local recurrence, n (%)

Cases (n=122)
119 (97.5%)
70.9 (20-207)
4 (1-10)
3 (2.5%)
4 (3.3%)
0 (0%)

106 (86.9%)
16 (13.1%)
2 (1.6%)

is attached to the submucosa. In addition, the dissected
mucosa frequently cannot be stabilized; thus, the cutting line
and inadvertent cutting of the submucosal layer may not be
identified accurately. Although many types of ESD methods
with traction have been reported, each method has its
advantages and disadvantages (8).

The double scope method. We reported the effectiveness and
feasibility of DEILO in 2004 and 2010 (5, 6). DEILO was
developed to enable the use of two hands. DEILO refers to
intraluminal surgery performed in the esophagus and stomach
using two endoscopes inserted through the oral cavity. One
benefit of DEILO is that the mucosal layer can be easily
grasped and lifted using the grasping forceps to cut and
directly visualize the submucosal layer. Double endoscopy
allows the operator to apply the appropriate amount of
345
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tension to the submucosa to facilitate dissection and shortens
the operating time. The technique can be applied to lesions
in different areas of the stomach, and traction can be added
easily, as needed. Furthermore, this procedure also enables
easy releasing and regrasping of the lesion with the forceps
if the traction is not sufficient. However, this method requires
two light sources, two endoscopists, and two assistants.
Several other methods using double endoscopes have also
been reported. Morita et al. described a double endoscope
method, which required two light sources and an overtube
with two channels to prevent interaction between the two
endoscopes (9). Higuchi et al. reported another method,
which required only one light source that could be transferred
between two endoscopes, eliminating the problem of optical
interference (10). Ahn et al. reported a thin trans-nasal
endoscope-assisted ESD procedure. They reported that nasal
bleeding due to trans-nasal access occurred too easily (11).

The double channel scope method. Yonezawa et al. (12),
Neuhaus et al. (13), and Lee et al. (14) reported ESD using
an R-scope, which has two movable instrument channels: one
moving a pair of grasping forceps vertically for lesions with
traction, and the other swinging a cutting device horizontally
for dissection. Since the grasping forceps are inserted through
the endoscope, they move synchronously with the endoscope,
sometimes making it difficult to control the traction direction.
Furthermore, a double-channel scope is thicker, heavier, and
more difficult to manipulate than a single-channel scope.

The clip with line method. Oyama et al. (15), Jeon et al. (16),
Li et al. (17), and Ota et al. (18) reported the clip with line
method, which is a simple, easy, and useful method for
achieving traction. A long silk line is tied to the clip, the
submucosal side of the lesion is grasped and the line is
pulled. This method creates a clear field of vision. However,
the direction of traction is limited.

The magnetic anchor method. Kobayashi et al. (19) and
Gotoda et al. (20) reported a magnetic anchor method. A
magnetic anchor with magnetic weight and microforceps is
placed at the edge of the lesion. Dissection is performed with
suitable traction by using a high-power electromagnet placed
outside the body. However, this method requires large and
expensive instruments and systems.
The percutaneous traction method. Kondo et al. described
percutaneous traction-assisted EMR (21), which requires a
laparoscopic port with a trocar. A small snare is inserted into the
gastric lumen through a port to grasp and pull the lesion. von
Delius et al. reported on similar methods using a percutaneous
endoscopic gastrostomy (PEG) minitrocar (22). The wire, which
was fixed on the edge of the resected lesion, was pulled out
through the PEG and applied tension on the submucosa.
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Nishiwaki et al. reported transgastrostomic endoscopy-assisted
ESD (23). A small-caliber endoscope was inserted through the
mature gastrostomy, and the edge of the resecting lesion was
grasped to apply the traction. However, these methods cannot
be used for lesions on the anterior wall of the stomach.

External grasping forceps method. Imaeda et al. reported
ESD using external grasping forceps (24, 25). External
grasping forceps are used under the control of an endoscope
and a second pair of grasping forceps. This method does not
require any assistant to hold the forceps because the handle
is locked. One endoscopist can therefore independently move
the endoscope and forceps. Moreover, this procedure can
also enable the release and regrasping of the lesion with the
forceps. However, this method is sometimes difficult for
lesions in the cardia and the lesser curvature or posterior
wall of the upper gastric body.
Some methods are limited to lesions in certain areas. Our
DEILO technique enables the endoscopist to visualize the
submucosal layer directly for any stomach lesion (5). However,
lesions near the gastric cardia were difficult to resect using
DEILO, because the two endoscopes obstructed each other
when the distal end of the bending section was turned. In
addition, DEILO is more expensive than standard ESD because
it requires two endoscopes, two light sources, and two
endoscopists. One of the major benefits of DEILO is that it
enables visual confirmation that the lesion is accurately and
safely targeted because the submucosal layer is raised before
being cut. The most effective method of preventing
complications such as perforation and bleeding is to lift the
submucosal layer and incise the target tissue under direct vision.
In our study, the rates of perforation and bleeding were 3.3%
and 2.5%. Several studies have reported postoperative bleeding
in 4% to 10% of patients undergoing ESD, and perforation in
1% to 5% of patients during ESD (26-28). The results of our
study indicate that DEILO was effective and feasible compared
to other methods with regard to complication rates.
In conclusion, DEILO is a good option for endoscopic
treatment of EGC, because it is safe and technically easy for
surgeons and endoscopists to perform this procedure using
their left hands.
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