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Abstract
Background Endoscopic submucosal dissection (ESD) of superficial esophageal cancer has been used increasingly as an alter-
native to surgery because it is minimally invasive and has a high rate of en bloc resection. We previously reported that the double
endoscopic intraluminal operation (DEILO) is a useful technique for ESD of early esophageal cancers. In the current study, we
showed comparable short-term data between DEILO and conventional ESD groups to demonstrate the further advanced use of
DEILO.
Methods We studied 111 esophageal cancer patients with 111 lesions treated using endoscopic surgery between January 2010
and June 2016 at Gunma University Hospital. Of the patients, 51 underwent DEILO (DEILO group) and 60 underwent
conventional ESD (ESD group). We compared the operable performance, complications, and pathological outcome between
the ESD and DEILO groups.
Results There was no significant difference in operable performance. However, the DEILO group showed a significantly lower
rate of mediastinal emphysema compared to the ESD group (p = 0.025). Overall, the DEILO group showed a lower complication
rate compared to the ESD group, although there was no apparent significance.
Conclusion To our knowledge, this is the first report comparing DEILO and conventional ESD for esophageal cancer. The results
showed that DEILO is not inferior to conventional ESD. DEILO is an excellent endoscopic surgical method, although it has some
limitations compared to conventional ESD.
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Introduction

Endoscopic resection of early esophageal cancer without risk
of lymph node metastases has been accepted widely as an
effective therapeutic strategy because it offers similar success
rates compared to esophagectomy, but carries lesser morbidity
and mortality. Endoscopic submucosal dissection (ESD) was
developed as a novel endoscopic treatment. ESD of superficial

esophageal cancer has been performed increasingly as an al-
ternative to surgery because it is minimally invasive and has a
high rate of en bloc resection.1 However, ESD is a more dif-
ficult technique for esophageal cancer than for gastric cancer
because the working space for esophageal ESD is small. In
addition, the difficulty level increases gradually depending on
the size of the carcinoma. Also, during conventional ESD, the
entire procedure is done through a single endoscope and there
is no second hand to help as in conventional surgery.
Adequate tissue tension and clear visibility of the tissue to
be dissected by traction are important for effective and safe
ESD. Many traction methods have been reported to date.

Some reports showed the use of magnetic anchor-guided-
ESD (MAG-ESD) to help provide traction during ESD.2–6

Gotoda et al.3 reported MAG-ESD to be a feasible and safe
method that allowed for excellent visualization with suitable
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tissue tension, and that MAG-ESD facilitated gastric ESD in
patients with esophagogastric cancer. For gastric cancer, sev-
eral traction techniques have been reported,7,8 but few reports
discussed esophageal cancer.

Oyama et al.9 reported on the clip-with-line method, which
is a simple, easy, and useful method of traction not only for
gastric ESD, but also for esophageal, colonic, and duodenal
ESD. Chen PJ et al.10 reported on percutaneous transgastric
traction (PTT)-assisted ESD for esophageal lesions using pigs.

In 2004, we reported on the double endoscopic
intraluminal operation (DEILO), which enables resection of
mucosal lesions using two fine endoscopes and monopolar
shears.11 The use of two fine endoscopes allows for easy dis-
section of lesions in the esophageal and gastric lumens.11

Subsequently, short-term and long-term outcomes of DEILO
for gastric cancer have been reported at our institution.12,13

The DEILO procedure for early gastric cancer was reported
to shorten ESD operative time, and efficacy and complication
rates were comparable with those of the standard procedure.12

We also previously reported the use of DEILO for esophageal
cancer.13 For all patients, the DEILO procedure was per-
formed successfully, en bloc resection was achieved, and there
were no apparent complications except postoperative hemor-
rhage in one case. As a result, we concluded that DEILOwas a
useful technique for ESD of early esophageal cancers.14

However, to our knowledge, no comparable data have been
reported between DEILO and conventional ESD. In the cur-
rent report, we compared DEILO and conventional ESD per-
formed in a short-term period to discover the further advanced
use of DEILO.

Materials and Methods

We studied 111 esophageal cancer patients (91 men and 20
women) with 111 lesions treated using endoscopic surgery
between January 2010 and June 2016 at Gunma University
Hospital. Of the patients, 51 underwent DEILO (DEILO
group), and 60 underwent conventional ESD (ESD group).
This study was approved by the institutional review board
(IRB) in our institute, and patients were enrolled in the study
after providing written informed consent. Patients with multi-
ple cancers and posttreatment radiation therapy were excluded
from this study.We compared the operable performance, com-
plications, and pathological outcome between the two groups.
There was no difference in qualifications of endoscopists and
experienced cases in two groups. The characteristics of the
111 patients are presented in Table 1. The mean age (± stan-
dard division) was 67.7 ± 8.5 and 66.6 ± 10.5 years in the ESD
and DEILO groups, respectively (p = 0.549). In the ESD
group, 4 cancers were located in the cervical (Ce), 7 in the
upper thoracic (Ut), 29 in the middle thoracic (Mt), 18 in the
middle lower thoracic (Lt), and 2 in the abdominal (Ae)

esophagus, compared to 0, 3, 28, 15, and 5, respectively, in
the DEILO group (p = 0.089). According to the macroscopic
diagnosis, 3 tumors were type 0-I, 9 type 0-IIa, 29 type 0-IIb,
and 19 type 0-IIc in the ESD group, compared to 2, 8, 27, and
14, respectively, in the DEILO group (p = 0.948). In addition,
52 tumors (86.7%) had been diagnosed preoperatively as cT1a
(invaded to the muscularis mucosae) and 8 (13.3%) as cT1b
(invaded to the superficial submucosal layer) in the ESD
group, compared to 76.5% and 23.5%, respectively, in the
DEILO group (p = 0.164).

ESD and DEILO Technique

All treatments were performed with the patient under general
anesthesia. Airway management by insertion of an endotra-
cheal tube assisted secure ventilation and might have
prevented intraoperative aspiration or postoperative pneumo-
nia. The patients were positioned laterally on the left side
throughout the operation.

ESD Technique

After spraying Lugol’s solution onto the mucosa, the mucosal
surface surrounding the lesion margin was marked carefully
using the Flush knife (DK2618JN15; Fuji Film Co., Ltd.) with
electrocauterization (soft coagulation mode). A submucosal
injection using MucoUp® (Johnson & Johnson Co., Ltd.)
mixed with epinephrine and indigo carmine was administered
to lift the lesion. A circumferential mucosal incision was made
around the lesion using a Flush knife. Continuous submucosal
dissection was performed from the oral to the anal sides in

Table 1 Patients characteristics

Variable Conventional ESD DEILO p value

Age [mean ± SD] 67.7 ± 8.5 66.6 ± 10.5 0.549

Sex (male:female) 50 10 41 10 0.688

Location

Ce 4 0 0.089
Ut 7 3

Mt 29 28

Lt 18 15

Ae 2 5

Type

0-I 3 2 0.948
0-IIa 9 8

0-IIb 29 27

0-IIc 19 14

cT

1a 52 39 0.164
1b 8 12
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sequence, and the specimen was resected. Finally, ESD was
finished after checking for hemostasis.

DEILO Technique

The DEILO technique for esophageal cancer has been de-
scribed previously in detail.1114 (Fig. 1). The procedure for
the DEILO group was the same until the circumferential mu-
cosal incision. Submucosal dissection was performed for ap-
proximately half of the entire dissection. Immediately follow-
ing completion of this procedure, DEILO was commenced
using a dedicated overtube and separator. Two gastrointestinal
endoscopes were used for DEILO, which made the procedure
more precise than diagnostic endoscopy.14 The advantage of
DEILO was to provide adequate tension and a clear view of
the cutting plane and dissected tissue. However, DEILO has a
crucial limitation to be described. The Ce and parts of the Ut
esophageal cancers were excluded from the indication for
DEILO because of the use of an overtube covering those
areas. Moreover, the cases of stricture at a part of the overtube
were excluded because a forceful insertion could lead to
esophageal injury.14

Histological Assessment of the Resected Specimen

The resectability of the DEILO specimens was evaluated care-
fully histopathologically in 2-mm thick slices, according to
the Guidelines for Clinical and Pathological Studies on
Carcinoma of the Esophagus, 10th ed.15 Each slice was
assessed microscopically for histological type, depth of inva-
sion, presence or absence of lymphatic or venous invasion,
and completeness of the resection.

Evaluation of Complications After Endoscopic
Resection and Follow-Up

Chest and abdominal x-rays were performed to identify any
complications in all patients, such as mediastinal emphysema,
pneumothorax, or pulmonary atelectasis. The following day,
all patients underwent a follow-up endoscopic examination to
check for bleeding of the resected ulcer. After the follow-up
endoscopy, water and food intake were permitted in sequence.
After discharge from the hospital, an endoscopic examination
was performed at fixed intervals according to the results of
pathological examination or resected circumference.
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Fig. 1 Procedure of DEILO. After spraying Lugol’s solution onto the
mucosa, the mucosal surface surrounding the lesion margin was
carefully marked using the Flush knife with electrocauterization. After a
submucosal injection using MucoUp®, a circumferential mucosal
incision was made around the lesion using a Flush knife. Subsequently,

the second endoscopewas inserted into the esophagus, and the edge of the
lesion was elevated using a grasping forceps after submucosal dissection
was performed for approximately half of entire dissection. This traction
provided a clear view of the cutting plane and dissected tissue



Statistical Analysis

The patient characteristics, operable performance complica-
tions, and pathological outcome were analyzed by the χ2

method, Fisher’s exact test, and the analysis of variance
(ANOVA) method. Probability values of p < 0.05 indicated a
statistically significant difference.

Results

A comparison of operative performance is shown in Table 2.
For all patients (100%) among the two groups, the procedure
was performed successfully and en bloc resection was
achieved (data not shown in Table 2). Median operative time
was 114 (range 33–266) and 112 (33–236) min in the ESD
and DEILO groups, respectively (no significant difference,
p = 0.445; Fig. 2). Postoperative hospital stay and longitudinal
dimension of resected specimens in the two groups also were
not significant (p = 0.215, p = 0.666, respectively; Table 2).
With respect to complications, a postoperative hemorrhage
was recognized in only one patient in whom anticoagulants
were initiated 7 days after the procedure in the DEILO group
(p = 0.211). Perforation, pneumothorax, and subcutaneous
emphysema occurred in one patient in the ESD group, and
none in the DEILO group (p = 0.266). The rate of mediastinal
emphysema was significantly lower in the DEILO compared
to the ESD groups (p = 0.025; Fig. 3). There was no signifi-
cant difference in the postoperative stricture rate (p = 0.838).

The comparison of pathological outcome is summa-
rized in Table 3. There was no significant difference in
the depth of invasion and histological type (p = 0.544,
p = 0.159, respectively) or positive rate of cancer in the
horizontal and vertical margins (p = 0.121, p = 0.266, re-
spectively) between the two groups. The vertical margin

was negative in all patients in the DEILO group. As a
result, the DEILO group tended to have a lower residual
tumor rate compared to the ESD group (p = 0.077); how-
ever, there was no significant difference.

Discussion

Due to the development of ESD, en bloc resection of large
gastrointestinal neoplasms can be performed successfully.
However, ESD still has many limitations, such as its tech-
nical difficulty, long procedure times, and risks of perfo-
ration and bleeding.14 Adequate tissue tension and good
visibility of the tissue to be dissected are very important
for effective and safe dissections. Ota M et al. reported
the usefulness of clip traction and it shortens operating
time and is safer in esophageal ESD.16 Chen PJ et al.

Table 2 Comparison of operative
performance Variable Conventional

ESD
DEILO p

value

Operation time: min (mean ± SD) 122 ± 64.6 114 ± 54.5 0.445

Postoperative hospital stay: days (mean ± SD 6.50 ± 2.97 5.76 ± 3.24 0.215

Longitudinal dimension of resected specimens (median): mm
(mean ± SD)

31.2 ± 15.9 32.3 ± 11.2 0.666

Complications: n (%)

Bleeding 0 (0%) 1 (1.96%) 0.211

Perforation 1 (1.67%) 0 (0%) 0.266

Pneumothorax 1 (1.67%) 0 (0%) 0.266

Subcutaneous emphysema 1 (1.67%) 0 (0%) 0.266

Mediastinal emphysema 4 (6.68%) 1 (0%) 0.025

Stricture 3 (5.00%) 3 (5.88%) 0.838

Recurrence: n (%) 0 (0%) 0 (0%)
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Fig. 2 Comparison between conventional ESD and DEILO in operation
time. Comparison of operation times between conventional ESD and
DEILO reveals no significant difference between the two groups (p =
0.445)



reported percutaneous transgastric traction-assisted ESD
can enhance the speed of submucosal dissection for
esophageal ESD to completely remove large areas of
resected mucosa in a porcine model.10 Mortagy M et al.
also reported MAG-ESD reduced procedure time and en-
hanced exposure of dissection line compared to standard
ESD.6 We think DEILO is an excellent technique as it
does not require special tools and does not require any
special technique as compared with these recent reports.
We believe that stabilizing the submucosa with DEILO by
applying tension is efficient and reduces the incidences of
complications. The most important advantage of DEILO
is that it allows the resected specimen to be moved freely
so that the assistant can operate freely using the second
scope. However, it is a little difficult to perform DEILO
technique without interference of each scope (first scope

and second scope). Therefore, most important tip of
DEILO is to perform procedure without interference of
each scope (first scope and second scope).

The knack to keep the scopes from interfering with each
other is to put the two scopes alternately in and out, and
interference tends to occur when trying to move at the same
time. It is also important to do while checking the position
so as not to interfere with each other. In our study, we re-
ported comparable data obtained from the DEILO and con-
ventional ESD groups. As a result, the DEILO group did not
show an advantage in regard to operative times when com-
pared to the ESD group. This is because DEILO is a more
complex procedure (e.g., insertion of a separator and move-
ment of a second scope) compared to conventional ESD.
Establishment of a more stylized procedure will lead to a
shortened operative time for DEILO. With regard to com-
plications, there was a significant difference in the rates of
mediastinal emphysema between the two groups. DEILO is
an excellent procedure compared to conventional ESD with
regard to complications of mediastinal emphysema. Our
results showed that DEILO can provide adequate tissue ten-
sion and clear visibility of the tissue to be dissected by trac-
tion compared to conventional ESD. We believe this to be
an important perception to establish steadier and safer en-
doscopic resections. However, there was no significant dif-
ference among other complications because the total com-
plication rate was low. Regardless, we hypothesized that
DEILO will reduce the incidences of complications.
Moreover, one problem with DEILO is the tumor location.
The Ce and some of the Ut tumors were excluded because
they were covered by an overtube, which was used for the
easy operation for esophageal cancer. Also, cases of stric-
tures at a part of the overtube were excluded because a
forceful insertion could lead to esophageal injury. In this
study, most tumors at the Ce or Ut were resected by conven-
tional ESD. Another problem is that a larger number of staff
is required for DEILO than for conventional ESD.

Therefore, DEILO has disadvantage in terms of economy
because it requires many endoscopists compared with conven-
tional ESD, but DEILO is chosen as priority in enforcing
safely. Additional improvement and advancement of the de-
vice will increase the indication for DEILO, as we mentioned
previously.13 The most important finding in our report is that
DEILO is not inferior to conventional ESD overall. DEILO is
an excellent procedure with fewer complications, although it
has some limitations compared to conventional ESD.
However, great consideration is required regarding the good
indications for DEILO. To our knowledge, this is the first
report comparing DEILO and conventional ESD for esopha-
geal cancer.

In conclusion, DEILO a good method of endoscopic sur-
gery for early esophageal cancer, although we should explore
further less invasive and safer methods.

Table 3 Comparison of Pathological Outcome

Variable Conventional ESD DEILO p value

Depth of invasion

Mucosa 54 44 0.544
Submucosa 6 7

Histological type

Squamous cell carcinoma 58 46 0.159
Adenocarcinoma 2 5

Horizontal margin (HM)

HM0 49 46 0.121
HM1 8 5

HMX 3 0

Vertical margin (VM)

VM0 59 51 0.266
VM1 1 0

Residual tumor

R0 47 46 0.077
R1 10 5

RX 3 0
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Fig. 3 Comparison between conventional ESD and DEILO in numbers
of case with mediastinal emphysema. The DEILO group had a
significantly lower rate of mediastinal emphysema compared to the
ESD group (p = 0.025)
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