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Abstract

With the digestive endoscopic tunnel technique (DETT), many diseases that
previously would have been treated by surgery are now endoscopically curable
by establishing a submucosal tunnel between the mucosa and muscularis propria
(MP). Through the tunnel, endoscopic diagnosis or treatment is performed for
lesions in the mucosa, in the MP, and even outside the gastrointestinal (GI) tract.
At present, the tunnel technique application range covers the following: (1)
Treatment of lesions originating from the mucosal layer, e.g., endoscopic
submucosal tunnel dissection for oesophageal large or circular early-stage cancer
or precancerosis; (2) treatment of lesions from the MP layer, per-oral endoscopic
myotomy, submucosal tunnelling endoscopic resection, efc.; and (3) diagnosis
and treatment of lesions outside the GI tract, such as resection of lymph nodes
and benign tumour excision in the mediastinum or abdominal cavity. With the
increasing number of DETTs performed worldwide, endoscopic tunnel
therapeutics, which is based on DETT, has been gradually developed and
optimized. However, there is not yet an expert consensus on DETT to regulate its
indications, contraindications, surgical procedure, and postoperative treatment.
The International DETT Alliance signed up this consensus to standardize the
procedures of DETT. In this consensus, we describe the definition, mechanism,
and significance of DETT, prevention of infection and concepts of DETT-
associated complications, methods to establish a submucosal tunnel, and
application of DETT for lesions in the mucosa, in the MP and outside the GI tract
(indications and contraindications, procedures, pre- and postoperative
treatments, effectiveness, complications and treatments, and a comparison
between DETT and other operations).

Key words: Digestive endoscopic tunnel technique; Endoscopic submucosal tunnel
dissection; Per-oral endoscopic myotomy; Submucosal tunnelling endoscopic resection;
Gastrointestinal tract

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The digestive endoscopic tunnel technique (DETT) makes many diseases that
used to be treated by surgery become endoscopically curable by establishing a
submucosal tunnel between the mucosa and muscularis propria (MP). At present, the
tunnel technique application range covers the treatment of lesions originating from the
mucosal and MP layers, and diagnosis and treatment of lesions outside the
gastrointestinal tract. However, there is not yet an expert consensus on DETT. In this
consensus, we describe the definition, mechanism, and significance of DETT, prevention
of infection, methods to establishing a submucosal tunnel, and three main applications of
DETT.
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INTRODUCTION

The digestive endoscopic tunnel technique (DETT) is a new endoscopic treatment
technique in which a submucosal tunnel is established, making many diseases that
previously would have been treated by surgery become endoscopically curable.
Compared with surgery, DETT has certain advantages, such as less trauma and faster
recovery. The emergence of DETT is a milestone in the development of endoscopic
treatment and significantly broadens the application range of endoscopy. With the
increasing number of DETTs performed worldwide, endoscopic tunnel therapeutics,
which is based on DETT, has been gradually developed and optimized. However,
there is not yet a consensus or guideline on DETT to regulate its indications,
contraindications, surgical procedure, and postoperative treatment. Therefore, it is
necessary to generate this consensus on the DETT.

The International DETT Alliance (IDETTA) is an un-official technical association
composed of 48 endoscopy experts majoring in the DETT method from China-
mainland, China-Hong Kong, United States, and Korea. This consensus was drafted
by all the members of the alliance and is the first international consensus on DETT
aiming to guide and regulate the performance of DETT by doctors worldwide.
Systematic document retrieval was performed by searching the online databases of
PubMed, China National Knowledge Internet, and SinoMed for articles published
from 2009 to 2018 to generate a better understanding of DETT and to develop key
questions regarding pre-operative treatments, indications, techniques, complications,
outcomes, and postoperative treatment. The retrieved documents were evaluated, and
pertinent documents were adopted. Subsequently, a statement and an explanation
were created to construct a questionnaire based on PICO. All 48 members of IDETTA
voted on the created statements using the Delphi method. The questionnaire was send
by email to each expert. The consensus was assessed at the evidence level and
recommendation level according to evidenced-based medicine (Tables 1 and 2).
Considering that an increasing number of new evidence-based clinical outcomes may
emerge in the future, the association will arrange meetings as necessary to update the
consensus.

We established six categories for evaluation as follows: Preoperative treatment,
indications, techniques, complications, treatment outcome (recurrence, metastasis,
and prognosis), postoperative follow-up, and pathology. For each clinical question,
systematic document retrieval was done by searching PubMed and Igaku Chuo
Zasshi for articles.

DEFINITION OF DETT

The concept of DETT was initially put forward by professor Linghu in 2009 after its
successful application to a large, circumferential oesophageal lesion!", and this clinical
event marked the birth of DETT. DETT aims to establish a submucosal tunnel
between the mucosa and muscularis propria (MP), through which endoscopic
diagnosis or treatment is performed for lesions in the mucosa, in the MP, and even
outside the gastrointestinal (GI) tract.

MECHANISM OF DETT

The key mechanism of DETT is to divide the digestive tract wall into two layers
(mucosa and MP) and to maintain the integrity of one layer when the other layer is
opened for treatment or diagnosis. Therefore, the intra-luminal and extra-luminal
space is isolated, and intra-luminal gas or fluid cannot enter the extra-luminal space!”!
(Figure 1).

SIGNIFICANCE OF DETT

Based on the practice of original per-oral and per-anal endoscopy, DETT establishes
an “artificial tunnel” that is different from the natural GI tract®”. For a long time, the
MP has been considered the boundary between GI internal medicine and surgery; the
MP plays an important role in avoiding single-layer perforation and in isolating intra-
luminal chemical liquids, gases, or bacteria from the normal tissue in the extra-
luminal space. Development of the tunnel technique has enabled digestive endoscopy
to treat lesions outside the GI tract, thus converting certain digestive surgeries to
super-minimally invasive endoscopic operations!l. DETT bridges digestive internal
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Table 1 Evidence-level classification

Level Content

1 Based on a systematic review /meta-analysis of randomized controlled trials (RCTs)

I Based on at least one RCT

I Based on a non-RCT

IVa Based on an analytical epidemiological study (cohort study)

IVb Based on an analytical epidemiological study (case-control study, cross-sectional study)
\% Based on case series and case reports

VI Based on opinions from a specialist committee or individual specialists without patient data

medicine and surgery and is considered a milestone of digestive endoscopic
techniques.

At present, the tunnel technique application range covers the following": (1)
Treatment of lesions originating from the mucosal layer, e.g., endoscopic submucosal
tunnel dissection (ESTD) for oesophageal large or circular early-stage cancer or
precancerosis; (2) treatment of lesions from the MP layer, per-oral endoscopic
myotomy (POEM), submucosal tunnelling endoscopic resection (STER), efc.; and (3)
diagnosis and treatment of lesions outside the GI tract, such as resection of lymph
nodes and benign tumour excision in the mediastinum or abdominal cavity.

PREVENTION OF INFECTION AND CONCEPTS OF DETT-
ASSOCIATED COMPLICATIONS

Although the GI tract is not a germfree environment, an intact mucosa plays an
important role in preventing infection. However, the occurrence rate of infection can
be increased when the mucosa is incised and an endoscope colonized with bacteria
enters the submucosal tunnel during DETT. The origins of post-DETT infection
mainly include: (1) Bacteria colonized in the oral cavity and oesophagus: Streptococcus
viridans, Staphylococcus aureus, and enteric bacilli (Escherichia coli, Acinetobacter,
Pseudomonas aeruginosa, etc.); (2) food and liquid retention in the oesophagus; (3)
operation-related factors, such as intra- and postoperative bleeding, accidental injury
of the mediastinum or lungs, and incomplete closure of the incision.

As reported in previous studies, preoperative use of antibiotics to prevent
infections is recommended in DETT for the treatment of achalasia cardia (AC) and
tumours of the oesophageal or cardia MP, with specific steps such as administering
prophylactic antibiotics intravenously half an hour before surgery, with the infusion
completed within 30 min. A single dose is enough if the surgery is performed within
60 min. If the surgery lasts for more than 1-2 half-life periods of the antibiotics,
another dose is administered intravenously. The application of postoperative
prophylactic antibiotics should not exceed 48 h*’.

According to relevant studies, the bacteria associated with DETT are mainly gram-
negative bacteria, including Pseudomonas aeruginosa and Acinetobacter. Thus, second-
and third-generation cephalosporins, such as cefuroxime and ceftriaxone, are the first
choice for antibiotic prophylaxis. For patients allergic to penicillin, aztreonam
combined with clindamycin or third-generation quinolones can be a substitution®’l. In
addition, there is an opinion that acidic electrolysed oxidizing water not only has an
obvious bactericidal effect on Staphylococcus aureus, Enterococcus faecalis, and
Pseudomonas aeruginosa but is also harmless and free of residual toxicity. Therefore, it
is suggested to use this liquid to flush the tunnel. However, no multicentre large-
sample controlled study has verified this method.

In conclusion, we recommend the intravenous administration of prophylactic
antibiotics to prevent infection between 30 min pre-surgery and 48 h postsurgery.
Other measures to prevent infection!"" include: (1) Fasting for 48-72 h before surgery
and flushing the oesophagus and stomach with sterile water under endoscopy to
reduce the number of bacteria; (2) gargling with sterile water or 0.9% saline
repeatedly before the operation; (3) strictly sterilizing the endoscope and requiring the
use of disposable sterile devices and sterile water during the operation; (4)
coagulating exposed vessels in a timely manner to prevent haemorrhage and avoiding
accidental injuries of normal tissues and organs outside the oesophageal wall; and (5)
washing the tunnel and aspirating the liquid thoroughly as well as tightly closing the
incision with clips (level of evidence: I; strength of recommendation: B).

Jaishidengs WJG | https://www.wjgnet.com 748 February 21,2019 | Volume25 | Issue7 |



Chai NL et al. Consensus on the DETT

Table 2 Recommendation level

Strength of recommendation Content

With strong scientific evidence, strongly recommended

B With scientific evidence, recommended

C1 Without scientific evidence, but recommended

2 Without scientific evidence, not recommended

D With scientific evidence of ineffective or harmful results, not recommended

In contrast with surgery, in endoscopic procedures, the amount of bleeding is
difficult to determine and is also related to the experience level of the operators. Thus,
it is difficult and unreliable to evaluate bleeding according to the amount and
duration. We suggest evaluating intraoperative bleeding by using endoscopic
resection bleeding (ERB) three-level and five-grade methods, which include the
following five grades: ERB-0: No bleeding during the whole operation; ERB-c
(controlled): Endoscopic controllable bleeding (divided into three grades, namely,
ERB-c1: Easily controlled bleeding under endoscopy with stable vital signs and no
need for blood transfusion; ERB-c2: Bleeding degree between c1 and ¢3; and ERB-c3:
Endoscopically controllable bleeding with intra- or postoperative blood transfusion);
and ERB-unc (uncontrolled): Uncontrollable bleeding under endoscopy that needs to
be handled by surgery or vessel embolotherapy.

Compared with the non-tunnel technique, DETT has the superiority of maintaining
the mucosal integrity, while it may create defects in the MP during incisions or
resections. MP defect (MPD) grading is suggested to classify the defection. It includes
three grades: MPD-0: No defection on the MP; MPD-pt (partial thickness): Defection
on the MP without full perforation; MPD-ft (full thickness): Full perforation on the
MP.

METHODS FOR ESTABLISHING A SUBMUCOSAL TUNNEL

Patient position

The positions commonly used in the operation include the left lateral position, supine
position, and supine position with the right shoulder raised. Anatomically, the
oesophagus is located behind the trachea and heart and in front of the spine. It is
relatively safe to establish a submucosal tunnel at the proximal posterior wall of the
oesophagus. A proper position may contribute to the safety and simplicity of the
operation. The different positions are described as follows:

Left lateral position: This is the routine position for endoscopic examinations, which
helps the endoscopist to identify the anatomic orientation of the oesophageal wall!"***.
Because the common direction to operate a device under endoscopy is the six o’clock
position, it is necessary to rotate the endoscope to adjust the fit direction for a tunnel
to be established in the right rear oesophageal wall.

Supine position: This position facilitates the selection of the proximal posterior
oesophageal wall for the operation; however, it might be difficult to advance the
endoscope, given the degree of twisting of the patient’s head!""*'’l. In addition, fluid
will remain in the rear oesophageal cavity due to gravity; such fluid may soak the
tunnel incision during the operation, affecting the endoscopic view.

Supine position with the right shoulder raised: This position falls in between the left
lateral and supine positions, with the patient’s head twisting less, and the device can
be withdrawn in a naturally relaxed condition to the proximal rear oesophageal wall
under endoscopy, facilitating the approach and withdrawal of the endoscope as well
as the whole operation. As reported in the relevant literature, this position is mainly
advantageous with respect to no fluid retention at the right rear oesophageal wall
(because it is not the lowest point in this position), with no effect on the operation
field!"'7,

Consequently, during both ESTD and STER, operators can select the optimal
position according to the lesion site before the operation. For POEM, the supine
position with the right shoulder raised is recommended (level of evidence: II; strength
of recommendation: B).

Tunnel incision and closure
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Figure 1 Mechanism of digestive endoscopic tunnel technique, demonstrating a tunnel that is created
between the mucosal and muscularis propria layers.

Tunnel incision creates an entryway to introduce the endoscope into the tunnel, which
affects the convenience of going into or out of the tunnel, the tunnel's internal
pressure, and the difficulty of incision closure. Incisions may vary for different sites
and even for the same site, and different choices can be made on the basis of the
operators’ preferences and the anatomical demands. There are three methods to create
a tunnel incision (Figure 2):

Longitudinal incision: The oesophageal mucosa is incised longitudinally at a length
of approximately 1.8-2.0 cm, with metal clips used to close such incisions from distally
to proximally after the operation!¥, thus facilitating wound closure. However, more
metal clips are required, and it is relatively challenging to introduce an endoscope
into the tunnel; moreover, the endoscope is closely encased by the tunnel incision,
with a higher gas pressure inside the tunnel (Figure 2A-D).

Transverse incision: The oesophageal mucosa is incised horizontally at a length of
approximately 1.2 cm!"**); the entrance is wider than that of the longitudinal incision,
facilitating endoscope entry into the tunnel and gas escape out of the tunnel. This
incision is mainly disadvantaged by the difficulty of its closure, which entails suturing
of the first clip in the middle of the incision's anal side; such a clip can be used as an
“anchor”, based on which the suturing is performed longitudinally™" (Figure 2E-H).

Inverted T incision: This inverted T entry incision is combined with a 0.8-cm
transverse incision and a 1.0-cm longitudinal incision™!. Such a tunnel incision
resembles an inverted “T”. By virtue of the wide tunnel space, it can facilitate the
entry of the endoscope and the postoperative closure of the incision, as well as
exhaust and drainage outwards, thus reducing the incidence of gas-related
complications incurred by the tunnel technique (Figure 2I-L).

All three entry methods of tunnel incision are commonly used in clinical
endoscopic practice. Comparing the incision area, gas pressure inside the tunnel, and
difficulty of incision closure, we recommend the inverted T mucosal incision (level of
evidence: III; strength of recommendation: B), given the following advantages: A
larger area of the incision, ease of introducing an endoscope into the submucosa, a
low gas pressure less likely to cause intraoperative gas-related complications, and

22

fewer clips (only 4-5) required to close the incision after the procedure!**.

APPLICATION OF DETT FOR MUCOSAL LESIONS: ESTD IN
OESOPHAGEAL MUCOSAL LESIONS

In 2009, a large circular oesophageal case successfully resected by a tunnel technique
was initially reported by the team of Linghu et all". Later, in 2013, the team published
their research results from using the tunnel technique to treat large circular early
oesophageal cancer in endoscopy, and defined the English name as ESTD!.
Compared with the traditional endoscopic submucosal dissection (ESD), ESTD has
certain advantages such as a shorter operation time, faster dissection, high complete
resection rate, and low complication rate, which have caused this technique to be
rapidly spread and widely used around the world, especially in the endoscopic
treatment of large or circular early oesophageal cancer and precancerosis. For lesions
of different sizes, single-tunnel or multi-tunnel procedures are optional.
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Figure 2 Three methods of tunnel incision and closure. A and B: Longitudinal incision; C and D: Longitudinal
incision closed with titanium clips; E: Transverse incision; F: “Anchoring” of a titanium clip in the middle of the
transverse incision; G and H: Longitudinal closure using titanium clips successively; I: Inverted T incision; J-L:
Longitudinal closure using titanium clips successively.

Indications and contraindications
Indications: Early cancer and precancerous lesions of the oesophagus, stomach, colon,
and rectum with a transverse diameter over 2 cm™1.
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Contraindications: Lesions deeper than the submucosa found by endoscopic
ultrasound (EUS); lymphatic or distant metastasis found on EUS, computed
tomography (CT), or positron emission tomography-CT; Progressive stage cancer or
undifferentiated tumour; Coagulation, cardiopulmonary dysfunctions, or other
endoscopic, anaesthetic contraindications.

Procedures for ESTD

The main procedures for ESTD are as follows:

Lesion evaluation: Use a magnifying endoscope, Lugol’s solution stain, and
indicarmine stain to evaluate the character, depth, and extent of the lesion.

Circular marking: The circumferential markings are made at least 5 mm outside the
margin of the lesion by argon plasma coagulation (APC) or an electric knife. For
circular lesions, circumferential markings are made outside the oral and anal margins.

Mucosal incision: After sufficient lifting by submucosal injection, two transversal or
cambered incisions are successively made by an electric knife in the anal and oral
mucosa.

Establishment of a submucosal tunnel: One submucosal tunnel is created from the
oral incision to the anal incision with a submucosal injection and dissection. The anal
incision not only indicates the terminus of the tunnel but is also conducive to
lowering the intra-tunnel pressure. The endoscope should be drawn out of the tunnel
repeatedly during the dissection process to ensure that the direction of the tunnel
conforms to the axis of the lesion and to avoid too much normal tissue being resected.

Bilateral resection: The remaining bilateral mucosa is resected by an electric knife 5
mm outside the marking points to completely dissect the whole lesion.

Treatment of the wound surface: Visible vessels are treated by haemostatic forceps or
APC with fibrin glue sprayed on the ulcer when necessary. For lesions over three
quarters of the whole circle, we suggest placing a fully covered retrievable metal stent
for 4 to 8 wk to prevent postoperative stricture. The schema chart of ESTD is shown in
Figure 3.

Pre- and postoperative treatments

Routine preoperative tests, including coagulation function, CT, EUS, and endoscopic
examinations, are suggested to be accomplished and the general physical condition
should be evaluated to exclude patients with anaesthetic or endoscopic
contraindications. For those who take anticoagulant drugs, antiplatelet drugs, or other
coagulation-influencing drugs, a 5-7 d withdrawal period is required before the
operation. The duration of the preoperative fast is related to the location of the
lesion, which means a 12 h fast and 4 h water fast for upper GI tract lesions without
outflow tract obstruction, a longer fast time according to the food emptying time for
the upper GI tract lesions with outflow tract obstruction, and a 3-d non- or low-
residue diet with bowel preparation for colonic and rectal lesions. For upper GI
lesions, defoaming and anti-mucus agents are orally taken 30 min before the
operation. For the lower GI tract, a thorough bowel preparation is required.
Postoperative treatments are as follows:

Diet: Without complications, water intake is permitted after 48-72 h, and the diet is
changed gradually from a clear liquid diet to a semi-liquid diet in 2 weeks.

Antacids: Proton pump inhibitors (PPIs) should be administered intravenously for 3 d
and then taken orally for 4 wk.

Anti-infection: Antibiotics are routinely used for 2-3 d; when there are signs of
infection, the antibiotic period should be prolonged or higher-level antibiotics should
be used.

Follow-up: An endoscopic examination is suggested to be performed 3, 6, and 12 mo
after the operation with endoscopic biopsy if necessary. Then, a routine endoscopic
examination is performed every year to find recurrence or residual lesions in a timely
manner.

Single-tunnel ESTD and multi-tunnel ESTD

ESTDs can be divided into single-tunnel and multi-tunnel ESTDs. To establish a
submucosal tunnel conveniently and quickly, an approximately 2 cm-wide tunnel is
generally preferred. Single-tunnel ESTD is recommended for lesions less than 1/2 of
the oesophageal circumference, while multi-tunnel ESTD is recommended for lesions
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Figure 3 Schema chart of endoscopic submucosal tunnel dissection, demonstrating a tunnel that is created
to resect mucosal lesions.

larger than 1/2 of the oesophageal circumference (level of evidence: II; strength of
recommendation: A)F-’l. Excess tunnels have no significant advantage compared
with double tunnels.

Complications and treatments

Similar to ESD, the main complications of ESTD are bleeding, perforation, and
oesophageal stenosisi***>**14 The bleeding rate ranges from 0% to 5.9%, and the
perforation rate is 0%-4%; the rate of occurrence of stenosis, which is related to the
circular extent and depth of the lesions, is not certain. Ono S performed a study on 84
oesophageal ESD patients, and the stenosis rates of <1/2, <3/4, and = 3/4 circular
lesions were 2% (1/49), 20% (5/25), and 90% (9/10), respectively!*’l. Treatments for
complications are as follows:

Bleeding: Most intraoperative bleeding can be stopped successfully under endoscopy.
When patients have haematemesis, melena, or a significant decrease in haemoglobin,
postoperative bleeding should be considered, and thrombotic drugs should be given
immediately with a blood transfusion when necessary. If the bleeding amount is large
and incurable by conservative treatment, endoscopic haemostasis may help. Vessel
interventional embolization and surgery are required when all of the above therapies
are performed in vain.

Perforation: Perforations during the operation are mostly successfully closed under
endoscopy with common methods, including closure by metal clips, an over the scope
clip (OTSC), blocking by fibrin glue, a fully covered retrievable metal stent and so
forth. Common mental clips can completely close perforations smaller than 10 cm,
while the new metal clip-the OTSC-can close perforations as long as 2 cm with a
larger occlusal force. For large perforations and those incisions that are difficult to
close by routine endoscopes, fully covered retrievable metal stents can effectively
block the wound. Early finding of tardive perforation is very important for treatment
and prognosis. Generally, tardive perforations within 12 h can be successfully treated
by endoscopic closure and conservative treatments because of the mild inflammatory
response and exudation. Perforations showing a failure of endoscopic closure, with
severe mediastinal infection or unstable haemodynamics are suggested to be treated
by surgery.

Stenosis: There is no satisfying treatment for stenosis yet, and common therapies in
clinical practice include hormone injection or oral administration, balloon dilatation,
fully covered retrievable metal stent placement, endoscopic radical incision, auto
balloon dilatation, and autoplastic flap transplantation!*l. Other complications include
pain, infection, transient bacteraemia, aspiration pneumonia, and gas-related
complications.

In general, for large and circumferential oesophageal lesions, ESTD can achieve a
faster dissection rate, reduced operative duration, and decreased incidence of
intraoperative complications than regular ESD~'! (level of evidence: I; strength of
recommendation: A).

DETT FOR MP LESIONS: POEM
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POEM is mainly indicated for patients with AC. In 2007, Pasricha et al"* first
conducted an animal experimental study on the feasibility of POEM in treating AC. In
2010, Inoue et alt™ reported the first use of POEM for the clinical treatment of AC and
achieved good clinical efficacy. Since then, POEM has been widely used worldwide
and has become one of the most effective methods to treat AC. The main
characteristics of AC patients are weakened oesophageal peristalsis, decreased
clearance function, and a high lower oesophageal sphincter (LES) pressure, leading to
dysphagial***l. The main clinical symptoms include dysphagia, reflux, retrosternal
pain, and weight loss, which may affect the patient’s quality of life. POEM can relieve
the LES pressure to the greatest extent by establishing an oesophageal submucosal
tunnel and dissecting the LES circular muscle. At the same time, it can prevent
perforation by maintaining an intact submucosal tunnel. Currently, POEM is
relatively safe and effective as a minimally invasive therapy for AC by endoscopy™-*..

Classification of AC

Morphological classification of AC (barium oesophagram classification): AC on
barium oesophagram shows decreased oesophageal peristalsis and a narrow distal
oesophagus with a “bird beak” appearance. The mucosa of the stenosis is smooth, and
oesophageal dilatation can be seen above the stenosis. According to the extent of
oesophageal dilatation on barium oesophagram, AC can be divided into three grades:
Grade I: Oesophageal diameter < 4 cm (mild); Grade II: 4 cm < oesophageal diameter
< 6 cm (moderate); and Grade III: Oesophageal diameter > 6 cm or even curved to an
S-type (sigmoid-like appearance) (severe). Although the oesophageal morphology can
be visually displayed on barium oesophagram, the shape of the oesophageal cavity
cannot be displayed.

Pressure classification of AC (high-resolution manometry [HRM] classification!*l):
HRM is considered to be the gold standard for the diagnosis of AC, which is
characterized by the disappearance of oesophageal smooth muscle peristalsis and
incomplete LES relaxation, often associated with LES hypertension. According to the
HRM results, AC can be divided into three types: Type I is classic AC, which shows
that the oesophageal peristalsis is significantly weakened, while the oesophageal
pressure is not high, that is, the oesophageal motility is ineffective; type II manifests
as the disappearance of oesophageal peristalsis and an obvious elevation of the total
oesophageal pressure; type III manifests as an oesophageal fistula that causes
blockage of the lumen. Manometry can show changes in the oesophageal pressure,
which has certain significance for evaluating the therapeutic effect of surgical
treatment, but its effectiveness for guiding the choice of surgical methods is not clear.

Endoscopic classification of AC (Ling classification): In 2011, Professor Linghu et
all® proposed an endoscopic morphological classification for AC, which divides the
oesophageal lumen into three categories: Straight, curved, and diverticulum, and
named it the Ling classification. The details are presented in Table 3 and Figures 4 and
5. Because barium oesophagram and HRM cannot visually show the shape of the
oesophageal lumen and the shape of the oesophageal cavity is closely related to the
choice of surgical methods, the Ling classification has obvious advantages in guiding
POEM operations. The preoperative classification of the oesophageal morphology of
AC patients helps the operator select the appropriate surgical method to effectively
reduce the occurrence of complications!™*! (level of evidence, 1I; strength of
recommendation: B).

Grading of the degree of oesophageal submucosal adhesion

Due to the need to establish a tunnel under the mucosa during the POEM operation,
extensive submucosal adhesion will affect the tunnel establishment and muscle
incision process. In 2018, Professor Linghu published a study on the classification of
AC submucosal adhesions!®l. According to the degree of inflammation of the
oesophageal mucosa, AC can be classified into six grades, that is, levels A-F (Table 4).
The specific grading is as follows: Grade A: Normal mucosa, with a clear vascular
texture; Grade B: Rough mucosa with a vague vascular texture; Grade C: White
granular mucosa without an obvious vascular texture; Grade D: Pachyntic, striated, or
sulcus-shaped mucosa without an obvious vascular texture; Grade E: Ulcer in the
mucosa; Grade F: Mucosal scarring. Grades E and F are further classified into four
subtypes according to the involvement of the oesophageal lumen: (1) Ulcer/scar <
1/4; (2) 1/4 < ulcer/scar <1/2; (3) 1/2 < ulcer/scar < 3/4; (4) ulcer/scar > 3/4.
Grading of the oesophageal mucosal inflammation is somewhat correlated with the
grading of the oesophageal submucosal adhesion. Generally, a submucosa with
Grades A and B mucosal inflammation shows mostly mild adhesion (Figure 6). A
mucosal submucosa with Grade C mucosal inflammation shows mostly moderate
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Table 3 Endoscopic morphological classification of achalasia cardia

Classification

Endoscopic observations

Ling I

Ling IT

Ling Ila

Ling Tlb

Ling Ilc

Ling III
Ling 1111
Ling IlIr
Ling IIIlr

Cavity of the oesophagus dilates, wall of the oesophagus is straight (without
tortuosity) and smooth

Cavity of the oesophagus dilates tortuously, with a circular or semi-circular
structure occurring in the oesophagus after adequate gas injection

Oesophageal cavity dilates, with a thin circular structure (no semi-circular
structure) occurring in the oesophagus after adequate gas injection

Oesophageal cavity dilates, with a semi-circular structure occurring
(midpoint within 1/3 of the cavity)

Oesophageal cavity dilates, with a semi-circular structure occurring
(midpoint beyond 1/3 of the cavity)

Oesophageal cavity dilates, with a diverticular structure
Diverticular structure mainly in the left wall of the oesophagus
Diverticular structure mainly in the right wall of the oesophagus

Diverticular structure in both the left and right walls of the oesophagus

adhesion (Figure 7). A mucosal submucosa with Grades D, E, and F mucosal
inflammation shows mostly severe adhesion (Figure 8).

Tunnel anatomy

Vessels from the lower oesophagus to the cardia are in a grid pattern (Figure 9A); the
crescent-like structure is visible when approaching the cardia (Figure 9B). Then, the
ampulla-like structure appears after entering the crescent-like structure (Figure 9C),
where there are branching vessels mainly characterized by bulky vascular roots
(Figure 9D). The tunnel below the cardia changes and shows a steep downward form
(Figure 9E); the vessels are stubby and multi-branched in shape (Figure 9F), and the
beadlike vessels are visible (Figure 9G).

Standard operating procedure of POEM and identification of the tunnel’s terminus
We usually choose the posterior wall of the oesophagus to establish a tunnel that
better follows a path that is flat and straight. The length is up to 10-15 cm for a
standard tunnel, and the standard operating procedure is as follows:

Submucosal injection and tunnel entry creation: The fluid applied in the ESD (such
as saline) is injected to form a liquid mat 8-10 cm above the oesophagus sphincter. The
pressure of the LES with severe stenosis should be controlled, and thus a volume of 4-
5 mL is adequate in case of tearing of the cardia mucosa. The mucosa is incised when
it is fully elevated. Three different incision methods exist for tunnel entry: The
longitudinal incision, transverse incision, and inverted “T” incision. The advantage of
the inverted “T” incision is that it facilitates the introduction of the endoscope, and
the operator can make a much shorter incision. Moreover, it is convenient for fluid
and air to flow from the tunnel cavity, reducing the pressure of the tunnel and
lowering the risk of pneumothorax, pneumoperitoneum, and postoperative infection.

Establishment of the tunnel: A submucosal dissection is performed through the entry
incision gradually to create a tunnel between the mucosa and the MP. The end point
of the tunnel should be 2-3 cm distal to the cardia.

MP incision: The MP is incised 5-7 cm from the oral side of the gastro-oesophageal
junction (GE]J) to a position 2 cm below the cardia.

Tunnel entry incision closure: Metal clips are used to close the incision. The location
of the first clip is crucial, and the distal side of the entry incision may be a good choice
because it narrows the incision, reduces the pressure, and is easily caught. The
following metal claps should be fixed in sequence every 0.2-0.3 cm from the distal to
proximal direction until the entry incision is fully closed. The three incisions all
employ the longitudinal sealing method. The schema chart of POEM is shown in
Figure 10.

The end point of the tunnel lies 2-3 cm to the anal side of the GE]J. Correctly
determining the anatomic location of the GEJ during POEM is of great importance.
The following methods of affirming the end point are recommended: (1) The distance
from the incisor could be used to help determine the location of the GEJ; (2) the cardia
is the narrowest site in the tunnel, and a portion of it may form an ampulla-like
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Figure 4 Simulated diagram of endoscopic observations in Ling llb and Ling lic. A: Ling IIb. The arrows indicate 1/3 of the oesophageal cavity, and the semi-
annular structure’s midpoint remains within this range; B: Ling llc. The arrows indicate 1/3 of the oesophageal cavity, and the crescent-like structure's midpoint goes

beyond this range.

structure with serious adhesion. The myotomy should be performed until 2 cm below
the cardia; (3) the location of the GEJ may be confirmed by the pattern and path of the
submucosal blood vessels and the oesophageal lumen in the tunnel. The end point
crosses over 2-3 cm below the region with a paliform pattern of the lower part of the
cardia; and (4) another method to confirm the terminus of the tunnel is to observe
whether the whitish region of the mucosa on the anal side reaches a location 2 cm
below the cardia when retrieving the endoscope from the tunnel and reversing it at
the gastric fundus.

Tunnel establishment methods
There are three types of tunnel establishment methods as follows: Standard-tunnel

POEM, short-tunnel POEM, and simultaneous submucosal and muscle dissection
POEM (POEM-SSMD).

Standard-tunnel POEM: The standard tunnel is up to 10-12 cm long, extending from
a position approximately 8-10 cm on the oral side of GEJ to 2-3 cm on the anal side.
This technique is applicable for types Ling I, Ling II, and Ling IIb.

Short-tunnel POEM: The short tunnel is established from a location 5 cm on the oral
side to 2 cm on the anal side of the GE]. The length of the entire tunnel is
approximately 6-8 cm. This technique is applicable for types Ling Ilc and Ling III. The
main operation procedure is as follows: (1) Submucosal injection and tunnel entry
creation: The fluid applied in the ESD (such as saline) is injected to form a liquid mat 5
cm above the oesophageal sphincter. The mucosa is incised when it is fully elevated. It
is not advised to adopt a longitudinal incision in short-tunnel POEM because there
exists enough valid oesophagus; (2) establishment of the tunnel: A tunnel is
established in the same way as the standard-tunnel POEM. The difference is that the
tunnel is much shorter when performing short-tunnel POEM; (3) incision of the MP:
The starting point of the myotomy is recommended to occur 2 cm on the oral side of
the GEJ, and the end point of the myotomy is at 2 cm below the cardia. The length of
the myotomy ranges from 3 to 5 cm; and (4) entry incision sealing: This step is
performed in the same way as the standard-tunnel POEM.

POEM-SSMD: The MP is incised directly after establishing a super-short tunnel
without damaging the mucosa and muscularis mucosa when the muscularis mucosa
is completely adhesive to the MP. POEM-SSMD is applied in AC patients when a
severe adhesion exists in the submucosa of the cardia and the tunnel is difficult to
extend. The main operation procedure is as follows: (1) Submucosal injection and
tunnel entry creation: The fluid applied in the ESD (such as saline) is injected to form
a liquid mat 8-10 cm above the oesophageal sphincter and the mucosa is incised to
establish the tunnel entry site; (2) establishment of the tunnel: A submucosal
dissection is performed from the entry incision and a tunnel is established between
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Figure 5 Endoscopic images of the Ling classification of achalasia cardia. A: Ling |; B: Ling lla; C: Ling lIb; D:
Ling llc, E: Ling Ill1; F: Ling llr; G: Ling Illir.

the mucosa and the MP. The tunnel is extended as far as possible until it cannot be
continued because of the severe adhesion; (3) incision of the MP: First, a 1-3 cm full-
thickness myotomy is performed after establishing a super-short tunnel. Then, the
submucosa and MP are incised simultaneously to 2-3 cm below the dentate line; and
(4) tunnel entry incision sealing: This step is performed in the same way as the
standard-tunnel POEM.

Ling classification of the oesophageal morphology by endoscopy can help the
operator to select an appropriate surgical method. The oesophageal lumen in Ling I,
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Table 4 Degree of inflammation of the oesophageal mucosa in achalasia cardia

Grade Endoscopic observations

Grade A Normal mucosa, with a clear vascular texture

Grade B Rough mucosa with a vague vascular texture

Grade C White granular mucosa without an obvious vascular texture
Grade D Pachyntic, striated, or sulcus-shaped mucosa without an obvious vascular texture
Grade E Ulcer in the mucosa

Grade E1 Involvement of the oesophageal lumen <1/4

Grade E2 1/4 < involvement of the oesophageal lumen <1/2
Grade E3 1/2 < involvement of the oesophageal lumen <3/4
Grade E4 Involvement of the oesophageal lumen > 3/4

Grade F Scar in the mucosa

Grade F1 Involvement of the oesophageal lumen <1/4

Grade F2 1/4 < involvement of the oesophageal lumen <1/2
Grade F3 1/2 < involvement of the oesophageal lumen <3/4
Grade F4 Involvement of the oesophageal lumen > 3/4

Ling Ila, and Ling IIb cases is relatively straight; therefore, it is appropriate to adopt
standard-tunnel POEM. For types Ling Ilc and Ling III, we find that there is a high
risk of losing one’s bearings and damaging the tunnel mucosa when establishing a
standard tunnel to cross the “ridge” formed by the crescent-like structure due to
severe tortuosity and dilation of the lower oesophagus (Figure 11A). Thus, short-
tunnel POEM is considered to be a good choice. The entry incision of the tunnel is
established at a relatively flat location on the oesophageal wall (Figure 11B), which
facilitates the endoscope to bypass the "ridge" via the portal into the oesophageal
submucosa (Figure 11C). As indicated in relevant studies, there is no significant
difference in the efficacy between short-tunnel POEM and standard-tunnel POEM for
AC patients with Lingllc and Ling III classifications!*"-*l.

Types of myotomy in the tunnel
The myotomy types commonly reported include inner circular muscle myotomy, full-
thickness myotomy, glasses-style myotomy, inner circular muscle myotomy + balloon

plasty, and progressive full-thickness myotomy!’7l. At present, full-thickness
myotomy and progressive full-thickness myotomy are widely applied in clinical
practice.

Inner circular muscle myotomy (Figure 12): The circular muscle is incised at 1 cm
above the narrow part with electro-surgical knives, which is pushed forward step by
step until all of the inner circular muscle is cut apart. At the bottom of the circular
muscle, part of it is lifted up and an incision is progressively created to the end point
of the tunnel, aiming to mutilate the muscle totally. This technique is inefficient in
some patients.

Full-thickness myotomy (Figure 13): The circular and longitudinal muscles are
completely incised from the narrow part to the location below the cardia with electro-
surgical knives. The method is always associated with a higher incidence of
postoperative gastro-oesophageal reflux disease (GERD).

Glasses-style myotomy (Figure 14): The MP is fully incised from the oral side to the
anal side, with only an approximately 1 cm-long muscle left at the relative position of
the dentate line, which appears as a glasses-type structure under an endoscope, to
prevent postoperative GERD.

Circular muscle myotomy + balloon plasty (Figure 15): The oesophageal lumen is
dilated with a cylindrical expansion balloon to detach some longitudinal muscle on
the basis of the inner circular muscle myotomy. The method may achieve the goal of
mutilating the MP fully, while the procedure appears to be much more complex.

Progressive full-thickness myotomy (Figure 16): The muscle is incised from 1 cm
above the first narrow ring to the end of the tunnel, following the sequence of incising
part of the inner circular muscle, full inner circular muscle myotomy, and then full-
thickness myotomy of the MP from superficial to deep. This method appears to be the
most valid way to relieve the symptoms of dysphagia effectively without causing
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Figure 6 Correlation between grade A or grade B mucosal inflammation and mild oesophageal submucosal adhesion. A: Grade A mucosal inflammation; B:
Grade B mucosal inflammation; C: Mild oesophageal submucosal adhesion: The fibre filaments are distributed in bundles.

GERD-relative problems.

Indications, relative indications, and relative and absolute contraindications of

POEM

Indications: Patients diagnosed with AC"".. Ling types I, Ila, and IIb are the best
indications. With the development of endoscopic technology and the appearance of
new endoscopic procedures, Ling types Ilc and IIl, which previously were
contraindications, are now considered indications for POEMU##1,

Relative indications: Patients with a significantly dilated and tortuous oesophageal
lumen, diffuse oesophageal spasm, nutcracker oesophagus, or prior treatment by
Heller myotomy!™l. Cutting part of the circular muscle is recommended in patients
with diffuse oesophageal spasm or nutcracker oesophagus.

Relative contraindications: Patients with Grade E, Grade F (endoscopic classification
of oesophageal mucosa), or severe submucosal adhesion.

Absolute contraindications: Patients who have contraindications for endoscopic
examination or exhibit severe cardiopulmonary dysfunction.

Perioperative management
All patients should complete HRM, 24-h pH monitoring, EGD, and/or a chest CT
scan. POEM is performed after the patients have undergone fasting for 48 h, water
restriction for 6 h, and EGD to ensure that no food residue remains in the oesophageal
lumen on the day of the operation. Gargling with sterile water or saline is
recommended before anaesthesia. Anticoagulant and antiplatelet agents are stopped
for at least 5-7 d, and blood coagulation should be performed before the operation!”.
Postoperative treatment is similar to that for ESTD. The details are as follows: (1)
Diet: All patients fast for 2-3 d after the procedure. The patients” diets progress
gradually from a clear liquid diet to a semi-liquid diet and to a normal diet in 1 mo if
no obvious postoperative complications are observed; (2) acid inhibitors: A PPI is
administered intravenously for 3 d. An oral PPI is required for at least 4 wk; (3) anti-
infection: Antibiotics are used for 2-3 d if there are no clinical signs of infection.
Otherwise, a prolonged duration of antibiotic therapy or higher grade antibiotics
should be considered; (4) routine blood tests, chest and abdomen X-ray, or CT are
performed 3 d after POEM to determine whether there are signs of infection,
emphysema, or pneumothorax; (5) dietary guidance: A solid food is given first,
liquids are administered sequentially, and chewing well is also important; and (6)
patients are scheduled to follow-up at the centre 1 mo, 3 mo, 6 mo, and 1 yr
postoperatively and then yearly afterward, during which symptom assessments,
physical examinations, and objective tests including EGD, HRM, and 24-h pH
monitoring are performed.

Management of complications

The major complications mainly include: (1) Gas-related complications!”’~: The
examples are pneumomediastinum (approximately 4.9%), pneumothorax (0.2%-
14.3%), pneumoperitoneum (13%-16.2%), and subcutaneous emphysema (11%-21.8%).
Because of the debate over whether minor pneumatosis should be defined as a
postoperative complication, few studies have been reported on them; (2) gastro-
oesophageal reflux: The incidence of GERD is 5%-72.5%, which is mainly related to
the differences in the specific definition in various studies”); and (3) other relatively
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Figure 7 Correlation between Grade C mucosal inflammation and moderate oesophageal submucosal
adhesion. A: Grade C mucosal inflammation; B: Moderate oesophageal submucosal adhesion. The fibres are
arranged in disorder, with fusion and decreased transparency.

rare complications, such as delayed bleeding, incision tears, mediastinal abscess,
oesophageal stenosis, hydrothorax, and oesophagitis!""’l.

Gas-related complications: Patients with mild subcutaneous emphysema,
mediastinal emphysema, pneumothorax, and pneumoperitoneum are left without
interventions because slight pneumatosis can be absorbed spontaneously. However,
massive pneumatosis should be solved in a timely manner because it may cause blood
oxygen desaturation and affect the vital signs directly. For patients with severe
pneumothorax and pneumomediastinum, thoracic closed drainage can be performed
under imaging guidance if possible. For severe pneumoperitoneum, an injector is
often used for abdominocentesis to exhaust gas. In addition, multiple injectors are
used if necessary to speed up the rate of pressure reduction.

In addition, the following advice can reduce the incidence of gas-related
complications resulting from POEM: (1) CO, is used during the whole procedure, as
this gas can be absorbed quickly by the human body; (2) when full-thickness
myotomy is performed, the integrity of the oesophageal outer membrane should be
retained as much as possible; and (3) the duration of the myotomy is minimized.

The following measures are useful for preventing infection: (1) Fasting for 48 h
before POEM; (2) a tracheal cannula is recommended to avoid aspiration; (3) the
tunnel is cleaned with saline before closing the tunnel entry; and (4) the entry is closed
tightly to avoid large gaps.

Postoperative GERD can be relieved by using a PPI and GI prokinetic drugs. When
the symptoms of GERD are not relieved by the above measures, a high dose of PPI is
recommended; endoscopic therapy, such as cardiac constriction and fundoplication, is
also considered.

When severe delayed bleeding occurs in the tunnel, endoscopic electrocoagulation
should be performed immediately after removing the clips and cleaning the tunnel
with saline. Then, the tunnel entry is closed again after successful haemostasis. Clips
and porcine fibrin glue are both used to close mucosal injury!*-'"’l.

The following measures can be used to treat mediastinal abscess: (1) Cleaning the
oesophageal lumen, tunnel, and mediastinum, placing a drainage tube in the
mediastinum, and fixing it onto the nose; (2) keeping the tunnel entry open and
prolonging the time of fasting; and (3) using antibiotics intravenously and placing a
jejunal nutritional tube for enteral nutrition.

Clinical efficacy of POEM for AC

POEM can achieve significant short-term clinical efficacy for AC, and the treatment
success rate (postprocedure Eckardt score < 3) is 82.4% to 100%!'>>*>1%-1”’]_ Recent data
demonstrate that the long-term clinical success rate (follow-up period =5 yr) of POEM
is 83% to 87.1%"'"*"". A significant reduction in LES pressure and alleviation of
oesophageal dilatation can be observed in patients who are treated with POEM.

In conclusion, compared with other endoscopic surgeries, POEM is characterized
by fixed operation steps. Therefore, it is essential to formulate a set of standard
operating procedures to regulate its procedures. The following steps are
recommended: (1) Patients should fast for 48 h from solid and liquid diets and 6 h
from water. The oesophageal lumen is cleaned with normal saline under preoperative
gastroscopic guidance. The patient should be placed in the supine position with the
right shoulder raised and should undergo intratracheal intubation anaesthesia with
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Figure 8 Correlation between Grade D, Grade E, or Grade F mucosal inflammation and severe oesophageal
submucosal adhesion. A: Grade D mucosal inflammation; B: Grade E mucosal inflammation; C: Grade F mucosal
inflammation; D: Severe oesophageal submucosal adhesion. The submucosa and muscularis propria are completely
adherent.

CO, applied during the entire surgical process (level of evidence, II; strength of
recommendation, B); (2) standard tunnels should be established for AC patients with
types Ling I, Ila, and IIb, while short tunnels are recommended for Ling IIc and III
cases (level of evidence, II; strength of recommendation, B); (3) it is recommended to
apply inversed T entry incisions (level of evidence, III; strength of recommendation,
B); (4) it is recommended to apply progressive full-thickness myotomy (level of
evidence, IVa; strength of recommendation, B); (5) it is recommended to apply clips or
porcine fibrin glue for occlusion in case of mucosal injury (level of evidence, IVa;
strength of recommendation, B); (6) in case of the occurrence of complications, the
abovementioned treatment methods help to perform conservative treatments safely
and successfully!™ (level of evidence, III; strength of recommendation, B); and (7)
according to preliminary data, the mid- to long-term treatment effects of POEM are
similar to those of surgical treatment>'?-'*!"-"%] 'and POEM is expected to be the
future clinical first-line therapeutic choicel”! (level of evidence, I; strength of
recommendation, A).

Extended application of POEM

POEM for oesophageal diverticula (D-POEM): With the development of POEM, the
scope of its treatment has been expanded. POEM has been reported to be used in the
treatment of oesophageal diverticula by establishing a submucosal tunnel to reach the
diverticulum, where the proper muscular layer is incised to make the diverticulum
smaller, and symptoms such as dysphagia and weight loss can be relieved!"*"""l. This
is a novel technique for the treatment of diverticula, but further studies on clinical
efficacy are needed. The main indication for D-POEM is the formation of a sacked bag
diverticulum that significantly affects swallowing and food flow. The pre-procedure
preparation of D-POEM is similar to that of routine endoscopy, including fasting for
12 h and water prohibition for 4 h before the procedure.

POEM for gastric disease (G-POEM): In recent years, there have been reports on
applying gastric POEM (G-POEM) in the treatment of diabetic gastroparesis (DGP)
and delayed gastric emptying (DGE) after subtotal gastrectomy!>"'*""’l. G-POEM is
essentially similar to POEM for oesophageal achalasia, including submucosal
tunnelling to the pyloric ring, myotomy involving the full thickness of the pyloric
sphincter, and finally, closure of the incision using clips, with the aim of alleviating
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Figure 9 Anatomical landmark in the tunnel from the lower oesophagus to the cardia. A: Grid-like blood
vessels in the cardia; B: Crescent-like structure visible at the proximal cardia; C: Ampulla-like structure appearing
after entering the crescent-like structure; D: Branching vessels with bulky vascular roots in the ampulla-like structure;
E: Tunnel below the cardia, showing a steep downward form; F: Stubby and multi-branched vessels below the cardia;
G: Beadlike vessels below the cardia.

the symptoms of patients with emptying dysfunction caused by various aetiologies
and unidentified idiopathic gastroparesis.

The indications for G-POEM include gastric emptying disorders caused by
diabetes, surgery, infection, and idiopathic gastroparesis with an unknown aetiology,
accompanied by symptoms associated with severe gastric emptying dysfunction such
as nausea, vomiting, abdominal pain, stomach fullness, early satiety, loss of appetite,
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Figure 10 Schema chart of per-oral endoscopic myotomy, demonstrating a tunnel that is created to incise
the muscularis propria.

nausea, postprandial fullness, and weight loss. The contraindications are similar to
those for POEM. The pre-procedure preparation for G-POEM is similar to that for
POEM for AC, except that G-POEM requires a gastric emptying test.

Similar to oral endoscopic myotomy (POEM), the G-POEM operation is also
divided into four steps: Establishing a tunnel opening; creating a submucosal tunnel;
performing a pyloromyotomy; and closing the tunnel entrance. It should be noted
that there is no uniform standard for the operation due to the short development time
of the technology and because the current total number of cases is small.

G-POEM is an emerging minimally invasive therapy for patients with gastric
emptying disorders. After being successfully applied in the treatment of patients with
DGP who failed medical treatment for the first time in 20131}, the feasibility, safety,
and effectiveness of G-POEM have been confirmed by a series of studies. The
feasibility of the G-POEM operation process is reproducible and can be completed by
experienced endoscopists with a success rate of up to 100%. G-POEM has been
demonstrated to be a safe procedure. Intra-procedural and postprocedural
complications such as haemorrhage, mucosal tears, and perforation are rarely
reported, and the incidence of complications is low. In terms of effectiveness, after G-
POEM treatment, the clinical symptom relief rate associated with gastric emptying
disorder can reach more than 80%, and the Gastroparesis Cardinal Symptom Index at
1, 6, and 12 mo is significantly decreased. Gastric electrical stimulation shows that the
gastric emptying ability becomes normal or improves significantly, and the quality of
life of patients also improves!'*'>l.

DETT FOR MP LESIONS: STER

Previously, submucosal tumours (SMTs) were treated by open surgery, thoracoscopy,
or laparoscopy, which were associated with high invasiveness. Along with the
development of endoscopic techniques, the availability of endoscopic submucosal
excavation (ESE) and endoscopic full-thickness resection (EFR) makes it possible to
perform endoscopic resection of SMTs originating from the MP layer. However, these
procedures do not maintain the mucosal integrity, which could result in perforation,
infection, and postoperative strictures.

In 2011, Linghu et all'! reported a case involving the resection of MP tissue in two
pigs using a tunnel, which initially proved that it was feasible to resect SMTs
originating from the MP layer using a tunnel technique. STER is a novel technique
named by Xu et all*l who reported resecting SMTs by establishing a tunnel between
the submucosal and MP layer in patients in 2012. STER was preliminarily proved to
be superior to ESE and EFR for the treatment of SMTs originating from the MP layer
due to its ability to maintain the integrity of the mucosal*'*1.

Indications, relative indications, and contraindications for STER!>'>

Indications: Considering that the lesion to be excised would pass several narrow
places and the limit of the tunnel width, it is advised to choose SMTs with a
transverse diameter of 2.5 cm or less.

Relative indications: 2.5 cm < transverse diameter < 3.5 cm.
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Figure 11 Endoscope crosses the “ridge” via short-tunnel per-oral endoscopic myotomy. A: Type Ling llc oesophagus. The arrow indicates a “ridge” structure
formed by the crescent-like structure; B: The short-tunnel entry incision established on a relatively flat oesophageal wall at the oral side of the “ridge”; C: Itis easy to

cross the “ridge” within the tunnel.

Relative contraindications: (1) The surface of the SMT mucosa is not intact with ulcer,
which eliminates the significance of establishing a tunnel to maintain mucosal
integrity; there are submucosal adhesions in the ulcer area due to inflammation, and it
is difficult to create a submucosal tunnel; (2) the tumour is located at the entrance of
the oesophagus, and there is no room to create a submucosal tunnel; and (3) the
transverse diameter of the tumour is > 3.5 cm, and it cannot be completely removed
from the tunnel.

Contraindications: (1) The patients with severe cardiopulmonary dysfunction cannot
undergo an endoscopic operation; (2) blood coagulation dysfunction is evident; (3)
there is a large area of scarring or anastomosis at the tunnel area; and (4) there is a
suspected malignant tumour.

STER procedures
Standard STER is conducted as follows:

Submucosal injection and mucosal incision: A submucosal fluid cushion is made
with an injection needle 3-5 cm proximal to the tumour, and then a mucosal incision is
made as the entry point. There are three types of incisions, including a longitudinal
mucosal incision, transverse incision, and inverted T incision. A transverse incision is
suggested for SMTs that are located in the upper oesophagus, which are closed to the
oesophagus inlet, where there is a limited length to establish a tunnel.

Creation of a submucosal tunnel: A tunnel is created from the oral side to the anal
side between the mucosal and the MP layer and ends at the distal side of the tumour.
Repeated submucosal injections contribute to avoiding accidental injury to the tunnel
mucosa. The exposed vessels and small bleeds should be treated in time to ensure a
satisfactory endoscopic view. To obtain the integrity of the mucosa and reduce the
bleeding, submucosal dissection should be conducted close to the MP where the
vascular networks are absent.

Resection of the tumour: The tumour is resected with an intact capsule from the MP
layer after being completely exposed using a knife or a snare. The submucosal tunnel
is lavaged with normal saline solution after the removal of the tumour. The resection
edge is carefully treated with haemostatic forceps and APC to reduce haemostasis and
prevent delayed bleeding and postoperative infection.

Closure of the mucosal incision site: Clips are used for incision closure. The closure
method of STER is similar to that of POEM. The transverse incision and inverse T
incision are closed in a longitudinal shape. The resected specimen is sent for
pathological evaluation. SMT < 1.5 cm in diameter could be extracted directly by
endoscopic aspiration, while SMT > 1.5 cm in diameter should be extracted with a
snare or basket. The schema chart of STER is shown in Figure 17.

When resecting cardial SMTs, the direction of the tunnel is difficult to identify
because of the anatomical structure of the cardia. Methylene blue or indigo carmine
can be used to locate the tumour and guide the direction of the tunnel following
submucosal incision!"”"***l. The procedures for STER treatment of cardial SMTs are
shown in Figure 18.

Special considerations
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Figure 12 Inner circular muscle myotomy. The arrow shows the well-retained longitudinal muscle.

There are several factors to which attention should be paid during the operation. First,
because of the polygon or ginger shape of cardial SMTs, it is necessary to detach the
lesion edge while dissecting muscle fibres in the tunnel. If the lesion is so large that it
affects the vision in the tunnel, it can be partly resected with a snare after the exposure
of some parts of the lesion and the above procedures repeated until the lesions are
completely resected. Second, the resection of a large SMT may lead to the absence of a
large area of MP at the cardia, which may cause GERD because of the low pressure of
the LES after the cicatricial healing of the MP. However, further studies with large
sample sizes are warranted to confirm this conclusion.

Preoperative preparations and postoperative care

EUS, enhanced CT, and other imaging examinations should be performed before
STER to evaluate the size, location, shape, depth, and blood supply of the tumour and
to eliminate the possibility of metastasis and/or invasion outside the digestive tract
(level of evidence, I; strength of recommendation, A).

The general condition of the patient should be assessed to evaluate whether he or
she is suitable for anaesthesia. A coagulation function test should be performed before
the procedures. Patients should stop using anticoagulant drugs, antiplatelet drugs,
and drugs that affect blood function at least 5-7 d prior to STERI™. Patients should be
fasted from food for 12 h and from water for 4 h. Medicines that dispel mucus and
foam should be administered 30 min before the procedure for patients with upper GI
lesions, while a good preparation to keep the bowel clean is indispensable for patients
with lower GI lesions. Any discomfort such as fever, abdominal pain, perforation,
haematemesis, and haematochezia is closely monitored after STER. A complete blood
count is performed on the morning after STER.

The postoperative treatments for STER are similar to those for ESTD and POEM.
Patients are fasted for 2-3 d, consume a liquid diet for 3 d, and return gradually to a
normal diet within 2 wk. Intravenous PPIs are used for 2-3 d, followed by oral PPI
therapy for 4 wk. The intravenous antibiotics are stopped after 2-3 d if there are no
signs of infection, otherwise prolonged antibiotics or strong antibiotics should be used
to control infection. Chest/abdominal X-ray or CT is performed in cases of severe
chest and/or abdominal pain. The majority of the gas-related complications resolve
spontaneously without the need for intervention. Thoracic drainage is required for
pneumothorax with collapse of greater than 30% of the lung. A 20-gauge needle is
inserted into the right lower quadrant to confirm the presence of the complication and
the release of the gas for suspected pneumoperitoneum during and/or after the
procedurel'”l. Patients are discharged when they can take a semi-liquid diet.

Surveillance endoscopy is performed at 3, 6, and 12 mo after the operation and then
annually!**%%]. Contrast-enhanced CT is performed for patients with GI stromal
tumours (GISTs) every 3-6 mo for 3-5 yr. A less-frequent follow-up period is
recommended for very-low-risk GISTs!'*.

Safety outcomes and treatment of complications of STER

The incidence of STER-related complications is 0-66.7%, and gas-related complications
are the most common complications, with an incidence of 0 to 66.7%!"*"'*"2l. The
incidence of STER-related complications mostly ranges from 5% to
2591112 120127,120159,185-148] The oesophagus is the safest area for performing STER, with a
low incidence of complications, namely, 9.5% to 16.7%!*'**l. The incidence of
complications is 15.3% to 42.9% in the cardial'*'*"*+'*1, 11.1% to 21.9% in the
stomach*'*1, and 62.5% in the rectum"\. A meta-analysis showed that the incidence
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Figure 13 Full-thickness myotomy. The arrow shows the tunica adventitia of the oesophagus.

rates of STER-related mediastinal/subcutaneous emphysema, pneumothorax, and
pneumoperitoneum are 14.8% [95% confidence interval (CI): 10.5% to 20.5%], 6.1%
(95% CI: 4.0% to 9%), and 6.8% (95% CI: 4.7% to 9.6%)!""", respectively.

Treatment methods for common complications are as follows: (1) Subcutaneous
emphysema, a small amount of mediastinal emphysema, and a small number of
pneumothorax cases do not require special treatment and can be absorbed
spontaneously. Compared with air, CO, is more easily absorbed by the body;
consequently, the use of CO, perfusion can reduce the occurrence of gas-related
complications during the operation. Chest pain is a common symptom after surgery.
A chest X-ray or chest CT scan should be performed in a timely manner for suspected
pneumothorax. A small amount of pneumothorax cannot be prevented temporarily
and should be closely monitored. Thoracentesis is feasible for obvious pneumothorax
(lung tissue collapse > 30%); (2) postoperative fever can be treated with an antipyretic
combined with physical cooling. If infection happens, timely anti-infection treatment
is required; (3) mucous membrane breakage can be clipped with a titanium clip or
plugged with a biological fibrin glue. Repeated submucosal injection can help reduce
mucosal damage; (4) for patients with pneumoperitoneum, if the patient's abdominal
distension is not obvious and the gas is less, the condition can be closely monitored
and the gas can be absorbed spontaneously. If the patient has obvious abdominal
distension or obvious abdominal distension, puncture and release of the gas can be
performed in the right lower abdomen after the operation. No other special
treatments are needed.

Effectiveness of STER

The total en bloc resection rate of STER for GI SMTs is 83.3%-100%!""">>'>%1, The en bloc
resection rates for oesophageal and cardial SMTs are 84.6%-98.6%!"*"'*1 and 74.5%-
1009127139144 154 respectively.

Comparison of STER and surgery

Compared with surgical treatment, STER is superior with less invasion, faster
postoperative recovery, lower hospitalization expenses, higher acceptability, and
other advantages!*"'**'l. However, STER cannot completely replace surgical
treatment. The optimal treatment method should be selected according to the disease
itself, thus benefiting the patient.

In conclusion, STER is not suitable for all SMTs, and surgeons should strictly assess
the indications. STER is indicated for benign lesions with a diameter less than 3.5 cm
and free from an abundant blood supply as determined by EUS, CT, or other imaging
tools!"**'*I (level of evidence, II; strength of recommendation, A). It is challenging to
gain a clear view in the tunnel when treating cardial SMTs, especially when they
originate from the deeper MP layer; therefore, methylene blue is recommended to
locate the tumour and guide the direction of the tunnel, thereby shortening the time
required for lesion detection and increasing efficiency!*! (level of evidence, III;
strength of recommendation, B).

SURGERIES ON THE EXTERNAL DIGESTIVE TRACT WALL

Currently, surgeries on the external digestive tract wall are performed on the basis of
the establishment of tunnel targeting in experimental subjects and human cadavers!'",
but many controversies remain, and no consensus, such as on how to control
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Figure 14 Glasses-style myotomy. The arrow shows the muscles remaining at the cardia.

abdominal infection, has been reached. With the constant development of DETT and
improvement of related endoscopic techniques and instruments, surgery on the
external digestive tract performed by endoscopy via a tunnel will soon become a
reality. The schema chart of DETT on the external digestive tract wall is shown in
Figure 19.

CONCLUSION

DETT has removed the obstacles between internal medical and surgical treatments, in
line with the principles of endoscopic treatment centred on diseases. In the near
future, endoscopy is set to follow the basic principles of complete lacunas, sterility,
use of natural orifices, and the absence of chemical stimulation, thus providing
patients with better treatment methods.
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Figure 15 Circular muscle myotomy + balloon plasty. A: The width of the incision should be 1/3 of the circumferential oesophagus; B: Balloon-dilation in the
oesophagus; C: The width of the incision after expansion should be 2/3 of the circumferential oesophagus.

Figure 16 Progressive full-thickness myotomy. The yellow arrow shows the incision into the inner circular muscles from superficial to deep; the blue arrow shows
the full incision into the muscularis propria.

Figure 17 Schema chart of per-oral endoscopic myotomy, demonstrating a tunnel that is created to resect the lesion from the muscularis propria.
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Figure 18 Key steps of submucosal tunnelling endoscopic resection for a cardial submucosal tumour. A: Injection of methylene blue into the lesion incision
site for marking and positioning; B: Establishment of a tunnel; C: Finding of the marking and positioning with methylene blue in the tunnel; D: Exposure of the lesion;
E: Resection of the lesion; F: Wound following the resection of the tumour; G: Closure of the mucosal incision; H: The resected specimen.
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Figure 19 Schema chart of digestive endoscopic tunnel technique on the external digestive tract wall, demonstrating a tunnel that is created to resect a
node outside the digestive tract.

ACKNOWLEDGEMENTS

We would like to thank the following doctors who made an contribution to this study
in helping draft and edit the paper and contacting the authors in different hospitals:
Du C, Feng XX, Jiang L, Li LS, Liu SZ, Ma Y, Qiu ST, Wang NJ, Wang N, Wang XY,
Wang Y, Xiang JY, Zhang LY, Zhang WG, Zhong LS, and Zou JL.

REFERENCES

1 Linghu E. Endoscopic resection for gastrointestinal pre-cancerous lesion and early cancer. Electronic
Image Press of the Chinese Medical Association 2009

2 Linghu E. Therapeutics of digestive endoscopic tunnel technique. Berlin: Springer 2014; 1-3 [DOI:
10.1007/978-94-007-7344-8]

3 Linghu E. The establishment and prospect of endoscopic tunnel technique. Zhonghua Qiangjing Waike
Zazhi (Electronic Edition) 2011; 4: 1-2

4 Linghu E. A view of the principle and base of endoscopic technique innovation from the development of
endoscopic submucosa dissection and peroral endoscopic myotomy. Zhonghua Xiaohua Neijing Zazhi
2011; 28: 603-604

5 Werner YB, Rosch T. POEM and Submucosal Tunneling. Curr Treat Options Gastroenterol 2016; 14:
163-177 [PMID: 27059229 DOI: 10.1007/s11938-016-0086-y]

6 Chinese Medical Association Department of surgery TedotCjos. Guideline of the use of antibiotic in
perioperative period. Zhonghua Waike Zazhi 2006; 44: 1594-1596

7 Allison MC, Sandoe JA, Tighe R, Simpson IA, Hall RJ, Elliott TS; Endoscopy Committee of the British
Society of Gastroenterology. Antibiotic prophylaxis in gastrointestinal endoscopy. Gut 2009; 58: 869-880
[PMID: 19433598 DOL: 10.1136/gut.2007.136580]

8 Wang NJ, Zhai YQ, Luo YP, Wang XD, Du H, Zhu J, Meng JY, Wang HB, Wang B, Qiu XY, Kong JY,
Tai CP, Zhang BJ. Incidences of postoperative transient bacteremia underwent peroral endoscopic
myotomy:a prospective study. Zhonghua Qiangjing Waike Zazhi (Electronic Edition) 2013; 6: 435

9 Jiang L, Chen XF. Progress in antimicrobial prophylaxis for thoracic and cardiovascular Surgery.
Zhongguo Xiongxinxueguan Waike Linchuang Zazhi 2007; 14: 130-133

10  Linghu EQ, Xiong Y, Chai NL, Chen QQ, Zhang XB, Feng J, Li HK. The standard operation procedure
of peroral endoscopic myotomy. Zhonghua Weichang Neijing Dianzi Zazhi (Electronic Edition) 2015; 2:
25-29

11 Xiong Y. A feasibility study of peroral endoscopic myotomy applied in the treatment of aorta abdominalis
related diseases. Chinese PLA General Hospital 2016

12 Zhao GC, Zhao XY, Yu J, Ren W, Song YK, Liu L, Yang XJ, Fan CQ, Wang L. Curative effect analysis
of peroral endoscopic myotomy in treatment of 15 cases of achalasia. Disan Junyi Daxue Xuebao 2012;
34:1141-1143

13  Linghu EQ, Li HK, Feng XX. Efficacy and safety of transverse entry incision during peroral endoscopic
myotomy for achalasia. Zhonghua Xiaohua Neijing Zazhi 2012; 29: 438-441

14  Swanstréom LL, Rieder E, Dunst CM. A stepwise approach and early clinical experience in peroral
endoscopic myotomy for the treatment of achalasia and esophageal motility disorders. J Am Coll Surg
2011; 213: 751-756 [PMID: 21996484 DOI: 10.1016/j.jamcollsurg.2011.09.001]

15  Costamagna G, Marchese M, Familiari P, Tringali A, Inoue H, Perri V. Peroral endoscopic myotomy
(POEM) for oesophageal achalasia: preliminary results in humans. Dig Liver Dis 2012; 44: 827-832
[PMID: 22609465 DOI: 10.1016/j.d1d.2012.04.003]

16  Linghu EQ, Ding H. Operational approach of peroral endoscopic myotomy. Zhonghua Weichang Neijing
Dianzi Zazhi (Electronic Edition) 2014; 1: 55-59

17  Grimes KL, Inoue H. Per Oral Endoscopic Myotomy for Achalasia: A Detailed Description of the
Technique and Review of the Literature. Thorac Surg Clin 2016; 26: 147-162 [PMID: 27112254 DOI:
10.1016/j.thorsurg.2015.12.003]

18  Zhai Y, Linghu E, Li H, Qin Z, Wang X, Du H, Meng J. [Comparison of peroral endoscopic myotomy
with transverse entry incision versus longitudinal entry incision for achalasia]. Nan Fang Yi Ke Da Xue

Jaishidengs WJG | https://www.wjgnet.com 770 February 21,2019 | Volume25 | Issue7 |


https://dx.doi.org/10.1007/978-94-007-7344-8
http://www.ncbi.nlm.nih.gov/pubmed/27059229
https://dx.doi.org/10.1007/s11938-016-0086-y
http://www.ncbi.nlm.nih.gov/pubmed/19433598
https://dx.doi.org/10.1136/gut.2007.136580
http://www.ncbi.nlm.nih.gov/pubmed/21996484
https://dx.doi.org/10.1016/j.jamcollsurg.2011.09.001
http://www.ncbi.nlm.nih.gov/pubmed/22609465
https://dx.doi.org/10.1016/j.dld.2012.04.003
http://www.ncbi.nlm.nih.gov/pubmed/27112254
https://dx.doi.org/10.1016/j.thorsurg.2015.12.003

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35
36

37

38

39

40

41

42

43

44

45

Jaishidengs WJG | https://www.wjgnet.com

Chai NL et al. Consensus on the DETT

Xue Bao 2013; 33: 1399-1402 [PMID: 24067229]

Ding WW, Qiu XJ, Yang T, Zhang J. Post-operative care of peroral endoscopic muotomy with transverse
entry incision for esophageal achalasia. Weichangbingxue He Ganbingxue Zazhi 2014; 32: 1480-1481
Linghu EQ, Zhang XB, Du H, Wang XD, Meng JY, Zhu J, Wang HB. Innovated peroral endoscopic
myotomy for achalasia: A case report. Zhonghua Weichang Neijing Dianzi Zazhi (Electronic Edition)
2014; 1: 40-41

Ma XB, Linghu EQ, Li HK, Zhai YQ, Chai NL, Peng LH, Wang XD, DU H, Meng JY, Wang HB, Zhu J,
Guo MZ, Wang XX, Lu ZS. [Factors affecting the safety and efficacy of peroral endoscopic myotomy for
achalasia]. Nan Fang Yi Ke Da Xue Xue Bao 2016; 36: 892-897 [PMID: 27435764]

Linghu EQ, Wang NJ, Wang HB. Application of inverse T incision in endoscopic submucosal tunnel
dissection for cardia submucosal tumors in the muscularis propria: Two cases report. Zhonghua Xiaohua
Neijing Zazhi 2015; 32: 483

Du C, MaL, Chai N, Gao Y, Niu X, Zhai Y, Li Z, Meng J, Tang P, Linghu E. Factors affecting the
effectiveness and safety of submucosal tunneling endoscopic resection for esophageal submucosal tumors
originating from the muscularis propria layer. Surg Endosc 2018; 32: 1255-1264 [PMID: 28842802 DOI:
10.1007/s00464-017-5800-x]

Linghu E, Feng X, Wang X, Meng J, Du H, Wang H. Endoscopic submucosal tunnel dissection for large
esophageal neoplastic lesions. Endoscopy 2013; 45: 60-62 [PMID: 23254407 DOI:
10.1055/s-0032-1325965]

Huang R, Cai H, Zhao X, Lu X, Liu M, Lv W, Liu Z, Wu K, Han Y. Efficacy and safety of endoscopic
submucosal tunnel dissection for superficial esophageal squamous cell carcinoma: a propensity score
matching analysis. Gastrointest Endosc 2017; 86: 831-838 [PMID: 28286094 DOI:
10.1016/5.gie.2017.03.001]

Wang L, Ren W, Zhang Z, Yu J, Li Y, Song Y. Retrospective study of endoscopic submucosal tunnel
dissection (ESTD) for surgical resection of esophageal leiomyoma. Surg Endosc 2013; 27: 4259-4266
[PMID: 23955726 DOI: 10.1007/s00464-013-3035-7]

Zhai YQ, Li HK, Linghu EQ. Endoscopic submucosal tunnel dissection for large superficial esophageal
squamous cell neoplasms. World J Gastroenterol 2016; 22: 435-445 [PMID: 26755889 DOI:
10.3748/wjg.v22.i1.435]

Wang J, Qin JY, Guo TJ, Gan T, Wang YP, Wu JC. [The Efficiency and Complications of ESD and
ESTD in the Treatment of Large Esophageal Mucosal Lesions]. Sichuan Da Xue Xue Bao Yi Xue Ban
2015; 46: 896-900 [PMID: 26867327]

Xiong Y, Li YP, Yuan ZG, Geng Y, Zhang ZW, Wang AM. The Application of Endoscopic Submucosal
Tunnel Dissection(ESTD) in Treating Early Esophageal Cancer and Precancerous Lesions. Linchuang
Xiaohuabing Zazhi 2013; 23: 67-69

Gao XY, Shan HB, Li Y, Luo GY, Zhang R, Xu GL. Application of submucosal tunneling endoscopic
resection for early esophageal cancer and precancerous lesions. Linchuang Waike Zazhi 2012; 20: 491-492
Linghu EQ, Li HK, Huang QY, Wang XD, Du H, Meng JY, Kong JY. Using tunnel technology dissecting
long circumferencial lesions of esophagus. Zhonghua Qiangjing Waike Zazhi (Electronic Edition) 2011, 4:
18-20

Linghu EQ, Yang J, Zhang YC, Jin DQ, Li WM, Sun QY. The feasibility study of peroral endoscopic
technique for resection of lesions larger than 2.5 cm. Zhonghua Qiangjing Waike Zazhi (Electronic
Edition) 2011; 4: 394-396 [DOI: 10.3877/cma.j.issn.1674-6899.2011.05.023]

Arantes V, Albuquerque W, Freitas Dias CA, Demas Alvares Cabral MM, Yamamoto H. Standardized
endoscopic submucosal tunnel dissection for management of early esophageal tumors (with video).
Gastrointest Endosc 2013; 78: 946-952 [PMID: 23810327 DOI: 10.1016/j.gie.2013.05.031]

Pioche M, Mais L, Guillaud O, Hervieu V, Saurin JC, Ponchon T, Lepilliez V. Endoscopic submucosal
tunnel dissection for large esophageal neoplastic lesions. Endoscopy 2013; 45: 1032-1034 [PMID:
24165887 DOI: 10.1055/s-0033-1344855]

Wang AY. Endoscopic submucosal tunnel dissection: the space between. Gastrointest Endosc 2013; 78:
953-955 [PMID: 24237950 DOI: 10.1016/j.gie.2013.07.028]

Zhou ZB, Cheng HW, Dai XR, Li YY. Endoscopic submucosal tunnel dissection for treatment of large
early esophageal cancer and precancerous lesions. Zhonghua Xiaohua Neijing Zazhi 2014; 31: 733-735
Gomercic C, Vanbiervliet G, Gonzalez JM, Saint-Paul MC, Garcés-Duran R, Garnier E, Hébuterne X,
Berdah S, Barthet M. Prospective randomized comparison of endoscopic submucosal tunnel dissection and
conventional submucosal dissection in the resection of superficial esophageal/gastric lesions in a living
porcine model. Endosc Int Open 2015; 3: ES77-E583 [PMID: 26716116 DOI: 10.1055/5-0034-1393084]
Veitch AM, Baglin TP, Gershlick AH, Harnden SM, Tighe R, Cairns S; British Society of
Gastroenterology; British Committee for Standards in Haematology; British Cardiovascular Intervention
Society. Guidelines for the management of anticoagulant and antiplatelet therapy in patients undergoing
endoscopic procedures. Gut 2008; 57: 1322-1329 [PMID: 18469092 DOI: 10.1136/gut.2007.142497]

Jin ZN, Linghu E, Jin DQ. A animal research on esophageal endoscopic submucosal multi-tunnel
dissection. Zhonghua Xiaohua Neijing Zazhi 2016; 31: 219-220

Zhai Y, Linghu E, Li H. Double-tunnel endoscopic submucosal tunnel dissection for circumferential
superficial esophageal neoplasms. Endoscopy 2014; 46 Suppl 1 UCTN: E204-E205 [PMID: 24756297
DOI: 10.1055/5-0034-1365390]

Ye LP, Zheng HH, Mao XL, Zhang Y, Zhou XB, Zhu LH. Complete circular endoscopic resection using
submucosal tunnel technique combined with esophageal stent placement for circumferential superficial
esophageal lesions. Surg Endosc 2016; 30: 1078-1085 [PMID: 26092023 DOI:
10.1007/s00464-015-4301-z]

Gan T, Yang JL, Zhu LL, Wang YP, Yang L, Wu JC. Endoscopic submucosal multi-tunnel dissection for
circumferential superficial esophageal neoplastic lesions (with videos). Gastrointest Endosc 2016; 84: 143-
146 [PMID: 26828761 DOIL: 10.1016/j.gie.2016.01.049]

Yang WJ, Yue H, He ZJ, Deng SH, Liu SY, Peng QQ, Li LF, Xu SH, Long PQ. A clinical research on
endoscopic submucosal multi-tunnel dissection for large early esophageal cancer lesions (with video).
Zhonghua Xiaohua Neijing Zazhi 2016; 5: 304-307

Zhang W, Zhai Y, Chai N, Linghu E, Li H, Feng X. Single- and double-tunnel endoscopic submucosal
tunnel dissection for large superficial esophageal squamous cell neoplasms. Endoscopy 2018; 50: 505-510
[PMID: 29220859 DOI: 10.1055/5-0043-122384]

Ono S, Fujishiro M, Niimi K, Goto O, Kodashima S, Yamamichi N, Omata M. Long-term outcomes of
endoscopic submucosal dissection for superficial esophageal squamous cell neoplasms. Gastrointest

771 February 21,2019 | Volume25 | Issue7 |


http://www.ncbi.nlm.nih.gov/pubmed/24067229
http://www.ncbi.nlm.nih.gov/pubmed/27435764
http://www.ncbi.nlm.nih.gov/pubmed/28842802
https://dx.doi.org/10.1007/s00464-017-5800-x
http://www.ncbi.nlm.nih.gov/pubmed/23254407
https://dx.doi.org/10.1055/s-0032-1325965
http://www.ncbi.nlm.nih.gov/pubmed/28286094
https://dx.doi.org/10.1016/j.gie.2017.03.001
http://www.ncbi.nlm.nih.gov/pubmed/23955726
https://dx.doi.org/10.1007/s00464-013-3035-z
http://www.ncbi.nlm.nih.gov/pubmed/26755889
https://dx.doi.org/10.3748/wjg.v22.i1.435
http://www.ncbi.nlm.nih.gov/pubmed/26867327
https://dx.doi.org/10.3877/cma.j.issn.1674-6899.2011.05.023
http://www.ncbi.nlm.nih.gov/pubmed/23810327
https://dx.doi.org/10.1016/j.gie.2013.05.031
http://www.ncbi.nlm.nih.gov/pubmed/24165887
https://dx.doi.org/10.1055/s-0033-1344855
http://www.ncbi.nlm.nih.gov/pubmed/24237950
https://dx.doi.org/10.1016/j.gie.2013.07.028
http://www.ncbi.nlm.nih.gov/pubmed/26716116
https://dx.doi.org/10.1055/s-0034-1393084
http://www.ncbi.nlm.nih.gov/pubmed/18469092
https://dx.doi.org/10.1136/gut.2007.142497
http://www.ncbi.nlm.nih.gov/pubmed/24756297
https://dx.doi.org/10.1055/s-0034-1365390
http://www.ncbi.nlm.nih.gov/pubmed/26092023
https://dx.doi.org/10.1007/s00464-015-4301-z
http://www.ncbi.nlm.nih.gov/pubmed/26828761
https://dx.doi.org/10.1016/j.gie.2016.01.049
http://www.ncbi.nlm.nih.gov/pubmed/29220859
https://dx.doi.org/10.1055/s-0043-122384

Chai NL et al. Consensus on the DETT

46

47

48

49

50

51

52

53

54
55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Jaishidengs WJG | https://www.wjgnet.com

Endosc 2009; 70: 860-866 [PMID: 19577748 DOL: 10.1016/j.gie.2009.04.044]

Chai N, Zhang W, Linghu E, Han Y, Chai M, Li Z, Zou J, Li L, Xiong Y. Autologous Skin-Grafting
Surgery for the Prevention of Esophageal Stenosis After Complete Circular Endoscopic Submucosal
Tunnel Dissection. Am J Gastroenterol 2018; 938 [PMID: 29937541 DOI: 10.1038/s41395-018-0142-4]
Zhai Y, Linghu E, Li H, Qin Z, Feng X, Wang X, Du H, Meng J, Wang H, Zhu J. [Comparison of
endoscopic submucosal tunnel dissection with endoscopic submucosal dissection for large esophageal
superficial neoplasms]. Nan Fang Yi Ke Da Xue Xue Bao 2014; 34: 36-40 [PMID: 24463113]

Liang W, Xu LX, Deng WY, Zheng XL, Zhong SS, Fang CY. Clinical value of endoscopic submucosal
tunnel dissection and endoscopic submucosal dissection for early esophageal cancer and precancerous
lesions. Fujian Yike Daxue Xuebao 2015; 49: 96-100

Wang J, Zhu XN, Zhu LL, Chen W, Ma YH, Gan T, Yang JL. Efficacy and safety of endoscopic
submucosal tunnel dissection for superficial esophageal squamous cell carcinoma and precancerous
lesions. World J Gastroenterol 2018; 24: 2878-2885 [PMID: 30018482 DOI: 10.3748/wjg.v24.i126.2878]
Zhang X, Shi D, Yu Z, Li R, Chen W, Bai F, Wu X, Cheng C, Shi R, Liu P. A multicenter retrospective
study of endoscopic submucosal tunnel dissection for large lesser gastric curvature superficial neoplasms.
Surg Endosc 2018 [PMID: 30264277 DOI: 10.1007/s00464-018-6471-y]

Feng X, Linghu E, Chai N, Lu Z, Wang X, Tang P, Meng J, Du H, Wang H. Endoscopic Submucosal
Tunnel Dissection for Large Gastric Neoplastic Lesions: A Case-Matched Controlled Study. Gastroenterol
Res Pract 2018; 2018: 1419369 [PMID: 29692806 DOL: 10.1155/2018/1419369]

Pasricha PJ, Hawari R, Ahmed I, Chen J, Cotton PB, Hawes RH, Kalloo AN, Kantsevoy SV, Gostout CJ.
Submucosal endoscopic esophageal myotomy: A novel experimental approach for the treatment of
achalasia. Endoscopy 2007; 39: 761-764 [PMID: 17703382 DOI: 10.1055/s-2007-966764]

Inoue H, Minami H, Kobayashi Y, Sato Y, Kaga M, Suzuki M, Satodate H, Odaka N, Itoh H, Kudo S.
Peroral endoscopic myotomy (POEM) for esophageal achalasia. Endoscopy 2010; 42: 265-271 [PMID:
20354937 DOI: 10.1055/s-0029-1244080]

Boeckxstaens GE, Zaninotto G, Richter JE. Achalasia. Lancet 2014; 383: 83-93 [PMID: 23871090 DOI:
10.1016/S0140-6736(13)60651-0]

Ghoshal UC, Daschakraborty SB, Singh R. Pathogenesis of achalasia cardia. World J Gastroenterol 2012;
18: 3050-3057 [PMID: 22791940 DOT: 10.3748/wjg.v18.i24.3050]

Kabhrilas PJ, Boeckxstaens G. The spectrum of achalasia: lessons from studies of pathophysiology and
high-resolution manometry. Gastroenterology 2013; 145: 954-965 [PMID: 23973923 DOI:
10.1053/j.gastro.2013.08.038]

O’Neill OM, Johnston BT, Coleman HG. Achalasia: A review of clinical diagnosis, epidemiology,
treatment and outcomes. World J Gastroenterol 2013; 19: 5806-5812 [PMID: 24124325 DOI:
10.3748/wjg.v19.i35.5806]

Pandolfino JE, Kwiatek MA, Nealis T, Bulsiewicz W, Post J, Kahrilas PJ. Achalasia: A new clinically
relevant classification by high-resolution manometry. Gastroenterology 2008; 135: 1526-1533 [PMID:
18722376 DOI: 10.1053/j.gastro.2008.07.022]

Ponsky JL, Marks JM, Orenstein SB. Retrograde myotomy: a variation in per oral endoscopic myotomy
(POEM) technique. Surg Endosc 2014; 28: 3257-3259 [PMID: 24879137 DOI:
10.1007/s00464-014-3568-9]

Pandolfino JE, Ghosh SK, Rice J, Clarke JO, Kwiatek MA, Kahrilas PJ. Classifying esophageal motility
by pressure topography characteristics: a study of 400 patients and 75 controls. Am J Gastroenterol 2008;
103: 27-37 [PMID: 17900331 DOI: 10.1111/.1572-0241.2007.01532.x]

Bredenoord AJ, Fox M, Kahrilas PJ, Pandolfino JE, Schwizer W, Smout AJ; International High
Resolution Manometry Working Group. Chicago classification criteria of esophageal motility disorders
defined in high resolution esophageal pressure topography. Neurogastroenterol Motil 2012; 24 Suppl 1:
57-65 [PMID: 22248109 DOI: 10.1111/5.1365-2982.2011.01834 x]

Linghu EQ, Li HK. A4 new endoscopic classification of achalasia. Zhonghua Qiangjing Waike Zazhi
(electronic edition) 2011; 334-336

Linghu EQ, Li HK. Applying a new endoscopic classification of achalasia in endoscopic tunnel
technology. Zhongguo Jixu Yixue Jiaoyu 2011; 78-80

Chai N, Zhang X, Xiong Y, Ding H, Feng J, Li Y, Yao S, Niu X, Linghu E. Ling classification applied in
the preoperative safety and effectiveness assessment of POEM. Surg Endosc 2017; 31: 368-373 [PMID:
27287909 DOIL: 10.1007/s00464-016-4981-z]

Linghu EQ, Li HK, Wang XD, Du H, Meng JY, Wang HB. Primary results of a randomized study
comparing peroral endoscopic myotomy,botulinum toxin injection and balloon dilation for achalasia.
Zhonghua Qiangjing Waike Zazhi (Electronic Edition) 2012; 5: 7-11

Feng X, Linghu E, Chai N, Ding H. New endoscopic classification of esophageal mucosa in achalasia: A
predictor for submucosal fibrosis. Saudi J Gastroenterol 2018; 24: 122-128 [PMID: 29637920 DOI:
10.4103/sj2.SJG_459 17]

Ma XB, Linghu E, Wang NJ, Wang XD, Du H, Meng JY, Wang HB, Zhu J, Tang P, Huang QY, Zhao
XW, Chai GQ, Kong JY, Qiu XY. Using a short tunnel for peroral endoscopic myotomy for Ling type Ilc
achalasia. Zhonghua Qiangjing Waike Zazhi (Electronic Edition) 2014; 7: 271-274

Linghu EQ, Li YY, Wang XD, Meng JY, Du H, Wang HB. Using a short tunnel for peroral endoscopic
myotomy for Ling type Ilc achalasia. Zhonghua Weichang Neijing Dianzi Zazhi (Electronic Edition) 2014;
1:33-34

Wang J, Tan N, Xiao Y, Chen J, Chen B, Ma Z, Zhang D, Chen M, Cui Y. Safety and efficacy of the
modified peroral endoscopic myotomy with shorter myotomy for achalasia patients: a prospective study.
Dis Esophagus 2015; 28: 720-727 [PMID: 25214469 DOI: 10.1111/dote.12280]

Li QL, Chen WF, Zhou PH, Yao LQ, Xu MD, Hu JW, Cai MY, Zhang YQ, Qin WZ, Ren Z. Peroral
endoscopic myotomy for the treatment of achalasia: a clinical comparative study of endoscopic full-
thickness and circular muscle myotomy. J Am Coll Surg 2013; 217: 442-451 [PMID: 23891074 DOI:
10.1016/j.jamcollsurg.2013.04.033]

Wang XH, Tan YY, Zhu HY, Li CJ, Liu DL. Full-thickness myotomy is associated with higher rate of
postoperative gastroesophageal reflux disease. World J Gastroenterol 2016; 22: 9419-9426 [PMID:
27895430 DOIL: 10.3748/wjg.v22.142.9419]

Zhang Y, Ling-hu E, Zhai Y, Peng L, Wang X. Peroral endoscopic myotomy plus balloon shaping for
achalasia: a preliminary study. Hepatogastroenterology 2015; 62: 82-86 [PMID: 25911873 DOI:
10.5754/hge14883]

Linghu EQ, Li HK, Wang XD, Du H, Wang HB, Meng JY. Using full-thickness myotomy during peroral

772 February 21,2019 | Volume25 | Issue7 |


http://www.ncbi.nlm.nih.gov/pubmed/19577748
https://dx.doi.org/10.1016/j.gie.2009.04.044
http://www.ncbi.nlm.nih.gov/pubmed/29937541
https://dx.doi.org/10.1038/s41395-018-0142-4
http://www.ncbi.nlm.nih.gov/pubmed/24463113
http://www.ncbi.nlm.nih.gov/pubmed/30018482
https://dx.doi.org/10.3748/wjg.v24.i26.2878
http://www.ncbi.nlm.nih.gov/pubmed/30264277
https://dx.doi.org/10.1007/s00464-018-6471-y
http://www.ncbi.nlm.nih.gov/pubmed/29692806
https://dx.doi.org/10.1155/2018/1419369
http://www.ncbi.nlm.nih.gov/pubmed/17703382
https://dx.doi.org/10.1055/s-2007-966764
http://www.ncbi.nlm.nih.gov/pubmed/20354937
https://dx.doi.org/10.1055/s-0029-1244080
http://www.ncbi.nlm.nih.gov/pubmed/23871090
https://dx.doi.org/10.1016/S0140-6736(13)60651-0
http://www.ncbi.nlm.nih.gov/pubmed/22791940
https://dx.doi.org/10.3748/wjg.v18.i24.3050
http://www.ncbi.nlm.nih.gov/pubmed/23973923
https://dx.doi.org/10.1053/j.gastro.2013.08.038
http://www.ncbi.nlm.nih.gov/pubmed/24124325
https://dx.doi.org/10.3748/wjg.v19.i35.5806
http://www.ncbi.nlm.nih.gov/pubmed/18722376
https://dx.doi.org/10.1053/j.gastro.2008.07.022
http://www.ncbi.nlm.nih.gov/pubmed/24879137
https://dx.doi.org/10.1007/s00464-014-3568-9
http://www.ncbi.nlm.nih.gov/pubmed/17900331
https://dx.doi.org/10.1111/j.1572-0241.2007.01532.x
http://www.ncbi.nlm.nih.gov/pubmed/22248109
https://dx.doi.org/10.1111/j.1365-2982.2011.01834.x
http://www.ncbi.nlm.nih.gov/pubmed/27287909
https://dx.doi.org/10.1007/s00464-016-4981-z
http://www.ncbi.nlm.nih.gov/pubmed/29637920
https://dx.doi.org/10.4103/sjg.SJG_459_17
http://www.ncbi.nlm.nih.gov/pubmed/25214469
https://dx.doi.org/10.1111/dote.12280
http://www.ncbi.nlm.nih.gov/pubmed/23891074
https://dx.doi.org/10.1016/j.jamcollsurg.2013.04.033
http://www.ncbi.nlm.nih.gov/pubmed/27895430
https://dx.doi.org/10.3748/wjg.v22.i42.9419
http://www.ncbi.nlm.nih.gov/pubmed/25911873
https://dx.doi.org/10.5754/hge14883

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94
95

96

97

Jaishidengs WJG | https://www.wjgnet.com

Chai NL et al. Consensus on the DETT

endoscopic myotomy: two cases reports. Zhonghua Qiangjing Waike Zazhi (Electronic Edition) 2012; 5:
63

Linghu EQ, Li HK, Wang XD, Du H, Wang HB, Meng JY. Using glasses-type myotomy during peroral
endoscopic myotomy: Two cases reports. Zhonghua Qiangjing Waike Zazhi (Electronic Edition) 2012; 5:
33

Linghu EQ, Zhang XB, Du H, Wang XD, Meng JY, Zhu J, Wang HB. Using inverted T incision, short
tunnel, progressive full-thickness myotomy during peroral endoscopic myotomy. Zhonghua Weichang
Neijing Dianzi Zazhi (Electronic Edition) 2014; 1: 32-33

Linghu EQ, Wang NJ, Wang XD, Du H, Meng JY, Wang HB, Zhu J. Clinical curative effect of
asymptotic full-thickness myotomy type of peroral endoscopic myotomy on 41 cases of achalasia.
Zhonghua Xiaohua Neijing Zazhi 2014; 31: 435-438

Ortega JA, Madureri V, Perez L. Endoscopic myotomy in the treatment of achalasia. Gastrointest Endosc
1980; 26: 8-10 [PMID: 7358270 DOI: 10.1016/S0016-5107(80)73249-2]

Shiwaku H, Inoue H, Beppu R, Nakashima R, Minami H, Shiroshita T, Yamauchi Y, Hoshino S,
Yamashita Y. Successful treatment of diffuse esophageal spasm by peroral endoscopic myotomy.
Gastrointest Endosc 2013; 77: 149-150 [PMID: 22482919 DOI: 10.1016/j.gie.2012.02.008]

Hu JW, Li QL, Zhou PH, Yao LQ, Xu MD, Zhang YQ, Zhong YS, Chen WF, Ma LL, Qin WZ, Cai MY.
Peroral endoscopic myotomy for advanced achalasia with sigmoid-shaped esophagus: long-term outcomes
from a prospective, single-center study. Surg Endosc 2015; 29: 2841-2850 [PMID: 25492452 DOI:
10.1007/s00464-014-4013-9]

Kumbhari V, Tieu AH, Onimaru M, El Zein MH, Teitelbaum EN, Ujiki MB, Gitelis ME, Modayil RJ,
Hungness ES, Stavropoulos SN, Shiwaku H, Kunda R, Chiu P, Saxena P, Messallam AA, Inoue H,
Khashab MA. Peroral endoscopic myotomy (POEM) vs laparoscopic Heller myotomy (LHM) for the
treatment of Type III achalasia in 75 patients: a multicenter comparative study. Endosc Int Open 2015; 3:
E195-E201 [PMID: 26171430 DOIL: 10.1055/5-0034-1391668]

Sanaka MR, Hayat U, Thota PN, Jegadeesan R, Ray M, Gabbard SL, Wadhwa N, Lopez R, Baker ME,
Murthy S, Raja S. Efficacy of peroral endoscopic myotomy vs other achalasia treatments in improving
esophageal function. World J Gastroenterol 2016; 22: 4918-4925 [PMID: 27239118 DOI:
10.3748/wjg.v22.i20.4918]

Estremera-Arévalo F, Albéniz E, Rullan M, Areste I, Iglesias R, Vila JJ. Efficacy of peroral endoscopic
myotomy compared with other invasive treatment options for the different esophageal motor disorders.
Rev Esp Enferm Dig 2017; 109: 578-586 [PMID: 28617027 DOI: 10.17235/reed.2017.4773/2016]
Khashab MA, Kumbhari V, Tieu AH, El Zein MH, Ismail A, Ngamruengphong S, Singh VK, Kalloo AN,
Clarke JO, Stein EM. Peroral endoscopic myotomy achieves similar clinical response but incurs lesser
charges compared to robotic heller myotomy. Saudi J Gastroenterol 2017, 23: 91-96 [PMID: 28361839
DOI: 10.4103/1319-3767.203360]

Kristensen HO, Kirkegard J, Kjer DW, Mortensen FV, Kunda R, Bjerregaard NC. Long-term outcome of
peroral endoscopic myotomy for esophageal achalasia in patients with previous Heller myotomy. Surg
Endosc 2017; 31: 2596-2601 [PMID: 27699518 DOL: 10.1007/s00464-016-5267-1]

Ngamruengphong S, Inoue H, Ujiki MB, Patel LY, Bapaye A, Desai PN, Dorwat S, Nakamura J, Hata Y,
Balassone V, Onimaru M, Ponchon T, Pioche M, Roman S, Rivory J, Mion F, Garros A, Draganov PV,
Perbtani Y, Abbas A, Pannu D, Yang D, Perretta S, Romanelli J, Desilets D, Hayee B, Haji A, Hajiyeva G,
Ismail A, Chen YI, Bukhari M, Haito-Chavez Y, Kumbhari V, Saxena P, Talbot M, Chiu PW, Yip HC,
Wong VW, Hernaez R, Maselli R, Repici A, Khashab MA. Efficacy and Safety of Peroral Endoscopic
Myotomy for Treatment of Achalasia After Failed Heller Myotomy. Clin Gastroenterol Hepatol 2017; 15:
1531-1537.e3 [PMID: 28189695 DOI: 10.1016/j.cgh.2017.01.031]

Patti MG, Andolfi C, Bowers SP, Soper NJ. POEM vs Laparoscopic Heller Myotomy and Fundoplication:
Which Is Now the Gold Standard for Treatment of Achalasia? J Gastrointest Surg 2017; 21: 207-214
[PMID: 27844266 DOI: 10.1007/s11605-016-3310-0]

Peng L, Tian S, Du C, Yuan Z, Guo M, Lu L. Outcome of Peroral Endoscopic Myotomy (POEM) for
Treating Achalasia Compared With Laparoscopic Heller Myotomy (LHM). Surg Laparosc Endosc
Percutan Tech 2017; 60-64 [PMID: 28145968 DOI: 10.1097/SLE.0000000000000368]

Zhang W, Linghu EQ. Peroral Endoscopic Myotomy for Type III Achalasia of Chicago Classification:
Outcomes with a Minimum Follow-Up of 24 Months. J Gastrointest Surg 2017; 21: 785-791 [PMID:
28315151 DOI: 10.1007/s11605-017-3398-x]

Zhang WG, Linghu EQ, Chai NL, Li HK. Ling classification describes endoscopic progressive process of
achalasia and successful peroral endoscopy myotomy prevents endoscopic progression of achalasia. World
J Gastroenterol 2017; 23: 3309-3314 [PMID: 28566891 DOI: 10.3748/wjg.v23.118.3309]

Pathak V, Allender JE, Grant MW. Management of anticoagulant and antiplatelet therapy in patients
undergoing interventional pulmonary procedures. Eur Respir Rev 2017; 26: pii: 170020 [PMID: 28724563
DOI: 10.1183/16000617.0020-2017]

Ren Z, Zhong Y, Zhou P, Xu M, Cai M, Li L, Shi Q, Yao L. Perioperative management and treatment for
complications during and after peroral endoscopic myotomy (POEM) for esophageal achalasia (EA) (data
from 119 cases). Surg Endosc 2012; 26: 3267-3272 [PMID: 22609984 DOI: 10.1007/s00464-012-2336-y]
Inoue H, Sato H, Ikeda H, Onimaru M, Sato C, Minami H, Yokomichi H, Kobayashi Y, Grimes KL, Kudo
SE. Per-Oral Endoscopic Myotomy: A Series of 500 Patients. J Am Coll Surg 2015; 221: 256-264 [PMID:
26206634 DOLI: 10.1016/j.jamcollsurg.2015.03.057]

Talukdar R, Inoue H, Nageshwar Reddy D. Efficacy of peroral endoscopic myotomy (POEM) in the
treatment of achalasia: a systematic review and meta-analysis. Surg Endosc 2015; 29: 3030-3046 [PMID:
25539695 DOI: 10.1007/s00464-014-4040-6]

Akintoye E, Kumar N, Obaitan I, Alayo QA, Thompson CC. Peroral endoscopic myotomy: a meta-
analysis. Endoscopy 2016; 48: 1059-1068 [PMID: 27617421 DOI: 10.1055/s-0042-114426]

Chiu PW, Inoue H, Résch T. From POEM to POET: Applications and perspectives for submucosal tunnel
endoscopy. Endoscopy 2016; 48: 1134-1142 [PMID: 27855465 DOI: 10.1055/s-0042-119395]
Eleftheriadis N, Inoue H, Ikeda H, Onimaru M, Maselli R, Santi G. Submucosal tunnel endoscopy:
Peroral endoscopic myotomy and peroral endoscopic tumor resection. World J Gastrointest Endosc 2016;
8: 86-103 [PMID: 26839649 DOI: 10.4253/wjge.v8.i2.86]

Kumbhari V, Familiari P, Bjerregaard NC, Pioche M, Jones E, Ko WJ, Hayee B, Cali A,
Ngamruengphong S, Mion F, Hernaez R, Roman S, Tieu AH, El Zein M, Ajayi T, Haji A, Cho JY, Hazey
J, Perry KA, Ponchon T, Kunda R, Costamagna G, Khashab MA. Gastroesophageal reflux after peroral
endoscopic myotomy: a multicenter case-control study. Endoscopy 2017; 49: 634-642 [PMID: 28472834

773 February 21,2019 | Volume25 | Issue7 |


http://www.ncbi.nlm.nih.gov/pubmed/7358270
https://dx.doi.org/10.1016/S0016-5107(80)73249-2
http://www.ncbi.nlm.nih.gov/pubmed/22482919
https://dx.doi.org/10.1016/j.gie.2012.02.008
http://www.ncbi.nlm.nih.gov/pubmed/25492452
https://dx.doi.org/10.1007/s00464-014-4013-9
http://www.ncbi.nlm.nih.gov/pubmed/26171430
https://dx.doi.org/10.1055/s-0034-1391668
http://www.ncbi.nlm.nih.gov/pubmed/27239118
https://dx.doi.org/10.3748/wjg.v22.i20.4918
http://www.ncbi.nlm.nih.gov/pubmed/28617027
https://dx.doi.org/10.17235/reed.2017.4773/2016
http://www.ncbi.nlm.nih.gov/pubmed/28361839
https://dx.doi.org/10.4103/1319-3767.203360
http://www.ncbi.nlm.nih.gov/pubmed/27699518
https://dx.doi.org/10.1007/s00464-016-5267-1
http://www.ncbi.nlm.nih.gov/pubmed/28189695
https://dx.doi.org/10.1016/j.cgh.2017.01.031
http://www.ncbi.nlm.nih.gov/pubmed/27844266
https://dx.doi.org/10.1007/s11605-016-3310-0
http://www.ncbi.nlm.nih.gov/pubmed/28145968
https://dx.doi.org/10.1097/SLE.0000000000000368
http://www.ncbi.nlm.nih.gov/pubmed/28315151
https://dx.doi.org/10.1007/s11605-017-3398-x
http://www.ncbi.nlm.nih.gov/pubmed/28566891
https://dx.doi.org/10.3748/wjg.v23.i18.3309
http://www.ncbi.nlm.nih.gov/pubmed/28724563
https://dx.doi.org/10.1183/16000617.0020-2017
http://www.ncbi.nlm.nih.gov/pubmed/22609984
https://dx.doi.org/10.1007/s00464-012-2336-y
http://www.ncbi.nlm.nih.gov/pubmed/26206634
https://dx.doi.org/10.1016/j.jamcollsurg.2015.03.057
http://www.ncbi.nlm.nih.gov/pubmed/25539695
https://dx.doi.org/10.1007/s00464-014-4040-6
http://www.ncbi.nlm.nih.gov/pubmed/27617421
https://dx.doi.org/10.1055/s-0042-114426
http://www.ncbi.nlm.nih.gov/pubmed/27855465
https://dx.doi.org/10.1055/s-0042-119395
http://www.ncbi.nlm.nih.gov/pubmed/26839649
https://dx.doi.org/10.4253/wjge.v8.i2.86
http://www.ncbi.nlm.nih.gov/pubmed/28472834

Chai NL et al. Consensus on the DETT

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

Jaishidengs WJG | https://www.wjgnet.com

DOI: 10.1055/5-0043-105485]

Rosch T, Repici A, Boeckxstaens G. Will Reflux Kill POEM? Endoscopy 2017; 49: 625-628 [PMID:
28658688 DOI: 10.1055/s-0043-112490]

Schlottmann F, Luckett DJ, Fine J, Shaheen NJ, Patti MG. Laparoscopic Heller Myotomy Versus Peroral
Endoscopic Myotomy (POEM) for Achalasia: A Systematic Review and Meta-analysis. Ann Surg 2018;
267: 451-460 [PMID: 28549006 DOI: 10.1097/SLA.0000000000002311]

Zhang XC, Li QL, Xu MD, Chen SY, Zhong YS, Zhang YQ, Chen WF, Ma LL, Qin WZ, Hu JW, Cai
MY, Yao LQ, Zhou PH. Major perioperative adverse events of peroral endoscopic myotomy: A systematic
S-year analysis. Endoscopy 2016; 48: 967-978 [PMID: 27448052 DOI: 10.1055/5-0042-110397]

Linghu EQ, Li HK, Wang XD, Peng LH, Wang YH. Fibrin sealant for closing the mucosal penetration at
the cardia during peroral endoscopic myotomy. Zhonghua Qiangjing Waike Zazhi (Electronic Edition)
2011; 4: 407-408

Li H, Linghu E, Wang X. Fibrin sealant for closure of mucosal penetration at the cardia during peroral
endoscopic myotomy (POEM). Endoscopy 2012; 44 Suppl 2 UCTN: E215-E216 [PMID: 22622752 DOI:
10.1055/s-0032-1309358]

Zhang WG, Linghu EQ, Li HK. Fibrin sealant for closure of mucosal penetration at the cardia during
peroral endoscopic myotomy: A retrospective study at a single center. World J Gastroenterol 2017, 23:
1637-1644 [PMID: 28321165 DOI: 10.3748/wjg.v23.19.1637]

Von Renteln D, Fuchs KH, Fockens P, Bauerfeind P, Vassiliou MC, Werner YB, Fried G, Breithaupt W,
Heinrich H, Bredenoord AJ, Kersten JF, Verlaan T, Trevisonno M, Rosch T. Peroral endoscopic myotomy
for the treatment of achalasia: an international prospective multicenter study. Gastroenterology 2013; 145:
309-11.e1-3 [PMID: 23665071 DOI: 10.1053/j.gastro0.2013.04.057]

Familiari P, Gigante G, Marchese M, Boskoski I, Tringali A, Perri V, Costamagna G. Peroral Endoscopic
Myotomy for Esophageal Achalasia: Outcomes of the First 100 Patients With Short-term Follow-up. 4nn
Surg 2016; 263: 82-87 [PMID: 25361224 DOI: 10.1097/SLA.0000000000000992]

Ramchandani M, Nageshwar Reddy D, Darisetty S, Kotla R, Chavan R, Kalpala R, Galasso D, Lakhtakia
S, Rao GV. Peroral endoscopic myotomy for achalasia cardia: Treatment analysis and follow up of over
200 consecutive patients at a single center. Dig Endosc 2016; 28: 19-26 [PMID: 26018637 DOI:
10.1111/den.12495]

von Renteln D, Inoue H, Minami H, Werner YB, Pace A, Kersten JF, Much CC, Schachschal G, Mann O,
Keller J, Fuchs KH, Rosch T. Peroral endoscopic myotomy for the treatment of achalasia: A prospective
single center study. Am J Gastroenterol 2012; 107: 411-417 [PMID: 22068665 DOI:
10.1038/ajg.2011.388]

Swanstrom LL, Kurian A, Dunst CM, Sharata A, Bhayani N, Rieder E. Long-term outcomes of an
endoscopic myotomy for achalasia: the POEM procedure. Ann Surg 2012; 256: 659-667 [PMID: 22982946
DOI: 10.1097/SLA.0b013e31826b5212]

Bhayani NH, Kurian AA, Dunst CM, Sharata AM, Rieder E, Swanstrom LL. A comparative study on
comprehensive, objective outcomes of laparoscopic Heller myotomy with per-oral endoscopic myotomy
(POEM) for achalasia. Ann Surg 2014; 259: 1098-1103 [PMID: 24169175 DOI:
10.1097/SLA.0000000000000268]

Teitelbaum EN, Dunst CM, Reavis KM, Sharata AM, Ward MA, DeMeester SR, Swanstrom LL. Clinical
outcomes five years after POEM for treatment of primary esophageal motility disorders. Surg Endosc
2018; 32: 421-427 [PMID: 28664434 DOI: 10.1007/s00464-017-5699-2]

Li QL, Wu QN, Zhang XC, Xu MD, Zhang W, Chen SY, Zhong YS, Zhang YQ, Chen WF, Qin WZ, Hu
JW, Cai MY, Yao LQ, Zhou PH. Outcomes of per-oral endoscopic myotomy for treatment of esophageal
achalasia with a median follow-up of 49 months. Gastrointest Endosc 2018; 87: 1405-1412.e3 [PMID:
29108981 DOI: 10.1016/j.gie.2017.10.031]

Hungness ES, Teitelbaum EN, Santos BF, Arafat FO, Pandolfino JE, Kahrilas PJ, Soper NJ. Comparison
of perioperative outcomes between peroral esophageal myotomy (POEM) and laparoscopic Heller
myotomy. J Gastrointest Surg 2013; 17: 228-235 [PMID: 23054897 DOI: 10.1007/s11605-012-2030-3]
Patel K, Abbassi-Ghadi N, Markar S, Kumar S, Jethwa P, Zaninotto G. Peroral endoscopic myotomy for
the treatment of esophageal achalasia: systematic review and pooled analysis. Dis Esophagus 2016; 29:
807-819 [PMID: 26175119 DOL: 10.1111/dote.12387]

Li QL, Chen WF, Zhang XC, Cai MY, Zhang YQ, Hu JW, He MJ, Yao LQ, Zhou PH, Xu MD.
Submucosal Tunneling Endoscopic Septum Division: A Novel Technique for Treating Zenker’s
Diverticulum. Gastroenterology 2016; 151: 1071-1074 [PMID: 27664512 DOI:
10.1053/j.gastro.2016.08.064]

Mou Y, Zeng H, Wang Q, Yi H, Liu W, Wen D, Tang C, Hu B. Giant mid-esophageal diverticula
successfully treated by per-oral endoscopic myotomy. Surg Endosc 2016; 30: 335-338 [PMID: 25854515
DOI: 10.1007/s00464-015-4181-2]

Brieau B, Leblanc S, Bordacahar B, Barret M, Coriat R, Prat F, Chaussade S. Submucosal tunneling
endoscopic septum division for Zenker's diverticulum: a reproducible procedure for endoscopists who
perform peroral endoscopic myotomy. Endoscopy 2017; 49: 613-614 [PMID: 28464200 DOI:
10.1055/s-0043-105574]

Hernandez Mondragon OV, Solorzano Pineda MO, Blancas Valencia JM. Zenker's diverticulum:
Submucosal tunneling endoscopic septum division (Z-POEM). Dig Endosc 2018; 30: 124 [PMID:
28875504 DOI: 10.1111/den.12958]

Benias PC, Khashab MA. Gastric Peroral Endoscopic Pyloromyotomy Therapy for Refractory
Gastroparesis. Curr Treat Options Gastroenterol 2017, 15: 637-647 [PMID: 29030799 DOI:
10.1007/s11938-017-0156-9]

Gonzalez JM, Benezech A, Vitton V, Barthet M. G-POEM with antro-pyloromyotomy for the treatment
of refractory gastroparesis: mid-term follow-up and factors predicting outcome. Aliment Pharmacol Ther
2017; 46: 364-370 [PMID: 28504312 DOI: 10.1111/apt.14132]

Khashab MA, Stein E, Clarke JO, Saxena P, Kumbhari V, Chander Roland B, Kalloo AN, Stavropoulos
S, Pasricha P, Inoue H. Gastric peroral endoscopic myotomy for refractory gastroparesis: first human
endoscopic pyloromyotomy (with video). Gastrointest Endosc 2013; 78: 764-768 [PMID: 24120337 DOI:
10.1016/5.ie.2013.07.019]

Mekaroonkamol P, Li LY, Dacha S, Xu Y, Keilin SD, Willingham FF, Cai Q. Gastric peroral endoscopic
pyloromyotomy (G-POEM) as a salvage therapy for refractory gastroparesis: A case series of different
subtypes. Neurogastroenterol Motil 2016; 28: 1272-1277 [PMID: 27197717 DOIL: 10.1111/nmo.12854]
Dacha S, Mekaroonkamol P, Li L, Shahnavaz N, Sakaria S, Keilin S, Willingham F, Christie J, Cai Q.

774 February 21,2019 | Volume25 | Issue7 |


https://dx.doi.org/10.1055/s-0043-105485
http://www.ncbi.nlm.nih.gov/pubmed/28658688
https://dx.doi.org/10.1055/s-0043-112490
http://www.ncbi.nlm.nih.gov/pubmed/28549006
https://dx.doi.org/10.1097/SLA.0000000000002311
http://www.ncbi.nlm.nih.gov/pubmed/27448052
https://dx.doi.org/10.1055/s-0042-110397
http://www.ncbi.nlm.nih.gov/pubmed/22622752
https://dx.doi.org/10.1055/s-0032-1309358
http://www.ncbi.nlm.nih.gov/pubmed/28321165
https://dx.doi.org/10.3748/wjg.v23.i9.1637
http://www.ncbi.nlm.nih.gov/pubmed/23665071
https://dx.doi.org/10.1053/j.gastro.2013.04.057
http://www.ncbi.nlm.nih.gov/pubmed/25361224
https://dx.doi.org/10.1097/SLA.0000000000000992
http://www.ncbi.nlm.nih.gov/pubmed/26018637
https://dx.doi.org/10.1111/den.12495
http://www.ncbi.nlm.nih.gov/pubmed/22068665
https://dx.doi.org/10.1038/ajg.2011.388
http://www.ncbi.nlm.nih.gov/pubmed/22982946
https://dx.doi.org/10.1097/SLA.0b013e31826b5212
http://www.ncbi.nlm.nih.gov/pubmed/24169175
https://dx.doi.org/10.1097/SLA.0000000000000268
http://www.ncbi.nlm.nih.gov/pubmed/28664434
https://dx.doi.org/10.1007/s00464-017-5699-2
http://www.ncbi.nlm.nih.gov/pubmed/29108981
https://dx.doi.org/10.1016/j.gie.2017.10.031
http://www.ncbi.nlm.nih.gov/pubmed/23054897
https://dx.doi.org/10.1007/s11605-012-2030-3
http://www.ncbi.nlm.nih.gov/pubmed/26175119
https://dx.doi.org/10.1111/dote.12387
http://www.ncbi.nlm.nih.gov/pubmed/27664512
https://dx.doi.org/10.1053/j.gastro.2016.08.064
http://www.ncbi.nlm.nih.gov/pubmed/25854515
https://dx.doi.org/10.1007/s00464-015-4181-2
http://www.ncbi.nlm.nih.gov/pubmed/28464200
https://dx.doi.org/10.1055/s-0043-105574
http://www.ncbi.nlm.nih.gov/pubmed/28875504
https://dx.doi.org/10.1111/den.12958
http://www.ncbi.nlm.nih.gov/pubmed/29030799
https://dx.doi.org/10.1007/s11938-017-0156-9
http://www.ncbi.nlm.nih.gov/pubmed/28504312
https://dx.doi.org/10.1111/apt.14132
http://www.ncbi.nlm.nih.gov/pubmed/24120337
https://dx.doi.org/10.1016/j.gie.2013.07.019
http://www.ncbi.nlm.nih.gov/pubmed/27197717
https://dx.doi.org/10.1111/nmo.12854

123

124

125

126

127

128

129

130

131

132

133
134

135

136

137

138

139

140

141

142

143

144

145

146

147

Jaishidengs WJG | https://www.wjgnet.com

Chai NL et al. Consensus on the DETT

Outcomes and quality-of-life assessment after gastric per-oral endoscopic pyloromyotomy (with video).
Gastrointest Endosc 2017; 86: 282-289 [PMID: 28161449 DOI: 10.1016/j.gie.2017.01.031]

Linghu E, Zhang YC. Resection of muscularis propria through tunnel in pigs. Zhonghua Qiangjing Waike
Zazhi 2011; 4: 392-393

Xu MD, Cai MY, Zhou PH, Qin XY, Zhong YS, Chen WF, Hu JW, Zhang YQ, Ma LL, Qin WZ, Yao LQ.
Submucosal tunneling endoscopic resection: A new technique for treating upper GI submucosal tumors
originating from the muscularis propria layer (with videos). Gastrointest Endosc 2012; 75: 195-199
[PMID: 22056087 DOI: 10.1016/j.gie.2011.08.018]

Zhou DJ, Dai ZB, Wells MM, Yu DL, Zhang J, Zhang L. Submucosal tunneling and endoscopic resection
of submucosal tumors at the esophagogastric junction. World J Gastroenterol 2015; 21: 578-583 [PMID:
25593479 DOL: 10.3748/wjg.v21.i2.578]

Lu J, Jiao T, Zheng M, Lu X. Endoscopic resection of submucosal tumors in muscularis propria: the
choice between direct excavation and tunneling resection. Surg Endosc 2014; 28: 3401-3407 [PMID:
24986008 DOI: 10.1007/s00464-014-3610-y]

Mao XL, Ye LP, Zheng HH, Zhou XB, Zhu LH, Zhang Y. Submucosal tunneling endoscopic resection
using methylene-blue guidance for cardial subepithelial tumors originating from the muscularis propria
layer. Dis Esophagus 2017; 30: 1-7 [PMID: 28375471 DOI: 10.1093/dote/dow023]

Chen T, Zhou PH, Chu Y, Zhang YQ, Chen WF, Ji Y, Yao LQ, Xu MD. Long-term Outcomes of
Submucosal Tunneling Endoscopic Resection for Upper Gastrointestinal Submucosal Tumors. Ann Surg
2017; 265: 363-369 [PMID: 28059965 DOI: 10.1097/SLA.0000000000001650]

Jain D, Desai A, Mahmood E, Singhal S. Submucosal tunneling endoscopic resection of upper
gastrointestinal tract tumors arising from muscularis propria. Ann Gastroenterol 2017; 30: 262-272
[PMID: 28469356 DOI: 10.20524/a0g.2017.0128]

Li QY, Meng Y, Xu YY, Zhang Q, Cai JQ, Zheng HX, Qing HT, Huang SL, Han ZL, Li AM, Huang Y,
Zhang YL, Zhi FC, Cai RJ, Li Y, Gong W, Liu SD. Comparison of endoscopic submucosal tunneling
dissection and thoracoscopic enucleation for the treatment of esophageal submucosal tumors. Gastrointest
Endosc 2017, 86: 485-491 [PMID: 27899323 DOL: 10.1016/j.gie.2016.11.023]

Liu BR, Song JT. Submucosal Tunneling Endoscopic Resection (STER) and Other Novel Applications of
Submucosal Tunneling in Humans. Gastrointest Endosc Clin N Am 2016; 26: 271-282 [PMID: 27036897
DOI: 10.1016/j.giec.2015.12.003]

Xiong Y, Hu H, Gao Y, Linghu E, Wang X, Wang A. [Endoscopic esophageal submucosal tunnel
resection of cardiac benign tumors originating from muscularis propria]. Zhonghua Yi Xue Za Zhi 2014;
94: 3655-3657 [PMID: 25622959]

Linghu E. Therapeutics of digestive endoscopic tunnel technique. Berlin: Springer 2013;

Xiong Y, Hu HQ, Gao Y, Linghu E, Wang AM, Li YP, Wang XD, Geng Y. Clinical value of preopertive
mark for the submucosal tumors originating from the muscularis propria around the cardia in submucosal
tunnel. Zhonghua Xiaohua Neijing Zazhi 2015; 32: 240-242

Wang ZB, Jiang ZD, Zhang ZY, Zhang YH. Method for the detection of submucosal tumors of the
esophagus in submucosal tunnel under the preoperative identification. Zhongguo Neijing Zazhi 2017; 23:
48-51

Liu DL, Tan YY, Zhou YQ, Zhang J, Wang YJ, Zhang CJ, Huo JR. Clinical practice of submucosal
tunneling endoscopic resection for submucosal tumors of the upper gastrointestinal originating from the
muscularis propria layer. Zhonghua Xiaohua Zazhi 2014; 34: 840-842

Chen T, Zhang C, Yao LQ, Zhou PH, Zhong YS, Zhang YQ, Chen WF, Li QL, Cai MY, Chu Y, Xu MD.
Management of the complications of submucosal tunneling endoscopic resection for upper gastrointestinal
submucosal tumors. Endoscopy 2016; 48: 149-155 [PMID: 26517846 DOI: 10.1055/5-0034-1393244]

Du C, Linghu E. Submucosal Tunneling Endoscopic Resection for the Treatment of Gastrointestinal
Submucosal Tumors Originating from the Muscularis Propria Layer. J Gastrointest Surg 2017; 21: 2100-
2109 [PMID: 29043576 DOL: 10.1007/s11605-017-3579-7]

Li QL, Chen WF, Zhang C, Hu JW, Zhou PH, Zhang YQ, Zhong Y'S, Yao LQ, Xu MD. Clinical impact of
submucosal tunneling endoscopic resection for the treatment of gastric submucosal tumors originating
from the muscularis propria layer (with video). Surg Endosc 2015; 29: 3640-3646 [PMID: 25740640 DOI:
10.1007/s00464-015-4120-2]

Demetri GD, von Mehren M, Antonescu CR, DeMatteo RP, Ganjoo KN, Maki RG, Pisters PW, Raut CP,
Riedel RF, Schuetze S, Sundar HM, Trent JC, Wayne JD. NCCN Task Force report: update on the
management of patients with gastrointestinal stromal tumors. J Nat/ Compr Canc Netw 2010; 8 Suppl 2:
S1-S41; quiz S42-S44 [PMID: 20457867 DOI: 10.1002/js0.21485]

Inoue H, Ikeda H, Hosoya T, Onimaru M, Yoshida A, Eleftheriadis N, Maselli R, Kudo S. Submucosal
endoscopic tumor resection for subepithelial tumors in the esophagus and cardia. Endoscopy 2012; 44:
225-230 [PMID: 22354822 DOI: 10.1055/5-0031-1291659]

Liu BR, Song JT, Kong LJ, Pei FH, Wang XH, Du YJ. Tunneling endoscopic muscularis dissection for
subepithelial tumors originating from the muscularis propria of the esophagus and gastric cardia. Surg
Endosc 2013; 27: 4354-4359 [PMID: 23765425 DOI: 10.1007/s00464-013-3023-3]

Gong W, Xiong Y, Zhi F, Liu S, Wang A, Jiang B. Preliminary experience of endoscopic submucosal
tunnel dissection for upper gastrointestinal submucosal tumors. Endoscopy 2012; 44: 231-235 [PMID:
22354823 DOI: 10.1055/5-0031-1291720]

Wang XY, Xu MD, Yao LQ, Zhou PH, Pleskow D, Li QL, Zhang YQ, Chen WF, Zhong YS. Submucosal
tunneling endoscopic resection for submucosal tumors of the esophagogastric junction originating from the
muscularis propria layer: a feasibility study (with videos). Surg Endosc 2014; 28: 1971-1977 [PMID:
24515260 DOI: 10.1007/s00464-014-3420-2]

Tan Y, Lv L, Duan T, Zhou J, Peng D, Tang Y, Liu D. Comparison between submucosal tunneling
endoscopic resection and video-assisted thoracoscopic surgery for large esophageal leiomyoma originating
from the muscularis propria layer. Surg Endosc 2016; 30: 3121-3127 [PMID: 26487221 DOI:
10.1007/s00464-015-4567-1]

Wang H, Tan Y, Zhou Y, Wang Y, Li C, Zhou J, Duan T, Zhang J, Liu D. Submucosal tunneling
endoscopic resection for upper gastrointestinal submucosal tumors originating from the muscularis propria
layer. Eur J Gastroenterol Hepatol 2015; 27: 776-780 [PMID: 25966671 DOI:
10.1097/MEG.0000000000000394]

Lu J, Zheng M, Jiao T, Wang Y, Lu X. Transcardiac tunneling technique for endoscopic submucosal
dissection of gastric fundus tumors arising from the muscularis propria. Endoscopy 2014; 46: 888-892
[PMID: 25036658 DOL: 10.1055/5-0034-1377442]

775 February 21,2019 | Volume25 | Issue7 |


http://www.ncbi.nlm.nih.gov/pubmed/28161449
https://dx.doi.org/10.1016/j.gie.2017.01.031
http://www.ncbi.nlm.nih.gov/pubmed/22056087
https://dx.doi.org/10.1016/j.gie.2011.08.018
http://www.ncbi.nlm.nih.gov/pubmed/25593479
https://dx.doi.org/10.3748/wjg.v21.i2.578
http://www.ncbi.nlm.nih.gov/pubmed/24986008
https://dx.doi.org/10.1007/s00464-014-3610-y
http://www.ncbi.nlm.nih.gov/pubmed/28375471
https://dx.doi.org/10.1093/dote/dow023
http://www.ncbi.nlm.nih.gov/pubmed/28059965
https://dx.doi.org/10.1097/SLA.0000000000001650
http://www.ncbi.nlm.nih.gov/pubmed/28469356
https://dx.doi.org/10.20524/aog.2017.0128
http://www.ncbi.nlm.nih.gov/pubmed/27899323
https://dx.doi.org/10.1016/j.gie.2016.11.023
http://www.ncbi.nlm.nih.gov/pubmed/27036897
https://dx.doi.org/10.1016/j.giec.2015.12.003
http://www.ncbi.nlm.nih.gov/pubmed/25622959
http://www.ncbi.nlm.nih.gov/pubmed/26517846
https://dx.doi.org/10.1055/s-0034-1393244
http://www.ncbi.nlm.nih.gov/pubmed/29043576
https://dx.doi.org/10.1007/s11605-017-3579-7
http://www.ncbi.nlm.nih.gov/pubmed/25740640
https://dx.doi.org/10.1007/s00464-015-4120-2
http://www.ncbi.nlm.nih.gov/pubmed/20457867
https://dx.doi.org/10.1002/jso.21485
http://www.ncbi.nlm.nih.gov/pubmed/22354822
https://dx.doi.org/10.1055/s-0031-1291659
http://www.ncbi.nlm.nih.gov/pubmed/23765425
https://dx.doi.org/10.1007/s00464-013-3023-3
http://www.ncbi.nlm.nih.gov/pubmed/22354823
https://dx.doi.org/10.1055/s-0031-1291720
http://www.ncbi.nlm.nih.gov/pubmed/24515260
https://dx.doi.org/10.1007/s00464-014-3420-2
http://www.ncbi.nlm.nih.gov/pubmed/26487221
https://dx.doi.org/10.1007/s00464-015-4567-1
http://www.ncbi.nlm.nih.gov/pubmed/25966671
https://dx.doi.org/10.1097/MEG.0000000000000394
http://www.ncbi.nlm.nih.gov/pubmed/25036658
https://dx.doi.org/10.1055/s-0034-1377442

Chai NL et al. Consensus on the DETT

148

149

150

151

152

153

154

155

Jaishidengs WJG | https://www.wjgnet.com

Ye LP, Zhang Y, Mao XL, Zhu LH, Zhou X, Chen JY. Submucosal tunneling endoscopic resection for
small upper gastrointestinal subepithelial tumors originating from the muscularis propria layer. Surg
Endosc 2014; 28: 524-530 [PMID: 24013472 DOI: 10.1007/s00464-013-3197-8]

LiB, LiuJ, Lu Y, Hao J, Liu H, Jiang J, Jiang Y, Qin C, Xu H. Submucosal tunneling endoscopic
resection for tumors of the esophagogastric junction. Minim Invasive Ther Allied Technol 2016; 25: 141-
147 [PMID: 27049345 DOI: 10.3109/13645706.2016.1167085]

Hu JW, Zhou PH, Yao LQ, Chen WF, Zhang YQ, Zhong YS, Xu MD. [Submucosal tunneling endoscopic
resection in the treatment of rectal submucosal tumors originating from muscularis propria]. Zhonghua Wei
Chang Wai Ke Za Zhi 2013; 16: 1155-1158 [PMID: 24369396]

Lv XH, Wang CH, Xie Y. Efficacy and safety of submucosal tunneling endoscopic resection for upper
gastrointestinal submucosal tumors: A systematic review and meta-analysis. Surg Endosc 2017; 31: 49-63
[PMID: 27287907 DOI: 10.1007/s00464-016-4978-7]

Chen T, Lin ZW, Zhang YQ, Chen WF, Zhong YS, Wang Q, Yao LQ, Zhou PH, Xu MD. Submucosal
Tunneling Endoscopic Resection vs Thoracoscopic Enucleation for Large Submucosal Tumors in the
Esophagus and the Esophagogastric Junction. J Am Coll Surg 2017; 225: 806-816 [PMID: 28923691 DOI:
10.1016/j.jamcollsurg.2017.09.002]

Tang X, Ren Y, Huang S, Gao Q, Zhou J, Wei Z, Jiang B, Gong W. Endoscopic Submucosal Tunnel
Dissection for Upper Gastrointestinal Submucosal Tumors Originating from the Muscularis Propria Layer:
A Single-Center Study. Gut Liver 2017; 11: 620-627 [PMID: 28335098 DOI: 10.5009/gnl15424]

LiZ, Gao Y, Chai N, Xiong Y, Ma L, Zhang W, Du C, Linghu E. Effect of submucosal tunneling
endoscopic resection for submucosal tumors at esophagogastric junction and risk factors for failure of en
bloc resection. Surg Endosc 2018; 32: 1326-1335 [PMID: 28812158 DOI: 10.1007/s00464-017-5810-8]
Chai N, Du C, Gao Y, Niu X, Zhai Y, Linghu E, Liu Y, Yang B, Lu Z, Li Z, Wang X, Tang P.
Comparison between submucosal tunneling endoscopic resection and video-assisted thoracoscopic
enucleation for esophageal submucosal tumors originating from the muscularis propria layer: A
randomized controlled trial. Surg Endosc 2018; 32: 3364-3372 [PMID: 29340815 DOI:
10.1007/s00464-018-6057-8]

P- Reviewer: Berger BM, Bustamante-Balén M, McCarthy M, Scorsetti M
S- Editor: Yan JP  L- Editor: Wang TQ E- Editor: Huang Y

:
)
e

776 February 21,2019 | Volume25 | Issue7 |


http://www.ncbi.nlm.nih.gov/pubmed/24013472
https://dx.doi.org/10.1007/s00464-013-3197-8
http://www.ncbi.nlm.nih.gov/pubmed/27049345
https://dx.doi.org/10.3109/13645706.2016.1167085
http://www.ncbi.nlm.nih.gov/pubmed/24369396
http://www.ncbi.nlm.nih.gov/pubmed/27287907
https://dx.doi.org/10.1007/s00464-016-4978-7
http://www.ncbi.nlm.nih.gov/pubmed/28923691
https://dx.doi.org/10.1016/j.jamcollsurg.2017.09.002
http://www.ncbi.nlm.nih.gov/pubmed/28335098
https://dx.doi.org/10.5009/gnl15424
http://www.ncbi.nlm.nih.gov/pubmed/28812158
https://dx.doi.org/10.1007/s00464-017-5810-8
http://www.ncbi.nlm.nih.gov/pubmed/29340815
https://dx.doi.org/10.1007/s00464-018-6057-8

JRnishideng®

Published By Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk:http://www.f6publishing.com/helpdesk

http://www.wjgnet.com

© 2019 Baishideng Publishing Group Inc. All rights reserved.




