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Abstract: Progress in the endoscopy technology field led to an increase in the diagnosis of early

gastrointestinal (GI) superficial lesions and to an improvement of their treatment. Endoscopic submucosal

dissection (ESD) has been developed in Japan with the aim of removing such lesions in one piece, in order

to obtain a curative resection and to minimize the risk of local recurrence, and to preserve the native organ.

ESD is widely used in Asia for the treatment of early upper and lower GI lesions and is currently gaining

attention in Western countries too. However, ESD can be safely performed only by expert endoscopists and

in specific clinical settings. Therefore, prior to decide whether ESD is feasible or not, the target lesion must

be carefully assessed, in order to understand whether or not it is eligible for submucosal dissection. The aim

of this paper is to review indications, limitations and technical aspects of upper GI ESD.
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Introduction

The diagnosis of early neoplastic lesions of the
gastrointestinal (GI) tract has increased in the last two
decades thanks to the widespread use of GI endoscopy
and to the progress and innovation of the endoscopic
technology field. For many years, surgery was the treatment
of choice for superficial, early stage GI tumors but it was
associated to high morbidity rate and reduced quality of
life (1). In order to avoid invasive surgery and, therefore,
to allow the preservation of the native organ, advanced
endoscopic techniques have been developed to treat
superficial GI lesions. Most early stage GI cancers can be
treated by endoscopic mucosal resection (EMR), which
involves the elevation of the lesion through the injection of
EMR solution (usually a mixture of saline solution, indigo
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carmine and adrenaline) and then the resection of the lesion
by using a polypectomy snare (2). GI lesions smaller than
20 mm in size can be safely removed en bloc with EMR, but
bigger lesions (>20 mm) usually require piecemeal EMR
(EPMR), which is associated to a lower curative rate (3) and
to a higher risk of recurrence (4,5). Moreover, even lesions
smaller than 20 mm can be sometimes difficult to treat with
EMR, because of their tricky location (such as behind a fold,
on a corner or near a diverticulum) and/or for the presence
of non-lifting sign (6). To overcome such limitations, in the
mid-1990s, Japanese endoscopists developed endoscopic
submucosal dissection (ESD), a technique that allows ez bloc
resection of early stage GI lesions, regardless of their shape
and size. Since ESD was first performed, many scientific
papers comparing ESD and EMR have been published in
literature, with the aim of identifying statistically significant
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differences between the two procedures in terms of risks
and benefits. In particular, a recent meta-analysis put
together the results of several retrospective observational
studies providing a total of 2,299 lesions (7). Although
such studies were biased by differences in polyps’ size and
location, results showed that en bloc resection rate and
radical (RO) resection rate were higher and the recurrence
rate was lower in the ESD group (91.7%, 80.3% and 0.9%,
respectively) compared to the EMR group (46.7%, 42.3%
and 12.2%, respectively). However, ESD is a technically
difficult procedure, which requires a specialized training
and a sufficient clinical expertise. Moreover, ESD requires
a longer procedure time and is associated to a higher risk
of perforation compared to EMR (5.7% for ESD versus
1.4% for EMR polypectomy) (7-9). ESD is now widely
used in Asia for the treatment of early gastric cancer (EGC)
(10-12) and colorectal malignant tumors (13), where it
has been shown to be an effective and reasonably safe
procedure. In Western countries ESD is not widely
accepted yet, both because EGC is less common than in
Asia, and therefore Western endoscopists are not provided
with sufficient opportunities to start their training in easier
locations (such as gastric antrum), and because an adequate
training is still lacking. Nevertheless, in the last years, ESD
has gained more attention among the Western endoscopists
and it has been used by the trained ones for the treatment
of both upper and lower GI lesions; this is also because of
the technological improvement in the endoscopy field.

The aim of this paper is to provide endoscopists with a
review about indications, limitations and technical aspects
of upper GI ESD.

Eligibility criteria for ESD

The main difference between surgery and endoscopic
treatment of superficial neoplastic lesions is the possibility
to perform lymph node resection. Therefore, it is clear
that endoscopic therapy can only be considered in case
of lesions associated to a negligible risk of lymph node
metastasis, or when the risk of metastasis is lower compared
to the risk of mortality possibly related to surgery. The risk
of lymph node metastasis is mostly associated to lesion’s
depth of invasion, which, therefore, needs to be carefully
evaluated before the procedure. Endoscopic evaluation
of tumor’s depth varies upon the location along the GI
tract and is based on particular imaging techniques, such
as chromoendoscopy and virtual chromoendoscopy with
magnification, which help in estimating not only the depth
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of invasion, but also lesion’s microsurface and microvascular
pattern (14). However, the real depth of invasion can only
be assessed through the histological analysis of the resected
specimen, which is of main importance to identify high-risk
features requiring surgery.

Esophagus
Squamous cell carcinoma (SCC)

Esophageal ESD should be performed only in highly
specialized centers, as it is technically more difficult
compared to ESD in the rest of the GI tract. Indeed,
esophageal lumen is narrow, the wall is thin, and the
esophagus moves with respiration and heartbeat (15). SCC
is usually associated to a high risk of lymph node metastasis
even with early lesions, because the lymphatics penetrate
the muscularis mucosae, therefore an en bloc RO resection is
of main importance to obtain a better and longer disease-
free survival. The size of the lesion is the main criterion to
choose between EMR and ESD. EMR may be preferred
for the removal of lesions <15 mm, as it usually has a safer
profile compare to ESD (14). ESD can be considered the
treatment of choice for lesions >15 mm, with poor lifting
sign and for lesions possibly associated to submucosal
invasion (14). However, a meta-analysis (16) showed that
even for lesions <10 mm ESD should be preferred over
EMR as the recurrence rate is lower with ESD. Based
on such results, the European Society of Gastrointestinal
Endoscopy (ESGE) suggests ESD to be the treatment of
choice for any size SCC with negligible risk of lymph node
metastasis and cap-assisted EMR (EMRc) to be used as an
acceptable option for SCC <10 mm (17).

With respect to the Japanese Esophageal Society
Guidelines for ESD of SCC, indications have been divided
into two groups (18), as it is shown in Table I

()  Absolute indications: intramucosal SCC involving
the epithelium and lamina propria and occupying
<2/3 of the esophageal circumference;

(II) Relative indications: SCC involving the muscularis
mucosae or <200 pm invasion of the submucosa and
occupying <3/4 of the esophageal circumference.

Circumferential involvement has to be carefully
considered when choosing eligible candidates, as a defect
involving more than 3/4 of the circumference may lead
to esophageal stricture (19). However, some studies in
literature (20,21) showed the effectiveness of oral and
intralesional steroids administration to prevent stricture
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Table 1 Indications for ESD of SCC according to Japanese
Esophageal Society Guidelines

Absolute indications
T1a SCC involving the epithelium or lamina propria
<2/3 of esophageal circumference

Relative indications

SCC involving the muscularis mucosae or <200 ym submucosa
invasion

<3/4 of esophageal circumference

ESD, endoscopic submucosal dissection; SCC, squamous cell
carcinoma.

Figure 1 Flat SCC of the mid esophagus seen with Lugol staining

and high-resolution endoscope. SCC, squamous cell carcinoma.

formation after ESD; therefore their use may overcome the
size limitation.

Barrett’s esophagus (BE)-associated adenocarcinoma

So far, a very few data have been published in literature
about ESD for the treatment of BE-associated
adenocarcinoma (22-24), as in Asia BE and esophageal
adenocarcinoma (EAC) are quite uncommon. On the
contrary, in Western countries BE is a quite common
diagnosis and EAC is the predominant esophageal
malignancy. In the West, EMR for dysplastic BE
associated to visible lesions has been shown to be safe and
effective (25) and is therefore considered the treatment of
choice (17). ESD should be considered only for lesions
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>15 mm, with poor lifting sign and when submucosal
invasion is suspected (17).

Pre-procedural evaluation

Lesions should be evaluated by an expert endoscopist
with advanced imaging techniques in order to confirm the
presence of invasive features and to accurately delineate
the margins, as the size of the tumor and evidence of
submucosal invasion will determine the choice between
EMR and ESD. Not all the esophageal lesions are visible,
as many of them present as flat, subtle neoplasia difficult
to detect; however, high-resolution endoscopes are able
to identify such lesions when used by an expert eye (26).
Every visible lesion should be described according to
Paris classification, as it is indicative of lesion’s malignant
potential (27). In order to detect the lesion and carefully
delineate the margins, chromoendoscopy has been shown to
be very helpful. In particular, Lugol has been used to detect
SCC (Figure I) and acetic acid for BE, but it is important
to underline that the outcome depends on the expertise and
experience of the endoscopist. With the improvement of
the endoscopic technology field, virtual chromoendoscopy
with magnifying endoscopy has become available. It
allows chromoendoscopy without the use of dyes and it is
based either on light filters [Narrow Band Imaging (NBI),
Olympus, Tokyo, Japan] or on digital processing after
image acquisition [i-Scan, Pentax, Tokyo, Japan; Intelligent
Chromoendoscopy (FICE), Fujinon, Saitama, Japan]. NBI
is the most diffuse and used technique in the endoscopy
field and also the most studied for the esophagus. With
respect to SCC, it has been shown that NBI has the same
sensitivity and superior specificity compared to Lugol (28),
while for BE one study in literature showed that NBI has
96% sensitivity and 94% specificity for the diagnosis of high
grade intraepithelial neoplasia (HGIN) (29). The evaluation
of capillary loops with NBI is particularly important to
estimate the invasive depth of esophageal lesions (30).

Once an accurate tumor assessment has been done, it is
of main importance to confirm the presence of dysplasia
through biopsies prior to endoscopic removal. There are
no guidelines about the number of biopsies needed, but the
general trend is toward as less biopsies as possible in order
to minimize the risk of submucosal fibrosis, which may lead
to a tricky dissection.

With respect to imaging examination, computed
tomography (CT) scan and endoscopic ultrasonography
(EUS) are usually not recommended before esophageal
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Table 2 Indications for gastric ESD according to Japanese Gastric Cancer Association guidelines

Expanded indications

Absolute indications

A B C
Histologic type Differentiated Differentiated Differentiated Undifferentiated
Tumor size (mm) <20 >20 <30 <20
Ulceration Negative Negative Positive Negative
Depth of invasion T1a T1a T1a T1a

ESD, endoscopic submucosal dissection.

ESD. EUS should be considered only when submucosal
invasion and/or lymph node involvement are suspected (17).

Outcomes for esophageal lesions

ESD for esophageal lesions has been shown to be safe,
effective and able to reach an en bloc resection in a
percentage of patients that varies between 85% and 100%
(31,32). Moreover, compared to EMR, ESD has been shown
to be superior in terms of complete resection, curative
rate and recurrence free survival (1,33). Complication rate
(including, bleeding, perforation and stricture formation)
is higher with ESD than EMR, but patients usually recover
completely (1,31).

Stomach

Gastric cancer is one of the most common neoplasia in
Japan, where widespread screening programs led to early
diagnosis and early treatment of such disease (34). Indeed,
>50% of gastric cancer is diagnosed as EGC in Japan (35,36).
EMR was the first endoscopic treatment to be developed
as an alternative to surgery for EGC. Some studies showed
that EMR was curative for about 85% of EGC cases (37,38)
but was associated with a high rate of local recurrence (37).
Later on, ESD was developed as an alternative to EMR
and was shown to be associated to a higher rate of en bloc
resection of bigger lesions and to a lower recurrence rate
(39,40). Nevertheless, these better outcomes were associated
to longer procedure time and higher risk of perforation as
shown by two meta-analysis (41,42). However, no death was
attributed to perforation in the aforesaid studies and authors
concluded that ESD was better than EMR for the treatment
of superficial gastric lesions, even though ESD has a slightly
higher risk of perforation.

ESD is now considered by the Japanese guidelines as the
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treatment of choice for EGC with negligible risk of lymph
node metastasis (11,43). With this respect, gastrectomy
specimens have been analysed in order to find the relevant
features related to the risk of lymph node metastasis (44,45),
which are as follow: undifferentiated type, size >20 mm,
submucosal invasion, lymphatic involvement, ulceration.
Therefore, ESD is considered as an absolute indication in
T'la differentiated-type lesions smaller than 20 mm, with no
ulcerative findings (11). Expanded criteria for gastric ESD
were then introduced in order to include those patients who
were shown to have a low risk of lymph node metastasis,
which outweighed the risk of surgery (46,47) (1able 2).

In Western countries, data on and experience in ESD for
the treatment of gastric neoplastic lesions are still scanty,
as the prevalence of gastric cancer is remarkably lower
than in Asia. However, Western endoscopists performing
ESD have now adopted the Japanese indications as shown
in Tuble 2. ESGE recommends ESD as the treatment of
choice for most superficial gastric lesions, with EMR being
preferable only in cases of lesions <15 mm with a very low
probability of advanced histology (0-Ila according to Paris
classification) (17).

Pre-procedural evaluation

Prior to decide whether ESD is feasible or not, it is
important to carefully assess the gastric lesion. Magnifying
endoscopy with indigo carmine or virtual chromoendoscopy
helps in diagnosing, staging and delineating tumor margins.
Margins delineation can be tricky in undifferentiated
EGC (48) because of the presence of proliferative zone
extension (49); in such cases, underwater technique can
be used together with magnification and NBI in order to
improve the visualization of the demarcation line. Advanced
imaging techniques are also useful to predict the histology
type until a certain extent (50,51). However, histology
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Figure 2 Margins delineation of EGC in the gastric fundus with
NBI and magnification. EGC, early gastric cancer; NBI, narrow

band imaging.

type must be always determined by sample biopsies prior
to endoscopic procedure. In particular, only one biopsy
should be taken in order to minimize the risk of submucosal
fibrosis; biopsies from the surrounding area are allowed only
in case of undifferentiated EGC with indefinite margins (52).
EUS, CT scan or other imaging examination are not
routinely recommended prior to gastric ESD. Indeed,
endoscopic findings alone are usually accurate enough to
predict the depth of invasion and tumor stage. In particular,
findings associated with mucosal disease only, such as
protrusion or depression of a smooth surface, modest
elevation of the margins and smooth tapering of converting
folds, are indicative of ESD feasibility. Therefore, ESGE
suggests that an accurate endoscopic evaluation is sufficient
to assess whether ESD is feasible or not, with EUS to be
used only in selected cases (17). CT scan is usually not
necessary, as the risk of lymph node metastasis for EGC
considered suitable for ESD is extremely low (46,53).

Outcomes for gastric lesions

As already stated before, ESD is now considered the
treatment of choice for EGC. Indeed, compared to EMR,
ESD showed a higher en bloc and RO resection rate and a
lower risk of local recurrence (10,54). Data comparing ESD
to surgery are limited. One retrospective study (55) showed
that patients with EGC who underwent surgery had longer
operative time and hospital stay, higher complication rate
but similar oncological outcomes compared to ESD.
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The largest series in literature on patients with EGC
who underwent ESD showed a 5-year survival rate of
92.6%, a 5-year disease-specific survival rate of 99.9% and a
S-year relative survival rate of 105% (56). Local recurrence
after curative gastric ESD is extremely unlikely and only
one case has been reported in literature (57).

Duodenum

There are only a few data in literature about ESD for the
treatment of duodenal lesions (58-60), as primary small
bowel carcinomas are usually rare. Although such data
showed good en bloc resection rates (>70-80%), perforation
rate was quite high (>30%) and some patients had delayed
perforation, which required surgery. Moreover, ESD
showed no differences in terms of long-term outcomes and
survival when compared to EMR (58). For these reasons,
ESGE does not recommend ESD for the treatment of
superficial duodenal lesions, which are preferably treated
with EMR and EPMR. Indeed, these techniques have a
good safety profile and local recurrence is not that frequent
(58,61). However, the majority of duodenal lesions included
in the aforesaid studies were adenomas with very few cases
of intramucosal and submucosal adenocarcinomas, and the
risk of lymph node metastasis associated to such carcinomas
has not been well described yet (17).

Technique

ESD consists of four steps, which are as follow: (I) margins
delineation; (II) marking of the target lesion; (III) mucosal
incision; (IV) submucosal dissection.

Margins delineation

The first, very important step of upper GI ESD is
represented by an accurate definition of lesion margins.
As already stated in this paper, margins delineation can be
achieved with chromoendoscopy, by using indigo carmine
for gastric lesions, Lugol for SCC and acetic acid for BE
associated EAC, or virtual chromoendoscopy (such as NBI,
i-SCAN, FICE) with magnification (Figure 2). This step is
essential in order to ensure the achievement of a complete
resection with negative lateral margins.

Marking of the target lesion

Prior to submucosal injection, the target lesion is marked
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Figure 3 Marking of SCC in the mid esophagus. SCC, squamous

cell carcinoma.

Figure 4 Circumferential mucosal incision of EGC in the gastric

fundus. EGC, early gastric cancer.

either with an ESD needle knife or with argon plasma
coagulation (Figure 3). This is done in order to recognize
the edges of the lesion during the procedure, as they can be
easily obscured by submucosal injection (62). The marking
dots are usually placed at 5 mm from lesion margins (63).
For EAC, marking dots can be placed up to 10 mm from
lesion edges, as there can be subepithelial spread of the
tumor (64). For SCC, marking is usually done close to the

margins, in order to avoid stenosis from large dissection (64).
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Moucosal incision

Prior to mucosal incision, the lesion is lifted with the
injection of lifting agents, such as saline, 0.5% hyaluronate
or glycerine, in order to create a submucosal fluid cushion
(31,63). In particular, Gotoda et 4l. suggested the use of a
mixture of normal saline, hydroxypropyl methylcellulose
and indigo carmine (63), which has been shown to be
safe when use for EMR (65). Once the lesion has been
lifted, mucosal incision can be performed to expose
the submucosal layer. For EGC the incision is made
circumferentially at about 5 mm from the marking dots,
in order to leave at least 10 mm of normal tissue between
the incision and the tumor (64) (Figure 4). For esophageal
tumors a partial incision is preferred, in order to avoid fluid
escape from the submucosal layer and, therefore, to obtain
a lasting submucosal lift and a safer dissection (64). With
respect to the incision depth, there is no clear standard but
it has been suggested that it should be done just beneath the

muscularis mucosae (66).

Submucosal dissection

ESD technique may vary upon endoscopists, devices
used and degree of fibrosis, but there are some general
rules, which should be always respected. The exposed
submucosal layer is expanded with the injection of the
lifting solution first (usually normal saline). The preferred
site for reinjection is usually just above the proper muscular
layer (63). By using the distal attachment as a retractor,
the endoscope is then advanced into the submucosal space
below the lesion. Once the endoscope has entered the
submucosal space, the ESD knife can be pulled out and the
submucosal plane is then dissected parallel to the muscular
layer (Figure 5). A wide range of ESD knives is available,
some of them including the water jet function. The two
traditional types are needle knives and insulated tip knives
(Tible 3).

Similarly to mucosal incision, there is no clear standard
about the depth of dissection, but it has been suggested
that it should be kept at the lower third of the submucosal
layer, just beneath the vascular network and above the
muscular layer (66). In order to maintain an adequate depth
of dissection during the procedure, it is of main importance
to understand whether the blood vessels exposed are
horizontal small branches of the vascular network or large
branches of the penetrating vessels. In the first case, the
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dissection should be performed below the horizontal small
branches, while in case of large branches of the penetrating
vessels, the dissection at the base of the vessels should be
performed after their pre-coagulation with the ESD knife
or haemostatic forceps (66). The density and thickness of
blood vessels vary upon the GI segment. Indeed, in the
gastric antrum and lesser curvature such density is low,
thus the dissection is usually clear and quite easy. On the
contrary, in the greater curvature, anterior/posterior wall
of the stomach and esophagus, the density of submucosal
vessels is high; therefore the dissection must be carried

Figure 5 Dissection of the submucosal plane of a gastric lesion and

a coagulated vessel.

Table 3 Most popular ESD knives and their functions
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out very carefully in order to minimize intraoperative
bleeding (66). Once the blood vessels have been dissected,
submucosal dissection can be carried on in order to form a
mucosal flap and to gradually and safely remove the lesion.

When submucosal fibrosis is found, ESD becomes
more challenging, even for skilled endoscopists (67-69).
Indeed, submucosal fibrosis, which is usually associated to
tumor size, location, ulceration, histology type and tumor
invasion (70), makes the lifting of the lesion difficult and
leads to a higher risk of complications, such as perforation
and intraprocedural bleeding (10,69). Therefore, to safely
dissect fibrotic tumors, the procedure should start where
there is as little fibrosis as possible, in order to form the
mucosal flap (66); dissection should be then directed toward
the most fibrotic area. Moreover, submucosal dissection
should be carried on little by little (1 or 2 mm at a time),
instead of dissecting in a continuous way (66) and sodium
hyaluronate should be used for submucosal injection instead
of normal saline, to obtain a long-lasting lifting (71).

Once dissection is completed, visible blood vessels
should be coagulated, as post-procedural bleeding is one of
ESD major complications, especially in the stomach (72).
Coagulation of pulsating visible vessels should be minimized
instead, in order to prevent postoperative perforation related
to transmural thermal injury of the muscular layer (66).

Complications

The most common ESD-related complications are
bleeding, perforation and stricture. Most of them can be
managed endoscopically (73).

Knife type Marking Injection Pre-cutting Mucosal incision ~ Submucosal dissection Haemostasis
Needle
Hoock' Y - Y Y Y Y
Dual’ Y Y Y Y Y Y
B-knife' Y Y Y Y Y Y
Hybrid® Y Y Y Y Y Y
Flex’ Y - Y Y Y Y
Tip insulated
IT - - - Y Y Y
IT2f - - - Y Y Y
ITNano' - - - Y Y Y

', Olympus, Tokyo, Japan; *, XEMEX Co., Tokyo, Japan; *, ERBE, Erlangen, Germany. Y, yes; ESD, endoscopic submucosal dissection.
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Bleeding

Most bleeding occurs during the procedure or shortly after
that and can be usually controlled by electrocautery (73,74).
Both immediate and delayed bleedings are more common in
gastric ESD, because of the higher density of blood vessels
in the stomach compared to the esophagus. The incidence
of bleeding after gastric ESD has been reported to range
between 1.8% and 15.6% (10,75-77).

Bleeding can be partially prevented by coagulation of
the visible vessels on the ESD ulcer and by proton pump
inhibitor therapy (78,79).

Perforation

Perforation rates vary upon the location, being higher for
duodenal ESD (>30%) (58-60) compared to esophageal
(up to 6%) and gastric ESD (1.2-5.2%) (73,80). Such
complication can be managed endoscopically (with the use
of hemoclips or any other closure device) most of the time,
but some cases may require surgery (81), especially when
perforation occurs in the esophagus or duodenum (58-60).

Stricture

Stricture formation mainly occurs after esophageal ESD
and its rate ranges from 2% to 26% (14). The risk increases
in case of long segment removal or circumferential
dissection (14). As already mentioned before, esophageal
stricture formation can be prevented with oral or
intralesional steroids administration (20,21). Gastric
stricture is less common, but it may occur after ESD,
especially in the cardia and pre-pyloric area (82). Risk
factors for gastric stenosis are a mucosal defect with a
circumferential extent >3/4 and/or longitudinal extent
>50 mm (82).

The majority of ESD-related strictures can be managed
with endoscopic dilation (64).

Endoscopic surveillance

Scheduled endoscopic surveillance after curative ESD is
always recommended, given the risk of synchronous and
metachronous lesions. So far, there are no data in literature
about the optimal surveillance schedule but ESGE suggests
a first endoscopy at 3—6 months after ESD and then
annually (17). Japanese guidelines also recommend annual
or biannual endoscopy in all patients undergone ESD as
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well as a CT scan of the abdomen in those patients treated
under expanded indications (11). With respect to the
duration of endoscopic surveillance, although it may vary
according to the individual risk of developing metachronous
lesions, it should be continued indefinitely (83).

Conclusions

ESD is an innovative endoscopic treatment option for
superficial GI lesions, as it allows their en bloc removal
regardless of the shape and size. In Western countries, the
procedure should be performed only in referral centers, as it
requires a specific training and the acquisition of high-level
technical skills. When deciding whether an upper GI lesion
is eligible or not for ESD, many different factors should be
taken into account, such as lesion features (especially lymph
node involvement), patient’s condition and comorbidities,
endoscopist’s experience and expertise and hospital’s
resources (84). Therefore, indications and guidelines should
be carefully followed in order to choose the best treatment
in selected patients.
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