
REVIEW

CURRENT TECHNIQUES AND DEVICES FOR SAFE AND CONVENIENT
ENDOSCOPIC SUBMUCOSAL DISSECTION (ESD) AND KOREAN

EXPERIENCE OF ESD
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Conventional endoscopic mucosal resection (EMR) technique has limitations in its capacity of achieving en bloc resection
and, for lesions greater than 20 mm, removal in a piecemeal resection is often required. This leads to uncertainty as to
whether or not the lesion has been completely removed and to an increase in local recurrence. To overcome this limitation,
a new technique using specifically designed cutting devices, termed endoscopic submucosal dissection (ESD) has been
developed. The present article discuss the current indication, new diagnostic, cutting and hemostatic devices and long-term
outcomes of EMR and ESD in early gastric cancer in Korea.

Key words: endoscopic submucosal dissection (ESD), device, outcome.

WHAT IS ESD?

Endoscopic submucosal dissection (ESD) is a new endo-
scopic treatment using cutting devices, which has developed
from one of the endoscopic mucosal resection (EMR) tech-
niques, namely endoscopic resection, after local injection of a
solution of hypertonic saline-epinephrine (ERHSE). ESD
consists of the following three steps: injecting fluid into the
submucosa to elevate the tumor, pre-cutting the surrounding
mucosa of the tumor, and dissecting the connective tissue of
the submucosa beneath the tumor (Fig. 1). Major advantages
of this technique in comparison with conventional EMR are
as follows. The resected size and shape can be controlled, en
bloc resection is possible even in a large tumor, and tumors
with ulcerative findings are also resectable. Thus, this tech-
nique can be applied to the resection of complex tumors such
as large tumors, ulcerative non-lifting tumors, and recurrent
tumors. In one multicenter retrospective study in Korea, sig-
nificant components influencing the recurrence after com-
plete resection of early gastric cancer was the method of
EMR.1 According to this study, ESD and circumferential pre-
cutting followed by snare resection (EMR-P) were better
than other conventional techniques, such as the injection and
cutting method, EMR with transparent cap (EMR-C) and
EMR with ligation (EMR-L), regarding the recurrence rate
after complete resection.The disadvantages of this technique
are the requirement for two or more assistants, it is time-
consuming, with much more bleeding and a slightly higher
perforation rate than with conventional EMR.

INDICATION FOR ESD

Stomach

Although institutional differences in indications for endo-
scopic resection have existed for a long time, empirical indi-
cation for conventional EMR is differentiated-type mucosal
cancers without ulcerative findings, and �2 cm in size if
elevated or �1 cm in size if depressed or flat.2

Based on the reports by Gotoda et al. at the National
Cancer Center and other groups, the indications for ESD
in Japan at the present time are considered as: (i) non-
ulcerated, differentiated-type mucosal carcinomas, regardless
of tumor size; and (ii) differentiated-type mucosal carcino-
mas with an ulcer scar �30 mm (Table 1).3

Lesions meeting the above criteria should be resected
endoscopically in one piece.According to the report from the
National Cancer Center, no lymph node metastases have
been noted among 1230 intramucosal cancers that met the
conditions, including differentiated adenocarcinoma <3 cm in
size without lymphatic or venous invasion, regardless of the
presence or absence of an ulcer scar. In addition, 929 intra-
mucosal cancers that met the conditions, including differen-
tiated adenocarcinoma without ulcer scars and without
lymphatic or venous invasion, did not show lymph node
metastasis regardless of the size of the tumors.

These findings are the basis of the indication criteria
described above (Table 2).4

Gotoda and colleagues have also shown that none of 145
patients with minute submucosal invasion and a differen-
tiated early gastric cancer measuring <3 cm, without
lymphatic-vascular involvement and with <500 mm of submu-
cosal penetration (sm1) had nodal metastasis.3

Resected tissues are sectioned at 2 mm intervals and sub-
mitted for pathological evaluation. The treatment can be
regarded as curative when a differentiated-type mucosal car-
cinoma without submucosal invasion or lymphatic or venous
invasion is completely resected with its margin free of tumor.
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Esophagus

In esophageal squamous cell carcinoma, the risk of lymph
node metastasis for m1 and m2 cancers is less than 2%,
whereas cancers invading m3 and sm1 are associated with an
8% to 19% incidence of lymph node metastasis. In sm2 and
sm3 cancers, the rate of lymph node metastasis increases to
more than 40%.5 In a study limited to patients with m3 and
sm1 cancers, vertical diameter of depth of submucosal inva-
sion within 200 mm was associated with a small risk of lymph
node metastasis,6 a subsequent study failed to confirm this
results.7

The risk of lymph node metastasis in esophageal adeno-
carcinoma arising in Barrett’s esophagus confined to the
mucosal layer has been reported to be between 1% and
3%.8,9 Also, two studies in which surgical and EMR speci-
mens have been evaluated showed the results of no direct or
indirect evidence of lymph node metastasis in m3 disease.
When cancer invaded to the submucosal layer, there were no
differences with regard to the risk of lymph node metastasis
between adenocarcinoma and squamous carcinoma.10

Absolute indication for esophageal squamous cell carci-
noma include superficial (m1, m2 lesions), limited (<3 cm,
and <3/4 circumferential involvement), and few (one to four)
lesions.11 Relative indications include deep (m3 to sm1),
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Fig. 1. Endoscopic submucosal dissec-
tion using the flex knife and IT knife. (a)
Approximately 2 cm-sized flat elevated
mucosal lesion was noted on the poste-
rior wall of the mid body. (b) Marking
with argon plasma coagulation was per-
formed. (c) Circumferential incision was
performed with flex knife. (d) Submu-
cosal dissection with IT knife was per-
formed. (e) Procedure was completed
without complication. (f) Resected
sample was a 22 ¥ 16 mm-sized well-
differentiated adenocarcinoma in a
50 ¥ 40-mm sized specimen with clear
resection margin.

Table 1. Incidence of lymph node metastasis in early gastric
cancer

Criteria Incidence 95% CI

Intramucosal cancer 0/1230; 0% 0–0.3
Differentiated adenocarcinoma
No lymphovascular invasion
Irrespective of ulcer findings
Tumor <3 cm in size

Intramucosal cancer 0/929; 0% 0–0.4
Differentiated adenocarcinoma
No lymphovascular invasion
Without ulcer findings
Irrespective of tumor size

Intramucosal cancer 0/256; 0% 0–1.3
Undifferentiated adenocarcinoma
No lymphovascular invasion
Without ulcer findings
Tumor <3 cm in size

Minute submucosal invasion (sm1) 0/145; 0% 0–2.5
Differentiated adenocarcinoma
No lymphovascular invasion
Tumor <3 cm in size
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extensive (>3 cm and >3/4 circumferential involvement), and
multiple (>five) lesions.

Colon and rectum

The risk of lymph node metastasis in colon cancer occurs
only after submucosal invasion and is directly correlated to
the depth of submucosal invasion. The cut-off value at which
the presence of submucosal invasion can be considered safe
in endoscopically resected regimens has been estimated to be
500 mm by some authors,12,13 but 1000 mm by others.14 Colonic
lymphatic and venules involvement has been found to be a
better predictor of lymph node metastasis than depth of sub-
mucosal invasion.15

The indications for ESD in the treatment of colonic lesions
are not yet established. ESD is applicable to lesions that have
a higher rate of submucosal infiltration and that require
detailed histological diagnosis by en bloc resection. These
lesions include colorectal tumors with a diameter >20 mm
and showing pit pattern types IIIL, IIIS, IV or low-grade VI,
and non-granular-type laterally spreading tumor, particularly
those of the pseudodepressed type >20 mm in diameter.
Large depressed tumors >10 mm, submucosal tumors arising
intraluminally from the submucosal layer, and large tumors
with fibrosis due to biopsy or other causes are considered to
be relative indications for ESD.16,17 Colorectal tumors with
high-grade VI or VN pit patterns, or those with a positive
non-lifting sign correspond to massive, submucosally invasive
cancers, and ESD is not indicated in these cases because of
the high risk of lymph node metastasis.

DIAGNOSTIC DEVICES

From 5% to 15% of early stage gastric cancers are multicen-
tric, and accurate identification of the margins of gastric
cancer is of considerable clinical importance, in particular for
diffuse-type cancer, wherein the boundaries of the lesion are
often indistinct and nests of tumor cells may be found at a
distance from the grossly visible tumor margin.18 Several new
optical methods that could target malignant foci that are
grossly unremarkable by white-light endoscopy have been
evaluated.

Autofluorescence endoscopy and fluorescence diagnosis
using a photosensitizer

Violet-blue light emitted by a laser source or short-arc xenon
or mercury lamp provided with a special switching bandpass
filter induces the emission of autofluoresence emitted by

‘fluorophores’, especially by submucosal collagen.19 Several
in vitro and in vivo studies show that the fluorescence emitted
by tumorous gastric tissue or dysplastic Barrett’s esophagus
has a lower overall intensity than that emitted by normal
mucosa.20,21 Light-induced fluorescence endoscopy system
can amplify the autofluorescence emitted by the lesion and
helps to identify the margins of the cancer by color change.
Overall reported sensitivity and specificity for the detection
of malignant lesions in the stomach is approximately 84–94%
and 85–87%, respectively, but decreases with decreasing
degree of tumor differentiation, especially signet-ring cell.22

Photodynamic diagnosis using a fluorescence drug called a
photosensitizer that reacts to various wavelengths of light is
another spectroscopic technique. Fluorescence drugs, such as
hematoporphyrin derivative (HPD) and Photofrin II (QLT
Phototherapeutics, Vancouver, Canada), emit red fluores-
cence that can be detected by a special imaging device.
Important factors associated with tumor tissue affinity to
porphyrins have been examined via their strong affinity to for
lipoprotein and active endocytosis in cancer cells associated
with enhancement of low-density lipoprotein (LDL), and
their transferring receptor activity. New photosensitizers,
such as mono-l-aspartyl chlorin e6 (NPe6) (Meiji Seika,
Tokyo, Japan), and ATX-S10 (Tokyo Hakka Co., Okayama,
Japan) have been studied in an animal model and appear to
be superior to HPD or Photofrin II for tumor affinity, and for
reduced skin photosensitivity.23

Magnifying endoscopy

Observation of the microvascular architecture by magnifying
endoscopy has been reported in the diagnosis of gastric
cancer, and three characteristic findings in differentiated car-
cinoma: (i) the disappearance of the regular subepithelial
capillary network pattern; (ii) the presence of an irregular
microvascular pattern; and (iii) the presence of a demarca-
tion line.24,25 Enhanced magnification using acetic acid is an
accurate method of predicting intestinal metaplasia in Bar-
rett’s esophagus and also in gastric dysplastic lesions.26,27 In
gastric mucosa, the duration of acetic acid-induced mucosal
whitening differed among grades of neoplasia and after the
disappearance of whitening in the carcinoma, the contrast
between carcinomatous microvascular architecture and the
whitened non-neoplastic tissue became very clear on magni-
fying endoscopy.27

Narrow band imaging

The narrow band imaging system is a video endoscopic
imaging technique for enhanced display of mucosal

Table 2. Expansion of the criteria for local treatment

Histology Depth
Mucosal cancer Submucosal cancer

Ulcer (-) Ulcer (+) � sm1 > sm1
�2 cm >2 cm �3 cm >3 cm �3 cm Any size

Differentiated A B B D B D
Undifferentiated C D D D D D

A, definite indication; B, expanded indication; C, surgery, but need for more consideration; D, surgery
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microstructure and capillaries of the superficial mucosal
layer obtained when using narrow-band filters (wavelength
range of the new RGB filters: 485–515 nm for red [R] 430–
460 nm for green [G], and 400–430 nm for blue [B]), which
are different from conventional filters, to the RGB of a plane
sequential endoscope, and by changing the spectral feature of
the observation light relative to that of the narrow band
filters.

In the squamous epithelium, the intra-epithelial papillary
capillary loop (IPCL) is observed by magnifying endoscopy
with narrow band imaging. IPCL demonstrates characteristic
change according to the tissue atypism and cancer invasion
depth. IPCL type classification is directly related to the tissue
characterization of a minute lesion.28,29

To distinguish Barrett’s esophagus that contains special-
ized intestinal metaplasia from columnar-lined esophagus is
difficult when using routine endoscopy, but combining an
narrow-band imaging system and a magnifying endoscope
allows simple and clear visualization of the micropattern of
the superficial mucosal layer.30 A study on the correlation
between magnified images of the gastric mucosa obtained
with the narrow band imaging system and the histological
findings, especially with regard to the vascular pattern,
showed the capability of the narrow band system predicting
the histological characteristics of gastric cancer lesions.31

NOVEL THERAPEUTIC ENDOSCOPE

There are some tumor locations where it is difficult to carry
out EMR using the conventional scope, for example, the

lesser curvature or posterior wall of the gastric body, the
cardia, and the lesser curvature of the antrum. To facilitate
EMR of tumors at these locations, a two-channel scope with
two independently curving segments, that is, a multibending
scope (the ‘M-scope’) was developed.32 The M-scope consists
of a distal flexible segment that can bend in any of the four
major directions and a proximal flexible segment that can
bend in two directions. Combined operation of the segments
allows the operator to obtain a variety of visual fields, to
randomly approach or recede from the lesions, and to obtain
an en face view.

Multibending double-channel therapeutic endoscope (the
‘R-scope’) has been designed for lifting lesions and for
improved dissection by the incorporation of two movable
channels.33 The R-scope has two movable instrument chan-
nels: one moves vertically and the other swings horizontally.
The two instruments can be manipulated during the opera-
tion with a knob and a lever that surround the angulation
control knobs of the R-scope.

CUTTING DEVICES

Insulated-tipped knife

Various cutting devices are shown in Figure 2. The insulated-
tipped diathermic knife (IT knife) consists of a small ceramic
ball attached to the tip of a high-frequency needle knife.34

The ceramic ball functions as an insulator of the tip of the
needle knife so that incision and dissection of the mucosa and
submucosa can be performed safely. The insulator helps to
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Fig. 2. Endo-knives used for endo-
scopic submucosal dissection. (a) IT
knife, (b) modified IT knife, (c) Hook
knife, (d) Flex knife, (e) triangular knife.
Fork knives are shown in (f–h).
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prevent perforation due to accidental cutting of the muscu-
laris propria.

In the IT knife method, physiological saline is primarily
used as a submucosal injection fluid. A hole is made using a
standard needle knife, allowing the insertion of the ceramic
ball of the IT knife. Subsequently, the IT knife is used for the
remaining procedures, including subsequent circumference
incision of the intact mucosa surrounding the lesion and
mucosal removal by dissection of the underlying submucosa.

A specialized feature of the IT knife, different from other
incision instruments, is that the portion between the insulator
tip and the sheath is used for incision, sweeping off the tissue
with the blade portion of the knife instead of the tip. This is
both an advantage and a disadvantage of this technique: it
makes a pull-cut easier, whereas the direction of incision is
limited, and straight-forward incision is difficult while
looking directly at the incision line or submucosa.

Hook knife

The top of the hook-type knife is right-angled, 1 mm in size.35

Compared to the use of a needle knife, safety is improved
because the submucosal tissue is hooked and pulled before
incision. Safety is further improved if it is used in conjunction
with a transparent hood because tissue can then be pulled
inside the hood. This knife has a rotating function so that the
operator can select the optimal direction of the hook.

Flex knife

The point of the flex knife is rounded with a twisted wire, like
a snare.36 The sheath is soft and flexible. Compared to a
needle knife, the flex knife is less likely to cause perforation
when it reaches the muscular layer, as its tip is round, and the
entire knife is soft and flexible. The length of the knife is
adjustable for different situations. As the tip of the sheath is
thick and functions as a stopper, operators can control the
depth of incision very easily. A transparent hood is also
helpful for better visualization of the operating field.

Triangle Tip knife

The Triangle Tip (TT) knife has evolved from the process of
ESD, which began with the IT knife. The triangular tip of the
knife can be used for either cutting or coagulating, and has
been designed to operate in any direction.37

Fork knife

The fork knife was developed for simultaneous mucosal inci-
sion and submucosal dissection without the necessity for the
exchange of accessory devices.38 The thin needle knife is
applied to the mucosal incision, and the serrated needle knife
that injects the solution is applied to the submucosal dissec-
tion. The method of submucosal dissection is similar to the
flex knife. After dissection of the proximal lesion, the lesion
should be dissected moving more distally. The difference
from the flex knife is that the fork knife is able to dissect
submucosal tissue more effectively with the serrated knife
and to shorten the dissection time for a wide contact surface.
Also, in cases where submucosal solution injection is needed

under the dissection, it can be done at once without the
exchange of an accessory device, and so the duration of the
procedure is shortened and there is a better visual field to
help control any bleeding.

Forceps

New forceps with an incision function have been developed
and allow more convenient ESD.39

INJECTION SOLUTIONS FOR ELEVATION

There are two types of solution for submucosal injection:
an isotonic solution (normal saline, hyaluronic acid)
and a hypertonic solution (hypertonic saline, glucose,
Glyceol®).40–42 The advantage of hypertonic solution is a
better mucosal elevation and hemostatic effect than normal
saline. But, hypertonic solution is more likely to damage
tissue in a resection sample, post-resection ulcer, or the sur-
rounding mucosa compared with isotonic solution. However,
no definite tissue damage has developed using Glyceol®.
Glyceol® is a mixture solution of 10% glycerin, 5% fructose
and 0.9% NaCl. The glycerin of these solutions is not related
with tissue damage because it is able to pass through the cell
membrane freely. Hyaluronic acid preparation is a viscoelas-
tic material different from other submucosal injection solu-
tions. The advantages of hyaluronic acid preparation are as
follows: local injection creates a more prominent and longer
lasting mucosa protruding compared with normal saline solu-
tion; it does not flow out of the submucosa, even after incision
of the mucosa and, because the injected solution persists
locally for a long period of time, the effect of the epinephrine
in the solution is long-lasting.

ACCESSORY DEVICES

Water jet

The water-jet system supplies a continuous jet of water at
high pressure, which easily and swiftly washes away any
blood that is obstructing the visual field, allowing identifica-
tion of the bleeding source.43 The water jet is delivered to the
visual field by stepping on the foot switch. Because the water-
jet system supplies water through an exclusive port, the
forceps channel can be used for the hemostatic instrument.
By washing the bleeding field with the water jet, the bleed-
ing source can be immediately identified and coagulated,
although in a small number of cases of erupting venous
bleeding it can be difficult to identify the bleeding source.
There are several hemostatic procedures which are used to
control arterial bleeding during and after endoscopic submu-
cosal dissection, but this procedure is quite effective and
can be used as the method of first choice for treating this
complication.

Tip hood

Irrigation hood-knife is the novel, semitransparent hood
covers one-third of the tip circumference, facilitating endo-
scopic hemostatic procedures while simultaneously slowing
irrigation of the bleeding site.44 The irrigation tube and snare
are glued to the exterior surface over the hole, and the snare
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is attached using short tubes on the inside of the cap. Submu-
cosal exfoliation is carried out by sliding the hood-knife with
coagulation current along the muscle layer.With this method,
ESD can be safely and easily carried out under direct vision.

COMPLICATION-MANAGEMENT DEVICES

Bleeding is the most common complication, occurring in up
to 7% of patients undergoing ESD.45 During ESD, immediate
minor bleeding is not uncommon but can be successfully
treated by grasping the bleeding vessels with hot biopsy
forceps and coagulating them with the 80 W soft coagulation
mode of the ICC 200, and endoclips are also often used for
more brisk bleeding. High-frequency hemostatic forceps,
forceps with rotation function, and endoscope equipped with
a water-jet system are also developed and allow more effec-
tive bleeding control.43

Perforation is uncommon with EMR but is seen relatively
more often with ESD. The risk of perforation during ESD is
approximately 4%.45 Perforations are typically closed with
endoclips without peritoneal dissemination. Gastric perfora-
tion during endoscopic resection can be conservatively
treated by complete endoscopic closure with endoclips.46

Endoscopic closure of gastric perforation with endoclips has
been attempted because the stomach of these patients is
thought to be comparatively clean during ESD because the
patients fast before undergoing the procedure and because of
the antibacterial effect of gastric acid.

KOREAN EXPERIENCE OF ESD FOR EARLY
GASTRIC CANCER

I reviewed the experiences of ESD for early gastric cancer
(EGC) in Korea (multicenter study by EMR study group of
Korean gastrointestinal endoscopy society), with emphasis
on the long-term outcome.1

The most commonly used technique was circumferential
precutting followed by snare resection (EMR-P, n = 269,
52.3%). Complete resection and incomplete resection after

EMR were confirmed in 399 lesions (77.6%) and 103 lesions
(20.0%), respectively. For completely resected mucosal
cancers (n = 399), the median duration of follow up was 23.5
months (range, 5–70). In this group, local recurrence was
detected in 24 cases (6.0%) with a median interval between
EMR and recurrence of 17.9 months (range, 3.5–51.7). The
size of the lesion was the major factor determining the com-
plete resection. The rate of complete resection for lesions
with a diameter of �3 cm was 80.2% (368/459), whereas the
rate for lesions >3 cm was 56.4% (31/55) (Figs 3,4). There
were three cases with perforation and 71 cases with bleeding.
There was no death related with recurrence of gastric cancer
observed during the follow-up period, which had a median
length of 39 months (Tables 3–5).

In the present study, the method of EMR was found to
have a very highly significant association with the clinical
outcome. Regarding the recurrence rate after complete
resection of EGC, ESD and EMR-P were better than other
conventional techniques. This result suggested that ESD and
EMR-P had an advantage in the rate of en bloc resection and
the length of cancer-free resection margin. Macroscopic type
of lesion was also significant components influencing recur-
rence after complete resection, but this statistical significance
was removed by a correction for multiple testing of data.
Especially in cases with ulcer findings, the rate of recurrence
was 50.0%, which was higher than for other types. Other
factors including familial history of gastric cancer, tumor size,

Fig. 3. Clinical course after endoscopic mucosal resection treatment for mucosal cancer.

Fig. 4. Clinical course after endoscopic mucosal resection
treatment for submucosal cancer.
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en bloc or piecemeal resection, H pylori infection and histo-
logical differentiation were found to have no influence on the
recurrence after complete resection.

According to this multicenter study, the proportion of ESD
among various EMR techniques was only 6.6%. Although
the period of this study was between January 2000 and
December 2002 and the proportion of ESD techniques is
increasing in recent years in Korea, in my opinion, the
extended criteria of EMR for EGC proposed by Soetikno
et al.4 was not as popular in Korea as in Japan.
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