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Abstract
Compared with endoscopic submucosal dissection (ESD), 
endoscopic mucosal resection (EMR) is easier to perform 
and requires less time for treatment. However, EMR 
has been replaced by ESD, because achieving en bloc 
resection of specimens > 20 mm in diameter is difficult 
with EMR. The technique of ESD was introduced to 
resect large specimens of early gastric cancer in a single 
piece. ESD can provide precise histological diagnosis 
and can also reduce the rate of recurrence, but has a 
high level of technical difficulty, and is consequently 
associated with a high rate of complications, a need 
for advanced endoscopic techniques, and a lengthy 
procedure time. To overcome disadvantages in both 
EMR and ESD, various advances have been made in 
submucosal injections, knives, other accessories, and in 
electrocoagulation systems.
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INTRODUCTION
Early gastric cancer confined to the mucosa can be 
treated successfully with endoscopic resection alone. 
Endoscopic resection of  early gastric cancer originated 
with the development of  a polypectomy technique using 
high-frequency current for gastric polyps in 1968[1], and 
has become popular as endoscopic mucosal resection 
(EMR) since the birth of  the strip biopsy method in 
1984[2]. Endoscopic submucosal dissection (ESD) is a new 
endoscopic technique using cutting devices that developed 
from one of  the EMR techniques, namely endoscopic 
resection after local injection of  a solution of  hypertonic 
saline-epinephrine[3]. EMR has recently been replaced 
by ESD, because en bloc resection of  specimens > 20 
mm in diameter is difficult to achieve with EMR, and 
piecemeal resection is associated with increased rates of  
local recurrence to about 15%[4,5]. The technique of  ESD 
was introduced to resect large specimens of  early gastric 
cancer in a single piece. However, the question remains as 
to whether ESD is superior to EMR in all regards.

This review provides an overview of  the techniques 
and devices of  EMR and ESD.

EMR
Various devices and techniques of  EMR have been 
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described. EMR is divided into techniques without an 
aspiration cap and techniques with an aspiration cap. Strip 
biopsy methods using a single-channel scope or double-
channel scope are regarded as techniques without an 
aspiration cap. Cap-assisted endoscopic mucosal resection 
(EMRC), endoscopic aspiration mucosectomy (EAM), 
endoscopic mucosal resection with ligation (EMRL), and 
others are regarded as techniques with an aspiration cap. 

Strip biopsy method using a single-channel scope
The lesion is raised off  the muscularis propia by the 
creation of  a submucosal bleb, strangulated by a snare, 
and resected using an electrosurgical snare[2,6].

Strip biopsy method using a double-channel scope
Submucosal injection is performed in standard fashion. 
Both the snare and grasping forceps are advanced 
through the channels. In preparation for EMR, the snare 
is opened to capture the forceps, then closed snugly. The 
lesion is grasped by the forceps and pulled gently into 
the now-opened snare. The snare is then closed and the 
lesion is resected[6-8]. 

EMRC
EMRC (standard): EMRC is a simpler and easier 
refinement of  EMR methods[9]. The technique requires 
a specialized transparent plastic cap that is fitted to the 
tip of  the endoscope. Different-sized caps are available, 
according to the diameter of  the endoscope (Olympus, 
Japan). In addition, a soft 18-mm diameter cap designed 
for en bloc resection of  larger lesions is available. 
Matsuzaki et al[10] used this soft cap for resection of  
gastric lesions 1.4-times larger than specimens that could 
be removed by the conventional cap.

After marking the periphery of  the lesion, submucosal 
solution (saline, glucose, Glycerol®, etc.) is injected into the 
submucosa. The crescent-shaped snare (SD-221L-25 or 
SD-7P-1; Olympus) is then prelooped into the groove of  
the rim of  the cap. The endoscopist performs this pre-
looping by lightly pressing against and suctioning normal 
mucosa to seal the cap outlet. The snare is opened and 
forced to rest along the inside groove of  the rim of  the 
cap to form the loop. Suction is released and the cap is 

then used to suck the lesion with medium to high vacuum 
into the cap. The endoscopist then strangulates the lesion 
by closing the snare and the suction is again released. 
Once the lesion looks similar to a snared polypoid lesion, 
blend electrosurgical current is typically used to resect the 
lesion. 

EMRC-UI (EMRC under irrigation): One problem 
with the EMRC method is that the lesion cannot always 
be kept in the center of  the cap, because the procedure 
is performed in a blind manner after aspiration. The 
usefulness of  a novel end-hood that facilitates endoscopic 
hemostatic procedures while simultaneously allowing 
irrigation of  the bleeding site was improved by the author, 
who developed a soft, prelooped cap with attached 
irrigation tube (Figure 1)[11-14].

The aspiration method of  EMRC-UI method is 
similar to EMRC. Aspiration is applied repeatedly until 
the lesion is stabilized in the center of  the hood. If  the 
field of  view is compromised because of  the presence 
of  mucus and/or blood, the site is irrigated. After 
strangulating the lesion by closing the snare, the negative 
aspiration pressure is released. 

EMR-UI was performed in 15 patients with a median 
time required of  19 min. Mean diameter of  specimens 
was 24.5 mm (interquartile range, 15-35 mm). The 
proportion of  en bloc-resected lesions was 86.7% (13/15). 

Grasping forceps-assisted EMRC using a 2-channel 
prelooped cap: The author has also improved the 
EMRC-UI cap. Two side holes were fabricated by drilling 
in the hood portion of  a conventional soft prelooped 
cap, and then the irrigation tube and the accessory 
channel tube were glued to the exterior surface of  the 
holes. The author developed a 2-channel prelooped cap 
that facilitates EMRC while simultaneously allowing both 
grip of  the central position of  the lesion and irrigation 
of  the aspiration site (Figure 2)[15]. 

The aspiration method of  grasping forceps-assisted 
EMRC using a 2-channel prelooped cap method is 
similar to EMRC. The endoscopist releases the negative 
aspiration pressure while slowly pulling the regular 
biopsy forceps gripping the center of  the lesion. Until 

Figure 1  Irrigation prelooped cap. Figure 2  The 2-channel soft prelooped hood.
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the lesion is stabilized in the center of  the hood, the 
endoscopist repeatedly performs grasp and aspiration 
of  the lesion. If  the field of  view at the aspiration site is 
poor as a result of  contamination by mucus and blood, 
the endoscopist repeatedly performs irrigation of  the 
site. After strangulating the lesion by closing the snare, 
the endoscopist again releases the aspiration. 

Grasping forceps-assisted EMRC using a 2-channel 
prelooped cap was performed in 12 patients with a 
median time required of  19 min. Mean diameter of  
specimens was 22.3 mm (interquartile range, 15-31 mm). 
The rate of  en bloc resection was 91.7% (11/12). 

EMRC using IRS (internally retained snare) cap: 
In EMRC, the crescent-shaped snare needs to be 
prelooped into the groove on the rim of  the cap during 
the procedure itself. As this pre-looping can be initially 
difficult, the author has avoided this step by developing a 
new type of  prelooped cap, the “internally retained snare” 
(IRS) cap that makes pre-looping unnecessary (Figure 3)[16]. 

After fitting the IRS cap to the tip of  the endoscope, 
EMRC using the IRS cap method is similar to EMRC. 
The endoscopist releases the negative aspiration pressure 
and the cap is then positioned to aspirate the lesion with 
medium to high vacuum into the hood. The endoscopist 
again releases the aspiration, after strangulating the lesion 
by closing the snare.

EMRC using an IRS cap was performed in 27 patients 
with a median time required of  16 min. Mean diameter of  
specimens was 27.6 mm (interquartile range, 15-38 mm). 
The rate of  en bloc resection was 88.9% (24/27). 

EMRC-C (EMRC and closure): Delayed bleeding 
may occur from a gastric ulcer after EMRC. Solving this 
problem may allow surgery on an outpatient basis. The 
author therefore developed a novel EMRC and closure 
(EMRC-C) cap that facilitates the EAM procedure whilst 
simultaneously allowing endoscopic closure (Figure 
4)[17]. The EMRC-C hood was produced by attaching an 
additional hood of  short length and another accessory 
channel to the top of  the 2-channel prelooped cap. 
Two types of  snares are then set. The crescent-shaped 
snare (SD-221L-25; Olympus) is inserted through the 
accessory channel tube of  the first part of  the hood, and 
prelooped into the groove of  the rim of  the hood. The 
detained snare (HX-20L-1; Olympus) is passed through 
and tightened around the outer circumference of  the 
second part of  the hood. 

The endoscopist places the EMRC-C hood at the tip 
of  the endoscope. Aspiration is released and the hood is 
then used to aspirate the lesion by high-power vacuum 
into the hood. The endoscopist confirms aspiration of  
the lesion with the outside CCD camera then snares the 
lesion using the detained and crescent-shaped snares. 
The endoscopist uses the former to tightly strangle the 
lesion, and resected the lesion using blend electrosurgical 
current and closing the latter snare.

Two specimens were resected in an animal model 
(pigs). Mean diameter of  the resected specimens was 
15 mm. This device has not yet been used in human 
patients. 

Figure 3  The internally retained snare (IRS) cap. A: Photograph; B: Schema.
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EAM
EAM (standard): EAM uses a conventional hood (Create 
Medic, Yokohama, Japan, and TOP, Tokyo, Japan). In 
this device, a snare is passed through an outside channel 
and tightened around the outer circumference of  the 
hood[16,18-20]. Pre-looping during the EAM procedure is 
thus unnecessary.

In an adaptation of  EAM with a snare on the tip 
of  the endoscope, the EAM hood method is similar to 
EMRC. The endoscopist releases the negative aspiration 
pressure and the hood is then placed to aspirate the lesion 
with medium to high vacuum into the hood. The snare 
is pushed over the tumor while the lesion is aspirated. In 
addition, the loop is pulled tightly around the specimen. 
The endoscopist again releases the aspiration, after 
strangulating the lesion by closing the snare.

EAM hood was performed in 27 patients. Mean 
diameter of  specimens was 27.1 mm (interquartile range, 
20-43 mm). The rate of  en bloc resection was 85.2% 
(23/27). 

EAM-V (EAM with vibration): EAM carries a risk 
of  aspirating and perforating the full thickness of  the 
gastric wall. A novel vibration hood to reduce such risks 
was therefore developed (Figure 5)[21]. This novel hood 
enables strangulation and resection of  only the mucosal 
and submucosal layers by vibrating the snare during 
strangulation to shake off  the muscle layer and serous 
membrane.

Investigations were conducted separately with and 
without vibration at 10 000 rpm applied at the time of  
strangulation and resection. Eighteen specimens were 
resected in an animal model (pigs). Perforation rates 
were lower in the vibration group (0/9: 0%) than in the 
group without vibration (2/9: 22.2%). This device has 
not yet been used in human patients.

EMRL (EMR with ligation)
The technique of  EMR with ligation (EMRL) uses a 
standard endoscopic variceal ligation device fitted to 
a single-channel endoscope[22]. The maximum lesion 
size for en bloc resection is 1.5 cm. Larger lesions may 
require piecemeal resection. This technique has been 

reported with or without prior submucosal injection. 
The lesion is snared by standard snare polypectomy after 
it has been ligated at its base with an endoscopic variceal 
ligation device.

Multi-camera system using a novel 1-channel camera-
hood
Precise snaring during EMR is important to achieve en 
bloc resection. However, this can be difficult to achieve 
in practice, because snaring cannot be performed under 
complete observation. Although we can easily observe 
the proximal side of  the lifting lesion, the distal side is 
hard to see after injection of  saline solution into the 
submucosa. The author therefore developed a novel 
1-channel camera-hood that allows observation of  the 
distal side of  the lesion during snaring in the EMR 
procedure (Figure 6)[23]. The 1-channel camera-hood was 
fabricated by cutting a “U-shape” in the cap portion of  
the hood and then attaching a machined camera, originally 
developed for dental use, that consisted of  a charge-
coupled device (CCD) camera and 4 light-emitting diodes 
(LEDs) (“Miharu-kun”; RF System Lab, Japan) through 

Figure 5  Vibration hood at the tip of the endoscope.
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two tubes. The length of  the two tubes is variable and one 
is an accessory channel (Figure 6A and B).

EMR us ing the 1-channel camera-hood was 
performed as follows (Figure 6C). After injection of  
saline solution into the submucosa, the endoscope was 
removed and the 1-channel camera-hood was placed on 
the tip and fixed with tape. A snare was passed through 
the accessory channel of  the hood, and grasping forceps 
were passed through the accessory channel of  the 
endoscope. The grasping forceps were used to catch 
hold of  the snare. The lesion was then strangulated by 
precisely closing the snare under adequate observation 
by both the CCD camera of  the 1-channel camera-hood 
and the endoscope. Blend electrosurgical current was 
used to resect the lesion. This device has not yet been 
used in human patients.

ESD
The technique of  ESD was introduced to resect large 
specimens of  early gastric cancer in a single piece. ESD 
can provide precise histological diagnosis and can also 
reduce the recurrence rate[4]. The drawback of  ESD lies 
in the technical difficulty, and this technique is therefore 
associated with a high rate of  complications, the need 
for advanced endoscopic techniques, and a lengthy 
procedure time[5,24].

Standard ESD
Standard ESD requires special cutting knives, such as a 
needle knife[3], an insulation-tipped electrosurgical (IT) 
knife[4,5,24-28], a hook knife[29,30], a flex knife[31], a flush 
knife[32], a triangle-tip (TT) knife[33], a Fork knife[34], or a 
mucosectomy[35]. 

Standard ESD is performed with a standard single 
accessory-channel endoscope. Typical sequences are the 
following: marking; incision; submucosal dissection with 
simultaneous hemostasis. After marking with several 
dots outside the lesion, various submucosal solutions 
are injected, including the normal saline solution and 
epinephrine mixture, glycerol mixture, and hyaluronic 
acid. A circumferential incision into the mucosa is made 
using one of  the special cutting knives. Direct dissection 
of  the submucosal layer is performed with one of  the 
specified knives until complete removal is achieved. 
During ESD, the endoscopist performs endoscopic 
hemostasis with either the knife itself  or hemostatic 
forceps whenever active bleeding is noticed. After 
ESD, the endoscopist performs preventive endoscopic 
hemostasis for any oozing or exposed vessels. High-
frequency generators (Erbotom ICC200 or VIO 300D; 
ERBE, Tübingen, Germany) were used for marking, 
incision of  the gastric mucosa, gastric submucosal 
dissection, and endoscopic hemostasis.

Special cutting knives
IT knife: The IT knife consists of  a small ceramic ball 
attached to the tip of  a high-frequency needle knife[4,5,24-28]. 

The ceramic ball functions as an insulator for the tip of  
the needle knife, so that incision and dissection of  the 
mucosa and submucosa can be performed safely. The 
insulator helps to prevent perforation due to accidental 
cutting of  the muscularis propria. A specialized feature 
of  the IT knife is that the portion between the insulator 
tip and sheath is used for incision, sweeping off  the tissue 
with the blade portion of  the knife instead of  the tip. This 
feature makes a pull-cut, 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[29,30]. Compared to the use of  a 
needle knife, safety is improved because the submucosal 
tissue is hooked and pulled before incision. 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[31]. The sheath is soft and 
flexible. This knife is less likely to cause perforation 
when reaching the muscular layer, as the tip is round 
and the entire knife is soft and flexible. As the tip of  the 
sheath is thick and functions as a stopper, operators can 
easily control the depth of  incision.

Flush knife (Water jet short needle knife): The Flush 
knife is a characteristic knife with a needle 0.4 mm in a 
diameter and five projecting parts of  1, 1.5, 2, 2.5, and 3 
mm in length[32]. A knife clamp at the tip of  the sheath 
is ceramic for heat insulation. The outer sheath is 2.6 
mm in diameter and water emission is possible through 
the lumen of  the sheath by connecting a water pump. 
The water jet is swiftly activated by pressing a foot pedal 
on the conduction pump. The conductor of  the sheath 
lumen is insulated to prevent electric current dispersion.

TT knife: The TT knife evolved from the process of  
ESD, which began with the IT knife[33]. The triangular tip 
of  the knife can be used for either cutting or coagulating, 
and has been designed to operate in any direction.

Fork knife: The Fork knife has two interchangeable 
knives; a fixed flexible snare and a forked knife, all of  
which form a single working unit. The Fork knife also 
has an inlet for material injection or saline irrigation 
during the procedure[34]. Such knives can be changed 
during a procedure by using two switches, the fork knob 
and core knob, located on the center of  the body. 

The first of  the two knives that constitute the Fork 
knife is the fixed flexible snare, which is operated by 
sliding the core knob switch forward. The blade is 
shaped into an elongated loop much like the Flex knife. 
Endoscopists mainly use the fixed flexible snare for 
marking and making incisions around lesions.

The second knife is a forked knife, which has a 
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double-tipped blade (longer tip length, 2 mm; shorter 
tip length, 1.5 mm) with a forked shape. The fork knife 
is located on the opposite side from the fixed snare 
knife and is operated by sliding the fork knob switch 
forward. This form of  needle knife has an M-shape 
that maximizes the power applied to contacted surfaces 
and is advantageous for dissection and coagulation. The 
longer tip of  the forked knife can be used as an injection 
needle for making a submucosal cushion, or for injecting 
agents. The opening of  the needle is located in the center 
of  the knife, between both tips, so that the mucosa 
must be injected deeply and at an oblique angle for 
maximum injection into the submucosa. Endoscopists 
use the forked knife mainly for submucosal dissection 
performed in the proximal to distal direction of  the 
endoscope, under direct visualization of  the dissection 
area.

Mucosectome: The mucosectome is composed of  a 
flexible plastic shaft and cutting wire[35]. The handle-
operated top of  this device turns freely, assisting the 
cutting wire to face the proper direction. The plastic 
shaft moves the muscular layer aside. The cutting wire 
moves the mucosal layer aside from the submucosa 
during ESD, and then the procedure itself  can be 
performed safely. 

Transparent hood
A transparent hood is helpful for better visualization of  
the operating field. In particular, good visualization of  
the submucosal tissue with the aid of  a small-caliber-

tip transparent hood makes cutting procedures easy and 
safe[36]. EMR using a small-caliber-tip transparent hood 
is a peeling-off  method using a needle-knife for mucosal 
and submucosal incisions.

Tip hood
Cap knife: The author developed a novel one-third 
partially transparent hood that facilitates endoscopic 
hemostatic procedures while simultaneously allowing 
the irrigation of  bleeding (Figure 7)[12]. The one-
third partial hood is easily placed on the tip of  the 
endoscope, although it must be fitted to the right side 
of  the endoscope. The hood-knife was fabricated by 
drilling another side hole in addition to the hole for 
the irrigation tube in the cap portion of  a transparent 
end hood[37]. A snare forceps was glued to the exterior 
surface over the hole and attached using short tubes 
on the inside of  the cap. Based on this prototype, the 
irrigation cap-knife (cap-knife attachment (Type KUME) 
with a fixed snare) was developed as shown in Figure 8 
(Create Medic, Yokohama, Japan)[38].

The ESD procedure using the cap-knife is per-
formed as follows. After the tumor is separated from 
surrounding normal mucosa by complete incision 
around the lesion using the IT knife, the endoscope is 
then removed, and the cap-knife is placed on the tip and 
fixed with tape. Grasping forceps are passed through 
the accessory channel and push the lesion away from 
the muscle layer. Submucosal exfoliation was achieved 
simply by sliding the cap-knife onto the muscle layer and 
applying a coagulation current.

Wiper-knife: The wiper-knife was fabricated by 
installing a needle-knife in exchange for a snare forceps 
(Figure 9A and B)[39]. A handling wire intersects the 
needle-knife and fixes it. The handling wire is passed 
through a hole opening at either end of  the hood. A 
novel wiper-knife was fabricated such that ESD could be 
performed by movements similar to a windshield wiper.

ESD using the wiper-knife was performed as follows 
(Figure 9C). A grasping forceps was passed through 
accessory channel and pushed the lesion away from the 

Figure 8  Cap-knife attachment (Type KUME) with a fixed snare placed on 
the tip of the endoscope through grasping forceps.

Figure 7  Irrigation hood knife. A: Photo; B: Schematic representation of 
endoscopic submucosal dissection (ESD) using the hood-knife.
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muscle layer. The wiper-knife moved like a windshield 
wiper, applying a coagulation current on the muscle layer 
to separate submucosal exfoliation from the muscle layer. 
This device has not yet been used in human patients.

B-cap: B-cap is a device in which the snare of  the cap 
knife has been replaced with a bipolar knife[40]. The 
direction for use of  the B-knife is the same as the cap 
knife.

Therapeutic endoscope
Multi-bending scope: Some tumor locations make it 
difficult to carry out EMR using a conventional scope. 
There include the lesser curvature or posterior wall of  
the gastric body, and the cardia. To facilitate EMR of  
tumors at these locations, a two-channel scope with two 
independently curving segments, that is, a Multi-bending 
scope (the ‘M-scope’) was developed[41]. 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.

Multi-bending double-channel therapeutic endoscope: 
The multi-bending double-channel therapeutic endoscope 
(the ‘R-scope’) has been designed for lifting lesions and for 
improved dissection by the incorporation of  two movable 
channels[42,43]. The R-scope has two movable instrument 
channels; one moving vertically and the other horizontally. 
The two instruments can be manipulated during the 
operation with a knob and a lever that surrounds the 
angulation control knobs of  the R-scope.

Vibration endoscope: The author attempted to increase 
the efficiency of  endoscopic treatment techniques by 
vibrating the endoscope itself. The vibration used must 
be at a frequency that ensures safety when applied to the 
body. Examples of  inventions that are made effective 
by adding safe vibration to the body are vibrating oral 
care devices developed to clean between the teeth and 

manual multiple-blade shavers with vibration added to 
increase cutting efficiency. The latter is a commercial 
product in which vibration successfully raises cutting 
efficiency without harming the skin, even though the 
blades cut whiskers in direct contact with the face 
(M3 Power; Gillette, Japan; Figure 1). An endoscope 
with an incorporated eccentric motor was therefore 
developed and used in conducting ESD. The vibration 
endoscope comprised a modified commercial endoscope 
(GIF-Q200; Olympus). First, the covering plastic of  the 
tip and the metal mesh were stripped off. After exposing 
the interior, a vibration motor (J71; Shicoh, Japan) fitted 
within a cylinder was attached and this section was 
covered using heat-shrinkable tubing (Figure 10)[44]. 

Mean procedure durations for circumferential 
incisions, submucosal dissection or a combination of  
both were significantly shorter when vibration at 10 000 
rpm was applied, compared to procedures without 
vibration. When performing peripheral incisions and 
submucosal dissection with a knife in ESD, the time for 
the procedure can also be reduced by adding vibration. 
This device has not yet been used in human patients.

Traction methods
Magnetic anchor system: The magnetic anchor (Pentax, 
Tokyo, Japan) consists of  3 parts: a hand-made magnetic 
weight, made of  magnetic stainless steel; microforceps; a 
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Figure 9  The irrigation wiper-knife. A: Photo; B: Schema of a needle-knife moving like a windshield wiper (both ends red arrow); C: Schematic representation of the 
ESD using the wiper-knife.

Figure 10  Vibration endoscope.
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connecting thread. A weight is designed to facilitate gastric 
ESD by use of  an extracorporeal hands-free electro-
magnet, whereby magnetic forces allow a suitable counter-
traction for submucosal dissection[45]. 

Percutaneous traction: A small snare is introduced into 
the gastric lumen through a percutaneous gastric port 
(2-mm diameter) to grasp and pull the lesion away from 
the muscularis propria to facilitate resection[46].

External grasping forceps: In ESD using an external 
grasping forceps, oral traction applied with the external 
forceps can elevate the lesion and make the submucosal 
layer on the aboral side wider and more visible, thereby 
facilitating submucosal dissection under direct vision[47].

Water jet
Water jet endoscope: By washing the bleeding field with 
the water jet, the bleeding source can be immediately 
identified and coagulated, although in a small number 
of  cases of  erupting venous bleeding, identifying the 
bleeding source can be difficult.

Irrigation hood: The author developed an end hood 
that facilitates endoscopic hemostatic procedures while 
simultaneously allowing irrigation of  the hemorrhage 
site. The end hood piece was fabricated by drilling a side 
hole in the cap portion of  a conventional transparent 
hood, then the irrigation tube was glued to the exterior 
surface of  the hole[11,12]. The fabricated transparent 
hood was placed at the tip of  the endoscope. Based on 
this prototype, the irrigation hood (irrigation cap; Type 
KUME) was developed as shown in Figure 11 (Create 
Medic, Yokohama, Japan).

Hemostatic device
Coagula-irrigation hood (CI hood): The author 
developed a new type of  hood, the “coagula-irrigation 
hood” (CI hood), which could simultaneously perform 
both coagulation and irrigation[48]. The CI hood was 
fabricated by installing a machined papillotomy knife in 
exchange for an irrigation tube on the irrigation hood 

(Figure 12)[11,12]. The tip of  papillotomy knife was cut off  
and the tip of  a wire was bent into a hoop. A CI hood 
was fabricated such that ESD and endoscopic hemostasis 
could be performed while simultaneously applying 
adequate coagulation and irrigation. 

Fan devices
During resection, incision, and detachment using an 
endoscope, smoke is produced due to electrocautery. 
Accumulation of  this smoke in the gastrointestinal (GI) 
tract impairs the visual field and makes continuation of  
the procedure difficult. The author therefore developed 
two types of  new fan device that improve the visual field 
by circulating air without changing the air volume[49]. 
Both devices were created using a super-micro fan motor 
(Shiko, Japan). The first works by blowing air (Figure 
13A), while the second uses ventilation (Figure 13B). 
This device has not yet been used in human patients.

Injection solutions
Injection solutions for elevation: Two types of  
solution are used for submucosal injection: isotonic 
solution (normal saline, hyaluronic acid); and hypertonic 
solution (hypertonic saline, glucose, Glycerol®)[36,50-53]. The 
advantages of  hypertonic solution are better mucosal 
elevation and better hemostatic effect than normal saline. 
However, hypertonic solution is more likely to damage 
tissue in a resection sample, post-resection ulcer, or the 
surrounding mucosa compared with isotonic solution..

Hyaluronic acid solution makes a better long-lasting 
submucosal cushion than other available solutions 
without causing tissue damage[36,50].

Injection solution for submucosal dissection: The 
author reported a new method of  ESD by submucosal 
injection of  a jel ly, which obviates the need for 
submucosal incision with a knife[54]. As the jelly is thick 
and viscous, the mucosal layer can be dissected from the 
muscular layer when it is injected into the submucosal 
layer.

Sodium carboxymethylcellulose (SCMC) is a water-
soluble polymer derived from cellulose. When dissolved 
in water, it becomes very viscous, like a jelly. We used 

Figure 11  Irrigation cap (Type KUME) placed on the tip of the endoscope 
through clipping device.

Figure 12  Coagula-irrigation hood (CI hood).
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SCMC for ESD in porcine stomachs[55]. The mucosal 
layer was dissected from the muscular layer with 
submucosal injection of  2.5% SCMC.

EMR VS ESD
Advantages and disadvantages of EMR
A Japanese multicentre collaborative prospective 
study of  endoscopic treatment for early gastric cancer 
found that if  the diagnosis of  intramucosal cancer [≤
20 mm, UL (-)] from the specimen resected at initial 
EMR was histologically correct, then local cure could 
be achieved with EMR, including cases of  recurrence, 
with appropriate follow-up and use of  concomitant 
techniques such as piecemeal resection and coagulation 
therapy[56]. 

EMRC and EAM represent simpler and easier 
refinements of  EMR methods[9]. The main advantage 
of  these techniques is that a standard endoscope can 
be used and only one endoscopy assistant is required to 
close the snare. However, two potential disadvantages 
of  the EMR technique have been identified[57-59]. First, 
aspiration of  the centre of  the lesion into the cap may 
be difficult to ensure as it is often tethered down by a 
submucosal desmoplastic reaction. The mucosa which 
readily moves into the cap on aspiration may represent 
normal surrounding mucosa, while the centre of  the 
lesion can be more difficult to aspirate. Second, ensuring 
that the lesion has been completely removed with an 
adequate clear margin of  1 cm remains the responsibility 
of  the endoscopist. Reconstituting lesions removed 

piecemeal by this approach may be impossible. 
On the o ther hand , the author reduced the 

disadvantages of  both EMRC and EAM[13-17,21,23]. In fact, 
a high rate of  en bloc resections of  lesions < 20 mm in 
diameter has been achieved with the EMRC and EAM[13-16]. 

Compared with ESD, EMR is easier to perform and 
requires less time for treatment. For example, mean 
procedure time using the author’s device is < 20 min[13-16]. 
The longer the procedure time, the greater the potential 
disadvantages for high-risk patients (greater age or poor 
cardiopulmonary status). Moreover, the feasibility and 
safety of  ESD by less-experienced endoscopists have 
not been evaluated. Under these conditions, a good 
alternative method to ESD is needed.

In conclusion, intramucosal cancer less than 20 mm 
in size and with no ulceration is considered appropriate 
for EMR.

Advantages and disadvantages of ESD
ESD enables the treatment of  even large ulcerative 
lesions and lesions with scarring, and a high en bloc 
resection rate (> 90%) has been reported in several 
Japanese studies[5,28,60-62]. A recent trend has been seen 
with the selection of  ESD as an effective and safe 
endoscopic treatment method for all GI neoplasms. With 
accurate pathological evaluation by en bloc resection 
through ESD, the endoscopist can reach a decision 
about complete resection or curative resection as a 
complete therapeutic option for early gastric neoplasms. 
However, this highly technical procedure needs a high 
level of  expertise and experience to correctly perform 
the submucosal dissection and to promptly control any 
procedure-related complications.

ESD procedure time is one important drawback. A 
long procedure can be followed by unwanted clinical 
complications related to premedication or heavy stress 
for patients. To reduce this time, various advances 
have been made in submucosal injections, knives, other 
accessories, and well-equipped electrocoagulation 
systems[24-55]. ESD procedure time is increased in cases 
with ulceration, scarring, a large lesion, or location in 
the upper portion of  the stomach[63]. The large upper 
portion of  the stomach region has a large vascular 
network, resulting in technical difficulty in the approach 
to dissection or control of  bleeding, all of  which 
increases the procedure time. Multi-bending endoscopy 
can be used to minimize technical difficulty[41]. In cases 
of  recurrent lesion or a lesion with an accompanying 
scar, the endoscopist needs to dissect very carefully, 
as a thin submucosal cushion and hard fibrotic tissue 
both make dissection difficult to perform without 
perforation.

The comparison of  outcomes between conventional 
EMR and ESD would obviously be better evaluated in 
a prospective randomized trial. Such a study, however, is 
difficult to conduct outside of  Japan, as the incidence of  
early gastric cancer is extremely low in other parts of  the 
world.

Figure 13  Endoscopic fan device. A: Blowing type; B: Ventilation type.

A

B
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