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Abstract
Endoscopic submucosal dissection (ESD) is very useful 
in en bloc  resection of large superficial colorectal 
tumors but is a technically difficult procedure because 
the colonic wall is thin and endoscopic maneuverability 
is poor because of colonic flexure and extensibility. A 
high risk of perforation has been reported in colorectal 
ESD. To prevent complications such as perforation 
and unexpected bleeding, it is crucial to ensure good 
visualization of the submucosal layer by creating a 
mucosal flap, which is an exfoliated mucosa for inserting 
the tip of the endoscope under it. The creation of a 
mucosal flap is often technically difficult; however, various 
types of equipment, appropriate strategy, and novel 
procedures including our clip-flap method, appear to 
facilitate mucosal flap creation, improving the safety 
and success rate of ESD. Favorable treatment outcomes 
with colorectal ESD have already been reported in many 
advanced institutions, and appropriate understanding 
of techniques and development of training systems are 
required for world-wide standardization of colorectal 
ESD. Here, we describe recent technical advances for 
safe and successful colorectal ESD.
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Core tip: Endoscopic submucosal dissection (ESD) is 
useful for en bloc  resection of large colorectal tumors 
but is a technically difficult procedure. Good visuali
zation of the submucosal layer is crucial for safely 
and successfully performing colorectal ESD because 
poor visualization of the operative field may result 
in perforation or unexpected bleeding. Creating a 
mucosal flap solves these problems; however, it is the 
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process that requires the most skill in this procedure. 
To facilitate the mucosal flap creation, we developed 
the clip-flap method, which is simple and very effective 
for colorectal ESD. We described recent advances in 
colorectal ESD techniques and devices.

Yamamoto K, Michida T, Nishida T, Hayashi S, Naito M, Ito T. 
Colorectal endoscopic submucosal dissection: Recent technical 
advances for safe and successful procedures. World J Gastrointest 
Endosc 2015; 7(14): 1114-1128  Available from: URL: http://
www.wjgnet.com/1948-5190/full/v7/i14/1114.htm  DOI: http://
dx.doi.org/10.4253/wjge.v7.i14.1114 

INTRODUCTION
Endoscopic submucosal dissection (ESD) was recently 
developed for en bloc resection of early stage gastroin­
testinal neoplasms with negligible risk of lymph node 
metastasis[1-5]. Higher rates of en bloc resection of large 
colorectal tumors have been reported with colorectal 
ESD than with endoscopic mucosal resection (EMR); 
however, colorectal ESD confers an increased risk of 
perforation[6-10]. A high degree of technical skill and the 
development of specific strategies for colorectal ESD 
are required because of the anatomical characteristics 
of the colon, namely being a long and winding tube with 
a thinner wall than other regions of the gastrointestinal 
tract[4,6]. To prevent complications such as perforation 
and uncontrollable bleeding, it is crucial to maintain 
good visualization of the submucosal layer to be 
dissected[4,11,12]. Therefore, the mucosal flap creation is 
the key procedure[12], although this process is technically 
challenging. To facilitate the mucosal flap creation, we 
recently developed the clip-flap method in which an 
endoclip is initially substituted for the mucosal flap[13-15]. 
Several types of endoknives were developed and pro­
perly utilizing them according to the requirements is 
also important. In this review, recent advances in tech­
niques using various devices in colorectal ESD will be 
described.

INDICATION FOR COLORECTAL ESD
Before performing colorectal ESD, the determination 
of the indications for ESD by preoperative examination 
is highly important. EMR using a snare remains the 
main treatment for superficial colorectal tumors. 
However, EMR is not adequate for en bloc resection 
of flat lesions larger than 20 mm in diameter because 
incomplete removal and local recurrence are occasionally 
observed[16,17]. The indications for ESD are therefore 
considered for a tumor when using EMR for en bloc 
resection is difficult. The guidelines on the indications for 
colorectal ESD were published in Japanese and Spanish 
academic societies of gastrointestinal endoscopy[18,19]. 
Basically, the indications for ESD are colorectal tumors 
for which endoscopic en bloc resection is required but en 

bloc resection with EMR is difficult to apply. The primary 
objective lesions are large colorectal tumors, such as 
the laterally spreading tumor granular type (LST-G) with 
a large nodule or the laterally spreading tumor non-
granular type (LST-NG)[20,21], which are suspected to be 
intramucosal or with slightly invaded submucosal cancers 
> 20 mm in diameter in the preoperative examinations. 
Large protruding lesions are also indications for 
colorectal ESD[18,19]. However, an abundance of caution 
is required to treat large protruding lesions because 
even experienced endoscopists sometimes cannot avoid 
discontinuation of submucosal dissection due to severe 
submucosal fibrosis and retracted muscle[22]. Even if the 
size of the tumor is less than 20 mm, mucosal lesions 
with submucosal fibrosis, which cannot be resected with 
EMR, can be the indications for ESD. 

In contrast, the technical simplicity of EMR can 
permit its utilization for colorectal tumors > 20 mm in 
diameter when the preoperative diagnosis is adenoma 
or mucosal cancer in adenoma[18-20], although piecemeal 
mucosal resection includes the problem of a high local 
recurrence rate[20]. Magnifying chromoendoscopy for 
pit pattern observation[23] and magnifying image-
enhanced endoscopy (narrow band imaging[24,25] or 
blue laser imaging[26], etc.) are useful for preoperative 
differential diagnosis of adenoma, intramucosal cancer, 
and submucosal invasive cancers. It is better to avoid 
preoperative biopsy if the endoscopic treatment is 
planned to be performed because biopsy often causes 
submucosal fibrosis, complicating further endoscopic 
treatment[18]. In addition, the endoscope maneuverability 
should be analyzed before performing ESD because 
poor endoscope maneuverability may cause incomplete 
resection or complications[27,28].

METHOD FOR SAFE AND SUCCESSFUL 
ESD
Preparation and oral intake
Bowel preparation is required for adequate visualization 
of the operative field and as prophylaxis against bac­
terial peritonitis in case of perforation. Patients are 
restricted to a low-fiber diet on the day before colorectal 
ESD and are instructed to orally consume 10 mL 
picosulfate after the last meal on the day before the 
procedure. Two-four liters of an electrolyte solution is 
orally administrated before the procedure[11,29]. 

 In contrast, no food or drink is allowed on the day of 
the procedure or the following day. Provided that there 
are no signs or symptoms of complications, patients will 
begin drinking water on day 1 and have light meals (rice 
porridge) on day 2. Meals are upgraded to normal food 
with alcohol excluded from day 2 until day 3-5 or the 
date of hospital discharge[30-32].

Sedation and patient’s position
Light or conscious sedation is appropriate for colorectal 
ESD because deep sedation makes alteration of the 
patient’s position difficult and often leads to severe 
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respiratory fluctuations[11]. At our institution, mida­
zolam (2 mg) and pethidine (17.5-35 mg) is initially 
intravenously administered. Light sedation is maintained 
with additional administration of midazolam or pethidine 
during the procedure. In cases where a long procedure 
duration is expected, the use of dexmedetomidine 
may be useful in maintaining good sedation levels[33,34]. 
Use of a carbon dioxide (CO2) insufflation system 
(UCR; Olympus Co., Tokyo, Japan) is extremely 
helpful for reducing the patient’s discomfort and risk 
of peritonitis in case of perforation[35-37]. Excessive air 
present during the procedure decreases the endoscope 
maneuverability, but carbon dioxide can be quickly 
absorbed[35-37]. Yoshida et al[38] reported that CO2 

insufflation during colorectal ESD was safe even for 
patients with obstructive ventilator disturbance.

Scopolamine butylbromide (10 mg) is administrated 
to all patients except those contraindicated because 
of reduced bowel movement immediately prior to the 
procedure. Additional doses may be administered during 
the procedure. Administration of intravenous glucagon[39] 
or intraluminal peppermint oil[40] may be useful for 
patients who are contraindicated for scopolamine.

The patient’s position is critical in performing 
successful colorectal ESD. In principle, the lesion should 
be moved upward as far as possible against the force of 
gravity prior to ESD and followed by a postural change to 
take advantage of the counter-traction of gravity[4,11,41,42]. 
The direction of gravity can be understood by the 
pooling of water or indigo carmine dye[11]. However, the 
intestinal lumen may become narrower or broader on 
alteration of the patient’s position due to the movement 
of air. ESD becomes particularly challenging in narrowed 
lumen. Therefore, it is recommended that ESD should 
be commenced after each position (supine, prone, left 
lateral decubitus position, and right lateral decubitus 
position) has been adequately assessed as far as 
possible. In case of large lesions, changing the pati­
ent’s position during the procedure is often required to 
ensure optimal operative field[4].

Selection of endoscope
ESD is generally performed using a single-channel 
colonoscope. At our institution, PCF-H290I or CF-
H290I (Olympus), which have a water-jet function, 
are currently predominantly used because the water-
jet function is convenient for hemostasis during ESD. 
Moreover, a gastroendoscope (GIF-HQ290, GIF-Q260J; 
Olympus) may be used for lesions in the rectum or 
distal sigmoid colon because the shorter endoscope can 
be easily operated in such locations[11,43]. In addition, a 
gastroendoscope can be used to approach lesions from 
the oral side in retroflexion more easily than with a 
conventional colonoscope. 

Endoscope maneuverability is crucial to precisely 
perform ESD. ESD is challenging in cases of poor 
endoscope maneuverability, although experts can 
overcome these difficulties in most cases. Straightening 
of the endoscope is important for maintaining good 

endoscope maneuverability. Single-balloon[44] (OBCU; 
Olympus) or double-balloon endoscopy systems[45,46] 
(PB-20; Fujifilm Co., Tokyo, Japan) may be useful in 
cases of extremely poor maneuverability. 

Distal attachments (Hoods)
The use of distal attachments is essential in safely 
performing colorectal ESD. The cutting area can be 
broadened and visualized with the use of distal attach­
ments during the procedure. The shapes of distal attach­
ments for colorectal ESD are mainly divided into straight 
types (D-201; Olympus, Figure 1A) and tapered types. 
Straight distal attachments allow larger working spaces 
for the operation of endoknives or forceps; however, 
the submucosal layer must be cut more deeply to insert 
the attachment under the exfoliated mucosa compared 
with tapered distal attachments. At our institution, 
a distal attachment (F-050/020, M-02/03/01; Top 
Corp., Tokyo, Japan, Figure 1B and C), which is slightly 
tapered, is attached to the tip of the endoscope. Small-
caliber tip transparent hoods (ST-hood; Fujifilm) (Figure 
1D) are useful for accessing narrow cutting areas[4,47]. 
Furthermore, this distal attachment is used for the 
tunnel[41,48] or pocket-creation method[49]. 

Endoknives and high-frequency generators
Various types of endoknives are used for colorectal ESD. 
Short-needle knives are the most widely used type of 
endoknife for colorectal ESD. The DualKnife[50] (Olympus, 
Figure 2A) is a short-needle endoknife that has a small 
disk at the tip of a short needle. The FlushKnife BT[51] 
/FlushKnife (Fujifilm, Figure 2B), Jet B-knife (Zeon 
Medical, Tokyo, Japan, Figure 2C)[52], and Splash 
needle (Pentax Medical, Tokyo, Japan) are all short-
needle knives with a water-jet function that enable 
submucosal injection without requiring the injection 
needle to be changed. The HookKnife[53] (Olympus, 
Figure 2D) has a hook on the tip that enables hooking 
and cutting of submucosal tissue. The HookKnife is 
particularly useful when the tangential approach is 
difficult or submucosal fibrosis is present because 
the submucosal tissue can be easily hooked and cut 
with this endoknife. The SBknife Jr[54-56] (Sumitomo 
Bakelite, Tokyo, Japan, Figure 2E) and Clutch Cutter[57] 
(Fujifilm) (Figure 2F) are scissor-type endoknives that 
have a rotation function. Scissor-type endoknives can 
be easily operated in the manner of forceps even by 
inexperienced operators. In addition, it can be efficiently 
operated even in cases when the tangential approach 
is difficult or endoscope maneuverability is extremely 
poor, because the submucosal tissue can be dissected 
simply by grasping, lifting, and applying an electrical 
current. The ITknife-nano (Olympus, Figure 2G) is an 
endoknife with an insulator on the tip of the blade that 
was developed for colorectal or esophageal ESD. Its 
use may allow increased dissection speeds[21] because 
it has a long blade between the insulated-tip and the 
sheath. The Mucosectom[58] (PENTAX, Figure 2H and 
I) and Swanblade (PENTAX, Figure 2J) have blades on 
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The settings on each instrument when using short-
needle knives (FlushKnife BT, DualKnife) and hemostatic 
forceps (FD-410LR, FD-411QR; Olympus) are shown in 
Table 1[11,50,59]. 

Strategies for improving safety and efficacy of ESD
ESD is usually initiated either from the anal side of the 
lesion in a forward direction or from the oral side in 
retroflexion[11,43]. There are benefits and limitations to 
both methods. Dissection from the anal side can be 
performed in almost all cases; however, endoscope 

an insulated rod that has a rotation function. These 
endoknives were developed for the safe and rapid 
dissection of the submucosal layer. At our institution, the 
FlushKnife BT (DK2618JB15/20) is predominantly used. 
According to the specific situation, other endoknives 
may be used in conjunction.

A high-frequency generator with an automated 
control system is required for ESD. At our institution, 
the VIO 300D (Erbe Elektromedizin GmbH, Tubingen, 
Germany) is predominantly used. ICC-200 (Erbe) or 
ESG-100 (Olympus) are also used for colorectal ESD. 
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Figure 1  Distal attachments for colorectal endoscopic submucosal dissection. A: D-201; B: F-050; C: M-02; D: Short ST-hood.
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Figure 2  Various types of endoknives used for colorectal endoscopic submucosal dissection. A: DualKnife; B: FlushKnife BT; C: Jet B-knife; D: Hooknife; E: 
SBknifeJr; F: Clutch cutter; G: ITknife-nano; H: Mucosectom-short blade; I: Mucosectom-long blade; J: Swanblade.
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lesion and then the lesion tends to be more tangentially 
approached and more easily dissected (Figure 4B). 
Saline, 0.4% sodium hyaluronate solution (MucoUp; 
Johnson and Johnson, Tokyo, Japan) (Sigmavisc; 
Hyaltech Ltd., Livingston, United Kingdom), or 10% 
glycerin with a small amount of indigo carmine dye and 
0.001% epinephrine are usually used as the injected 
solution[11,41,47,62]. Sodium hyaluronate solution is the 
most long-acting agent that can be locally injected for 
colorectal ESD[63]. Suvenyl (2% hyaluronate, Chugai, 
Tokyo, Japan) or Artz (1% hyaluronate, Seikagaku 
Corp. Tokyo, Japan) may be used after coordinating 
their concentrations[4,47,63]. 

Following submucosal injection, the mucosa adjacent 
to the lesion is incised with an adequate margin before 
incision of the submucosal layer. A complete or partial 
circumferential mucosal incision is initially made 
according to the institutions’ established procedures or 
characteristics of the lesion. A partial circumferential 
mucosal incision has recently been introduced at 
an increasing number of institutions because initial 
complete circumferential mucosal incision can make 
insertion of the distal attachment under the exfoliated 
mucosa difficult because of the loss of mucosal tension 
caused by extensive mucosal incision[4,11,30]. At our 
institution, a partial circumferential mucosal incision 

maneuverability is somewhat unstable, and the treat­
ment of the mucosa just beyond a haustrum or a colonic 
flexure is occasionally challenging. Dissection from the 
oral side in retroflexion requires adequate space with 
a broad lumen; however, endoscope maneuverability 
is comparatively stable using this method[11,60]. The 
method selection by endoscopists largely depends 
on the institutions’ established procedures and lesion 
location. At our institution, dissection from the anal side 
is predominantly performed and dissection from the oral 
side in retroflexion is occasionally performed in cases 
where approaching from anal side is difficult.

 In either case, it is important to start dissecting 
the submucosa immediately proximal to the tip of the 
endoscope to avoid complications, such as perforation 
and unexpected bleeding, caused by blind procedures. 
Therefore, insertion of a distal attachment under the 
exfoliated mucosa of the lesion side is a crucial step in 
safely and effectively dissecting the submucosal layer. 
The lesional exfoliated mucosa is called the mucosal 
flap (Figure 3B)[12,61]. Formation of the mucosal flap 
facilitates safe and sequential dissection.

Submucosal injection, mucosal incision, and deeper cut
While approaching from the anal side, a solution is 
injected in the submucosal layer of the anal side of the 
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  Device Mucosal incision Submucosal dissection Hemostasis

  FlushKnifeBT with VIO 300D 
  (at our institution)

Endocut I, effect 2, 
duration 3, interval 3

Forced coag, effect 2, 40-50 W
Swift coag, effect 2, 40-50 W

Forced coag, effect 2, 40-50 W
Swift coag, effect 2, 40-50 W

  with ICC 200 
  (at our institution)

Endocut, effect 2-3, 
80-120 W

Forced coag, 40-50 W
Endocut, effect 2-3, 80-120 W

Forced coag, 40-50 W

  DualKnife with VIO 300D[49] Dry cut, effect 2, 30 W Swift coag, effect 4, 30 W Swift coag, effect 4, 30 W
  with ESG-100[59] Pulse-cut-slow, 50 W Forced coag, effect 2 Forced coag, effect 2
  Hemostatic forceps
     FD-410LR with VIO 300D[11] Soft coag, effect 5, 50 W
     with ICC 200
     (at our institution)

Soft coag, 80 W

     with ESG-100[59] Soft coag, 80 W
     FD-411QR with VIO 300D
     (at our institution)

Soft coag, effect 6, 80-100 W

Table 1  Setting of high-frequency generators for colorectal endoscopic submucosal dissection using Flush Knife BT, Dual Knife, and 
hemostatic forceps (FD-410LR, FD-411QR)

A

B

Figure 3  Schema of the mucosal flap. A: After injecting a solution 
in the submucosal layer, mucosal incision and deeper cut are made; 
B: Continuing to dissect the submucosal layer allows the creation of 
the “mucosal flap” (Red arrows point to the “mucosal flap”). Inserting 
the distal attachment under the mucosal flap provides good counter-
traction to the submucosal layers and allows good visualization 
of the operative field. Therefore, completion of the mucosal flap 
facilitates subsequent submucosal dissection.
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Figure 4  Endoscopic submucosal dissection of a laterally spreading tumor, non-granular type lesion using the clip-flap method. A: A 45 mm, LST-NG was 
located at the sigmoid colon. The patient was first positioned so that the bowel wall containing the lesion was uppermost, and this maximizes the assistance of gravity 
during ESD; B: Submucosal injection was performed from the anal side; C: Mucosal incision from the anal side was made using FlushKnife BT; D: Deeper cut of the 
anal side was made; E: The submucosal layer could not be adequately visualized because it was hidden by the exfoliated mucosa at this region. Insertion of the distal 
attachment under the exfoliated mucosa was difficult because of the tight space between the exfoliated mucosa and muscle, despite the condition after submucosal 
injection; F: After the width of endoclip’s prongs was slightly narrowed, the edge of the exfoliated mucosa was clipped with an endoclip while lifting the exfoliated 
mucosa with the prongs of the endoclip, so that the deep layer of the submucosa was not grasped by the endoclip; G: The endoclip was attached to the exfoliated 
mucosa. The tail end of the endoclip attached to the mucosa slightly fell toward the intestinal lumen due to gravity, allowing the attachment to be easily inserted under 
the endoclip; H: The distal attachment was inserted under the endoclip, and then mucosa and the submucosal layer were elevated by the endoclip. The submucosal 
layer could be clearly visualized and dissected with the endoknife under the direct vision; I: The distal attachment could be inserted under the exfoliated mucosa by 
cutting the vasculature; J: Following mucosal flap formation, the submucosal layer could be dissected more easily; K: Dissection was completed following complete 
circumferential incision without any complications. Artificial ulcer after ESD; L: Resected specimen. Histopathological examination confirmed intramucosal cancer, and 
margin (-). LST-NG: Laterally spreading tumor, non-granular type; ESD: Endoscopic submucosal dissection.

A B C

D E F

G H I

J K L
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the mucosal flap until the flap is completed[13-15]. The 
basic procedure is as follows.

After submucosal injection, the mucosa adjacent to 
the lesion on the anal side is incised with an adequate 
margin and then the submucosal layer is cut deeply 
(Figure 4A-E). The edge of the exfoliated mucosa 
is clipped with an endoclip (EZ Clip, HX-610-135; 
Olympus; Figure 4F and G) while lifting the exfoliated 
mucosa with the prongs of the endoclip, so that the 
deep layer of the submucosa is not grasped by the 
endoclip. The distal attachment is inserted under the 
endoclip, and then the endoclip is lifted with the distal 
attachment. Consequently, the exfoliated mucosa is 
pulled up by the endoclip, allowing clear visualization 
and effective dissection of the submucosal layer by 
counter-traction using the endoclip (Figure 4H and I). 
In addition, the distal attachment can be easily inserted 
under the endoclip when the tail end of the endoclip 
is directed toward the intestinal lumen (Figure 4G) by 
using gravity after a postural change or temporarily 
lifting the endoclip with the endoknife.

Other than a single endoclip (Figure 4G and H), a 
cross pattern of endoclips created by attaching one 
endoclip to another endoclip is used to provide good 
counter-traction according to the situations[14]. We use 
the EZ clip in the clip-flap method because it can be 
easily rotated, and it has a joint between the metal 
prongs and sheath, most of which is made of plastic. 
The joint may be utilized as a step difference with which 
to hook it to the distal attachment. A long endoclip may 
be inappropriate because it can be a hindrance in a 
narrow lumen.

In our experience, the clip-flap method was effective 
in most cases, even in the presence of submucosal 
fibrosis or with a vertical approach, but can be difficult 
to use in some situations. When lesions are located 
within a very narrow lumen, such as in the anal tube, 
just beyond the colonic flexure, or when endoscope 
maneuverability is extremely poor, attaching the 
endoclip to the exfoliated mucosa and inserting the 

from the anal side is usually made (Figure 4C) because 
it allows widening of the gap between lesional and 
non-lesional mucosa and greater ease of insertion of 
the distal attachment under the exfoliated mucosa. In 
partially circumferential mucosal incision, a complete 
circumferential mucosal incision is made after the 
creation of the mucosal flap.

At our institution, mucosal incision with the 
FlushKnife BT is performed with the endocut I mode. 
Deeper cut of the submucosal layer is performed with 
the forced coagulation or swift coagulation mode.

Creation of the mucosal flap
Insertion of the distal attachment under the exfoliated 
mucosa is critical in allowing dissection of the submu­
cosal layer while maintaining a good operative field. 
However, adequate visualization of the submucosal 
area at the beginning of the dissection is difficult 
because it is commonly hidden under the exfoliated 
mucosa. Poor visualization of the submucosal layer to 
be dissected may cause perforation and unexpected 
bleeding. To enhance visualization and ensure safe 
dissection of the submucosal layer, a mucosal flap must 
be created. Insertion of the distal attachment under the 
mucosal flap elevates the mucosal flap and provides 
counter-traction to the submucosal layer that allows 
easier dissection (Figure 4J). Therefore, creation of the 
mucosal flap is the most important step of the ESD 
procedure[12]; however, this process requires the most 
technical skill. The presence of submucosal fibrosis or 
vasculature often hinders smooth dissection and vertical 
approaches make creation of the mucosal flap more 
challenging. Changing the type of endoknife (Figure 
5A-C) or using a tapered-type distal attachment may 
have utility in cases where the creation of the mucosal 
flap proves difficult.

The Clip-flap method
To facilitate the mucosal flap creation, we developed the 
clip-flap method, in which an endoclip is substituted for 
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Figure 5  Three steps of safe submucosal dissection using a scissor-type endoknife (SBknifeJr) in case of a vertical approach. A: The endoscope was 
rotated and the exfoliated mucosa was turned down with a tip of an endoknife to clearly visualize the submucosal layer to be dissected along with the scissor tips; B: 
The edges of the scissor-type endoknife was opened; C: The submucosal layer under the exfoliated mucosa could be safely dissected by grasping and pulling up with 
the endoknife before application of an electrical current. Repeating these procedures led to the creation of the mucosal flap and successful endoscopic submucosal 
dissection.

A B C
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SUCCESS RATES AND COMPLICATIONS
Single- and multi-center studies of colorectal ESD 
have reported en bloc resection rates of 61%-99.3%, 
perforation rates of 0%-20.4%, and bleeding rates 
ranging from 0% to 11.9% (Table 2)[8-10,12,14,29,52,54,56,62,64,

65,69-88]. Numerous studies regarding colorectal ESD were 
reported in Japan where colorectal ESD was initially 
developed; furthermore, the reports from some other 
Asian countries and Western countries are continuously 
increasing. Direct comparison of treatment outcomes is 
difficult because the technical difficulty of ESD is greatly 
affected by tumor location, tumor size, the presence of 
submucosal fibrosis, and endoscope maneuverability. In 
addition, in some studies, treatment outcomes do not 
include data of earlier stage of colorectal ESD. However, 
recent single- and multi-center studies have reported 
improved treatment outcomes compared with previous 
studies[6,61,72,86,89]. Nakajima et al[86] recently reported 
a comparatively high en bloc resection rate (94.5%) 
and low perforation rate (2.0%) of colorectal ESD in 
a Japanese large multi-center prospective study. The 
development of various devices and improvement of 
the endoscopist’s skill appear to have contributed to 
recent improvements in treatment outcomes[21,52,55,90,91]. 
Probst et al[62] reported low perforation rate (1.9%) and 
permissible en bloc resection rate (81.6%) of colorectal 
ESD in a European single-center study. Furthermore, 
higher en bloc resection rate (96.2%) in their late stage 
was reported compared with that in their early (60.0%) 
and middle stage (88.0%). These data reveal that 
colorectal ESD may be widely spread even in European 
countries where ESD experience is low.

In contrast, some studies have compared the local 
recurrence rates after EMR and ESD for large colorectal 
tumors (Table 3)[92-96]. Those studies demonstrated 
that local recurrence rates after ESD were significantly 
lower than after EMR because of the high en bloc 
resection rates with ESD despite the larger tumor sizes 
compared with EMR[92,93,95,96]. Oka et al[96] reported that 
piecemeal resection was the most important risk factor 
for local recurrence regardless of EMR or ESD in a large 
multicenter prospective study. Most local recurrences 
of mucosal lesions may be addressed with additional 
endoscopic treatment; however, close follow-up 
colonoscopy is required to detect local recurrence after 
piecemeal resection[92-96], even with ESD.

Perforation is a major complication of colorectal 
ESD; however, most cases of perforation can be conser­
vatively treated by closure with endoclips (Figure 6A 
and B). However, endoscopists should give particular 
attention to the risks of perforation because open or 
laparoscopic surgery may be required for bacterial 
peritonitis, particularly with delayed perforations[77,85,97]. 
Larger lesional size, submucosal fibrosis, colonic loca­
tion, and less experienced ESD operators have all been 
reported as risk factors for perforation during colorectal 
ESD[10,27,28,77,87].

distal attachment under the endoclip may be difficult[14].
The clip-flap method is very simple and requires 

no special equipment other than common rotatable 
endoclips. Furthermore, various types of distal 
attachments, including a tapered type, can be used in 
the clip-flap method.

The endoscopists may apply the clip-flap method 
or change the endoknife or distal attachment according 
to the situation, when inserting the distal attachment 
under the exfoliated mucosa is difficult.

Submucosal dissection
Following mucosal flap formation, adequate visualization 
of the submucosal layer to be dissected is ensured 
by lifting the mucosal flap with the distal attachment. 
Many vessels are present in the submucosal layer. 
Bleeding worsens the translucency of submucosal layer 
and makes dissection of the submucosal layer much 
more challenging after bleeding. Thick vessels are 
pre-coagulated with hemostatic forceps using the soft 
coagulation mode and cut after precoagulation with 
an endoknife[12]. Fat tissue is occasionally observed in 
the submucosal layer, and the translucent layer to be 
dissected is found below submucosal fat tissue. The deep 
submucosal layer should be dissected to determine the 
presence or absence of massive malignant submucosal 
invasion[12]. 

At our institution, submucosal dissection is predomi­
nantly performed with the FlushKnife BT using forced 
or swift coagulation mode. Forced coagulation mode is 
superior to swift coagulation mode for hemostasis but 
inferior for incision. Therefore, we initially use forced 
coagulation mode and change to swift coagulation 
mode in cases where the submucosal tissue cannot be 
easily incised with forced coagulation mode because of 
submergence, fat rich tissue, fibrosis, or burnt tissue. 
Endocut I mode can also be used for incision of burnt 
tissue or tissue with severe fibrosis.

Submucosal fibrosis is an important factor that 
has a large impact on the technical difficulty of disse
ction[10,27,64-66]. Submucosal fibrosis complicates disse­
ction by losing the translucency of the submucosal 
layer or narrowing the space between the mucosa and 
muscle. Furthermore, the presence of submucosal 
fibrosis is often preoperatively unexpected. Endoscopists 
must dissect the submucosal layer more carefully in 
cases of submucosal fibrosis because submucosal 
fibrosis increases perforation risk. Additional submucosal 
injection of solution widens the gap between the 
exfoliated mucosa and muscle layer and enhances the 
safety of submucosal dissection. A short needle knife 
with a water-jet function, such as FlushKnife BT, is very 
useful in these situations because it enables repeated 
submucosal injection without changing the injection 
needle[12,51,67,68]. A HookKnife or scissor-type endoknife, 
which enable the endoscopists to resect the submucosal 
tissue while pulling up on it, may also be useful in those 
situations[55]. 
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vatively managed with hemostatic forceps or endoscopic 
clipping in the majority of cases[77,85].

Post-operative bleeding is less common with 
colorectal ESD than with gastric ESD and can conser­
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Table 3  Comparison of local recurrence rates after endoscopic mucosal resection and endoscopic submucosal dissection for removal 
of large colorectal tumors from previous single-center or multicenter studies

S: Single center; M: Multicenter; R: Retrospective study; P: Prospective study; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; 
Tumor size: Mean ± SD. 

Yamamoto K et al . Safe techniques in colorectal ESD

S: Single center; M: Multicenter; R: Retrospective study; P: Prospective study.

  Ref. Year Country Study 
design

No. of 
cases

Tumor 
size

(mm)

En bloc
resection 
rate (%)

Complete 
en bloc
resection 
rate (%)

Perforation
(%)

Bleeding (%)

  Fujishiro et al[69] 2007 Japan S, R 200 29.9 91.5 70.5 6 1
  Tamegai et al[70] 2007 Japan S, R 71 32.7 98.6 95.6 1.4
  Hurlstome et al[29] 2007 United Kingdom S, R 42 78.6 73.8 2.4 11.9
  Taku et al[8] 2007 Japan M, R 43 14
  Zhou et al[9] 2009 China S, R 74 32.6 93.2 89.2 8.1 1.3
  Iizuka et al[71] 2009 Japan S, R 38 39 61 58 8
  Isomoto et al[64] 2009 Japan S, R 292 26.8 90.1 79.8 8.2 0.7
  Hotta et al[72] 2010 Japan S, R 120 35 93.3 85 7.5
  Niimi et al[73] 2010 Japan S, R 310 28.9 90.3 74.5 4.8 1.6
  Matsumoto et al[65] 2010 Japan S, R 203 32.4 85.7 6.9
  Yoshida et al[74] 2010 Japan S, R 250 29.1 86.8 81.2 6 2.4
  Tanaka et al[75] 2010 Japan M, R 8303 83.8 4.8 1.6
  Oka et al[76] 2010 Japan M, R 688 3.3 1.7
  Saito et al[77] 2010 Japan M, P 1111 35 88 4.9 1.5
  Kim et al[10] 2011 South Korea S, R 108 27.6 78.7 20.4
  Shono et al[78] 2011 Japan S, R 137 29.2 89.1 85.4 3.6
  Uraoka et al[79] 2011 Japan S, R 202 39.9 91.6 2.5 0.5
  Takeuchi et al[80] 2012 Japan S, R 348 30 91.1 2.3 4.6
  Probst et al[62] 2012 Germany S, R 82 45.5 81.6 69.7 1.9 7.9
  Toyonaga et al[12] 2012 Japan S, R 1143 99.3 1.4 1.2
  Homma et al[54] 2012 Japan M, R 102 32.4 100 1
  Tseng et al[81] 2013 Taiwan S, R 92 37.2 90.2 89.1 12 0
  Thorlacius et al[82] 2013 Sweden S, R 29 26 72 69 6.9 3.4
  Hülagü et al[83] 2013 Turkey S, R 44 30 77.3 4.5 9.1
  Hsu et al[84] 2013 Taiwan S, R 50 33 86 82 6 0
  Saito et al[52] 2013 Japan S, R 806 37 90 2.8 1.9
  Lee et al[85] 2013 South Korea S, R 1000 24.1 97.5 5.3 0.4
  Nakajima et al[86] 2013 Japan M, P 816 94.5 2 2.2
  Hori et al[87] 2014 Japan S, P 247 35 93.1 92.3 2 0.4
  Bialek et al[88] 2014 Poland S, R 37 37 86.5 81.1 0 5.7
  Nawata et al[56] 2014 Japan S, R 150 98.6 91.3 0 0
  Yamamoto et al[14] 2015 Japan S, R 119 32.5 97.5 90.8 0.8 1.7

Table 2  Previous reports of treatment outcomes following colorectal endoscopic submucosal dissection

  Ref. Study design Recurrence rate after EMR 
(En bloc  resection with EMR)

(Tumor size with EMR)

Recurrence rate after ESD 
(En bloc  resection with ESD)

(Tumor size with ESD)

P  value

  Saito et al[92] S, R 14.0%; 33/228 2%; 3/145 P < 0.0001
(33%; 74/228) (84%; 122/145) P < 0.0001
(28 ± 8 mm) (37 ± 14 mm) P = 0.0006

  Tajika et al[93] S, R 15.4%; 16/104 1.2%; 1/85 P = 0.002
(48.1%; 50/104) (83.5%; 71/85) P < 0.001
(25.5 ± 6.8 mm) (31.6 ± 9.0 mm) P < 0.001

  Terasaki et al[94] S, R 8.0%; 14/176 0%; 0/56
(39.3%; 70/178)

  Lee et al[95] S, R 25.7%; 29/113 0.8%; 2/257 P < 0.001
(42.9%; 60/140) (92.7%; 291/314) P < 0.001
(21.7 ± 3.5 mm) (28.9 ± 12.7 mm) P < 0.001

  Oka et al[96] M, P 6.8%; 55/808 1.4%; 10/716 P < 0.01
(53.2%; 430/808) (95.0%; 680/716)
(32.8 ± 15.7 mm) (39.6 ± 18.6 mm) P < 0.01



a thin conventional endoscope can be introduced was 
useful for colorectal ESD, particularly for poor endoscope 
maneuverability in the proximal colon.

Sinker-assisted ESD[105], magnet anchor-guided 
ESD[106], clip with line-assisted ESD[107,108], clip with 
rubber- or spring-assisted ESD[109,110], clip-band ESD[111], 
a double-channel scope method[112,113], and a double 
endoscopic intraluminal procedure[114,115] have all been 
described as traction systems that facilitate ESD. Each 
system has a unique traction system that utilizes 
specialized equipment to provide counter-traction[107]. 
Because these traction systems are somewhat compli­
cated or commercially unavailable, they are not widely 
used in colorectal ESD at present. The improvement of 
these traction systems or development of new tractions 
systems or devices[116] may facilitate improvements in 
the safety or efficacy of colorectal ESD in the future. 

CONCLUSION
In this review, we have described the technical aspects 
and recent progresses in colorectal ESD. Maintaining 
good visualization of the operative field is the most 
important for safely and successfully performing 
colorectal ESD. Developments of various devices, novel 
procedures, and appropriate strategies have resulted in 
the recent improvement of the treatment outcome in 
colorectal ESD. Further development of training systems 
or devices will promote world-wide standardization of 
colorectal ESD.
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