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Advanced endoscopic submucosal dissection with traction
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Abstract
Endoscopic submucosal dissection (ESD) has been es-
tablished as a standard treatment for early stage gas-
tric cancer (EGC) in Japan and has spread worldwide. 
ESD has been used not only for EGC but also for early 
esophageal and colonic cancers. However, ESD is as-
sociated with several adverse events, such as bleeding 
and perforation, which requires more skill. Adequate 
tissue tension and clear visibility of the tissue to be dis-
sected are important for effective and safe dissection. 
Many ESD methods using traction have been devel-
oped, such as clip-with-line method, percutaneous trac-
tion method, sinker-assisted method, magnetic anchor 
method, external forceps method, internal-traction 
method, double-channel-scope method, outerroute 
method, double-scope method, endoscopic-surgical-
platform, and robot-assisted method. Each method has 
both advantages and disadvantages. Robotic endos-
copy, enabling ESD with a traction method, will become 
more common due to advances in technology. In the 

near future, simple, noninvasive, and effective ESD us-
ing traction is expected to be developed and become 
established as a worldwide standard treatment for su-
perficial gastrointestinal neoplasias. 
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Core tip: Endoscopic submucosal dissection (ESD) is 
associated with several adverse events, therefore, it 
requires more skill. Adequate tissue tension and clear 
visibility of the tissue to be dissected by traction are 
important for effective and safe ESD like surgery. Many 
ESD methods with traction have been reported until 
now. We review these ESD methods not only for early 
stage gastric cancer but also for early esophageal can-
cer or colonic cancer. We highlight both advantages 
and disadvantages of these methods.  
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INTRODUCTION
The possibility of  expanding the use for endoscopic 
treatment for early stage gastric cancer (EGC) has been 
proposed[1]. Endoscopic submucosal dissection (ESD) 
for EGC has improved the rate of  successful en bloc re-
section[2-6] compared to endoscopic mucosal resection 
(EMR). ESD enables resection en bloc for larger lesions, 
those with ulceration, and those located in difficult sites. 
Therefore, ESD has been established as a standard treat-
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ment for EGC in Japan and has spread worldwide. This 
method has been used not only for EGC but also for 
early esophageal and colonic cancers. However, ESD is 
associated with several complications, such as bleeding 
and perforation, which requires more skill. Traction is a 
standard method for maintaining a clear field of  vision 
and to facilitate in the cutting of  lesions during surgery. 
Likewise, adequate tissue tension and clear visibility of  
the tissue to be dissected by traction are important for 
effective and safe ESD[7-9].

The simplest method to achieve traction is position 
change[8,9]. The weight of  the lesions and fluid injected 
to the submucosal layer enables the lesions to be hung 
from the wall of  the gastrointestinal tract due to gravity. 
Endoscopic submucosal dissection becomes easier be-
cause the submucosal layer becomes wider and the field 
of  vision becomes clearer. However, it is sometimes 
difficult because of  limitation of  position change and 
extension of  the GI tract due to inner gas.

Recent reports on ESD with traction are described in 
this article (Table 1).

ESD WITH TRACTION IN UPPER 
GASTROINTESTINAL TRACT
Foremost, Hirao et al[10] reported on an EMR procedure 
using double endoscopes under general anesthesia, 
which was similar to surgery about 25 years ago. The 
lesion was grasped and lifted using grasping forceps 
through the thin endoscope, and submucosal dissection 
was done using a needle knife through the main scope 
(Figure 1). This method was revolutionary at that time; 
however, it was complicated and invasive. It required 
two endoscopic systems and more than two endosco-
pists and two assistants. Furthermore, two endoscopes 
couldnot be moved easily and independently because 
of  their combined diameter. Thereafter, many kinds of  
less complicated and invasive methods have been de-
veloped. 

Clip-with-line method
Lee et al[8] and Oyama et al[11] reported on the clip-with-
line method, which is a simple, easy and useful method 
for traction not only for gastric ESD (Figure 1) but also 
for esophageal (Figure 2), colonic, and duodenal ESD. A 
long silk line is tied to the arm part of  the clip, and the 
submucosal side of  the target lesion is grasped. The line 
is pulled very gently. This method creates a clear field of  
vision. Jeon et al[12] and Ota et al[13] reported on similar 
methods. However, the traction direction by the clip-
with-line method is limited. The pulley method is useful 
for pulling the line to the anal or opposite side (Figure 
3). The line is captured by the second clip and fixed at 
the opposite side of  the stomach. The first clip can be 
pulled to the anal side with the second clip acting like a 
pulley. Li et al[14] reported on similar method.  

Percutaneous-traction method
Kondo et al[15] reported on percutaneous traction-assisted 
EMR for gastric neoplasias, which requires a laparo-
scopic port with a trocar (Figure 4). A small snare is in-
troduced into the gastric lumen through a gastric port to 
grasp and pull the lesions away from the muscularis pro-
pria. Thereafter, von Delius et al[16] reported on similar 
methods using a PEG-minitrocar for the gastric mucosa, 
and Chen et al[17] reported on methods using a looped 
insertion wire for the esophageal lesions. The loop end 
of  the wire inserted through the PEG route was grasped 
using biopsy forceps and pulled into the esophagus. The 
wire was fixed on the proximal edge of  the resected mu-
cosa with a clip. The wire was gently pulled out through 
the PEG route, and the edge of  the resected mucosa 
pulled away from the muscle layer. Nishiwaki et al[18] re-
ported on transgastrostomic endoscopy-assisted ESD 
after percutaneous endoscopic gastrostomy. A small-
caliber endoscope was inserted through the mature gas-
trostomy, and the edge of  the resecting specimen was 
grasped to achieve traction. However, these methods are 
invasive and cannot be used for lesions on the anterior 
wall or high fundus of  the stomach. They are also some-
times difficult to control the traction direction. 

Magnetic anchor method
Kobayashi et al[19] and Gotoda et al[20] reported on a mag-
netic anchor system. The magnetic anchor with magnetic 
weight and microforceps is placed at the mucosal edge. 
ESD is done with suitable tension by using a high-power 
electromagnet placed outside the body. However, this 
system requires large and expensive instruments. 

External forceps method
Imaeda et al[21,22] reported on ESD using external grasp-
ing forceps. An external pair of  grasping forceps is used 
with a second pair (Figure 5A). This method is useful for 
creating a clear field of  vision due to not only pull but 
also push and gravity, for lesions in the gastric body but 
also for those in the antrum (Figure 5B); however, for 
lesions in the cardia and the lesser curvature or posterior 
wall of  the upper gastric body, this method is sometimes 
difficult. This procedure does not require any assistant 
to hold the forceps during ESD because the handle is 
locked. One endoscopist can easily and independently 
move the endoscope and forceps. Moreover, this proce-
dure can also enable release and regrasping of  the lesion 
with the forceps if  the traction is not sufficient. Great 
care must be taken to avoid damaging the mucosa, espe-
cially at the esophagocardial junction, and the overtube 
is necessary. Although the traction direction is limited, 
the forceps can always be used to raise the grasped side 
of  the lesion. 

Internal traction method
Several internal traction methods have been reported. A 
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set of  two clips connected by a rubber ring or a nylon 
line is used. The first clip connected by a rubber ring or 
nylon line is attached at the target part after circumferen-

tial incision. Parra-Blanco et al[23] reported the clip-band 
method. Matsumoto et al[24,25] reported on a new traction 
device called ‘‘medical ring’’. This device is mounted by 
connecting it to a hemoclip with 3-0 silk. The second clip 
is attached at the opposite sides of  the lesions (Figure 
6A). This method pulls up the lesion and opens the resec-
tion margin. Since lesions roll back, the traction direction 
and elevation of  the submucosal layer is not sometimes 
sufficient. Sakurazawa et al[26] reported on spring-assisted 
ESD (Figure 6B). One end of  the stainless-steel spring 
device (length 20 mm) is fitted with a polyurethane loop 
and the other end is fitted with a clip, which was attached 
to the opposite side. The spring lengthens by more than 
10 fold in this range. However, the spring device is made 
of  stainless steel, and its safety within the intestinal tract 
has not been established. Chen et al[27] reported on the 
nylon line method using 2 hemoclips. However, this 
method might not be applicable for neoplasms in the py-
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Table 1  Advantages and disadvantages of the traction endoscopic submucosal dissection methods

Traction Other advantages Other disadvantages

Push Control of direction Control of tension

ESD with traction in upper gastrointestinal tract
Clip-with-line method[8,11-14] - - + Simple, easy
Percutaneous-traction method[15-18] + + + Regrasping Invasive
Magnetic anchor method[19,20] + + + Large and expensive
External forceps method[21,22] + - + Regrasping, no need of 

assistant to hold the forceps 
Care of mucosal damage

Internal traction method[23-25] - - - Easy Roll back of mucosa
    Spring-assisted ESD[26] - - - Easy
Double-channel-scope method[28] + + + Regrasping Synchronous movement of forceps 

and scope
    R-scope[29-31] + + + Regrasping, swing of knife Thicker and heavier scope, 

synchronous movement of forceps 
and scope

Outerroute method[33-38] + + + Regrasping Synchronous movement of forceps 
and scope, small distance between 

forceps and knife 
Double-scope method[10] + + + Regrasping Interference of scopes, two light 

sources, double manpower
    Morita[39] + + + Regrasping, a little 

interference of scopes
Thicher overtube, two light sources, 

double manpower
    Higuchi[40] + + + Regrasping, one light source Interference of scopes, double 

manpower
Robot-assisted method[42-44] + + + Regrasping More complicated, no response of 

hemostasis
ESD with traction in colon and rectum
Sinker-assisted method[45] - - + Easy Retreival of scope
External forceps method[46] + - + Regrasping Retreival of scope, only rectum
Internal traction method[47-50] - - - Easy
Outerroute method[51] + + + Regrasping Synchronous movement of forceps 

and scope
Double-scope method[52,53] + + + Regrasping Two light sources and double 

manpower, interference of t scopes, 
lesions in only sigmoid colon and 

rectum
   Fusaroli[54] + + + Regrasping, much cheaper, 

one light source
interference of scopes, lesions in 
only sigmoid colon and rectum

Endoscopic surgical platform[55] + + + Regrasping, freedom 
offering surgical 

triangulation

more complicated configuration 
with fixed instruments, only rectum

ESD: Endoscopic submucosal dissection.

Figure 1  Schema of clip-with-line method.
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However, a double-channel scope is thicker, heavier, and 
more difficult to manipulate than a single-channel endo-
scope. Moreover, since the grasping forceps or the outer 
sheath is inserted through the endoscope, it moves syn-
chronously with the endoscope, which sometimes makes 
it difficult to control the traction direction and to cut the 
submucosal layer of  larger lesions. 

Outerroute method
Motohashi et al[33,34] reported on ESD using the Impact 
Shooter®, which is mounted on the scope (Figure 8). 
The mucosa was hold with the forceps through the 
channel which was connected to the Impact Shooter®, 
and the submucosal tissue was dissected with the hook 
knife. However, the forceps moves synchronously with 
the endoscope and the distance between forceps and 
knife is not sufficient; therefore it is sometimes difficult 
to control the traction direction. Okamoto et al[35] and 
Tsao et al[36] reported on ESD using a clip with a nylon 
suture through a thin tube. The plastic sheath allows the 
endoscope to be easily maneuvered without interrupting 
the traction. Ohata et al[37] reported ESD using a biopsy 
forceps, which is straight when closed and curved when 
opened. It was inserted a long straw tube which was 
mounted on an overtube, and the edge of  the targeted 
lesion was grasped and lift up. Teoh et al[38] reported on 

lorus or cardia, where space is limited, and control of  the 
traction power is sometimes difficult.

Double-channel-scope method
A pair of  grasping forceps inserted into a channel of  a 
double-channel scope can create traction during ESD. 
Ishigooka et al[28] reported on endoscopic resection 
with injection of  hypertonic saline epinephrine using 
a double-channel scope (S-ERHSE). Yonezawa et al[29] 
reported on ESD using an R-scope, which has two mov-
able instrument channels: one moves a pair of  grasping 
forceps vertically for lesions with traction and the other 
swings a cutting knife horizontally for dissection (Figure 
7). Neuhaus et al[30] and Lee et al[31] also reported on this 
method using the R-scope, which facilitated ESD of  
large gastric areas. Even though the concept was good, 
the endoscope required a significant learning period to 
enable proficiency in its use. The forceps moves syn-
chronously with the scope, therefore, it is sometimes 
difficult to control the traction direction. Hijikata et al[32] 
reported on ESD using the outer sheath of  an injection 
needle. The bottom of  the dissected mucosal layer is 
pushed and lifted up using the injection sheath through 
one channel to reveal the submucosal layer and en-
sure adequate traction, and submucosal dissection was 
conducted by an IT-knife through the other channel. 
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Figure 2  Clip-with-line method. A: Submucosal side of the target lesion in the esophagus was grasped using clip tied to long silk line; B: When the line was pulled 
very gently, submucosal layer was elevated; C: Lesion was dissected en bloc.

Figure 3  Schema of pulley method. The first clip with the line can be pulled 
to the anal side with the second clip, which is fixed at the opposite side.

Figure 4  Schema of Percutaneous-traction method. A small snare is intro-
duced into the gastric lumen through a gastric port to grasp and pull the lesions.

Imaeda H et al . ESD with traction



ESD using the Endolifter®, which consists of  a retract-
able grasping forceps attached to a transparent cap by a 
hinge that allows simultaneous grasping, retracting, and 
lifting of  the mucosa. However, these methods reduce 
the sideway movements of  the endoscope due to retrac-
tion at a fixed point by the forceps, this in turn limits 
the maneuverability of  the endoscope. The visual field is 
limited due to masking of  the dissected part of  the mu-
cosa for large lesions.

Double-scope method
Since Hirao et al[10] reported on an EMR procedure us-
ing double endoscopes; several methods using a second 
thin endoscope have also been reported. The traction 
direction can be controlled easily with the double-
scope method (Figure 9). However, the second scope 
sometimes limits the maneuverability of  the main 
scope because of  their combined diameter. Moreover, 
this method requires two light sources and more than 
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Figure 5  Endoscopic submucosal dissection using external forceps. A: External grasping was anchored at distal margin of lesion in the lesser curvature of the 
antrum under control of endoscope and second grasping forceps; B: With gentle oral traction applied with external grasping forceps, submucosal layer was dissected 
in retroversion from aboral side. 

BA

Figure 6  Schema of Internal traction method. A: The second clip is attached at the opposite sides of the lesions; B: The second clip is attached at the opposite 
sides of the stomach.

BA

Figure 7  Endoscopic submucosal dissection using double-channel R-scope. A: R-scope has two movable instrument channels: one moves grasping forceps 
vertically for lesion with traction and other swings cutting knife horizontally for dissection; B Cutting knife was horizontally swung.

BA
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two endoscopists and two assistants. Morita et al[39] de-
scribed a double-endoscope method, which requires 
two light sources and a specially designed overtube 
with two channels to prevent interaction between two 
endoscopes. However, the overtube is thicker than the 
usual one. Higuchi et al[40] reported on another method 
without an overtube, which requires only one light 
source that can be transferred between two endoscopes, 
eliminating the problem of  optical interference. After 
circumferential incision, the main scope is left in the 
stomach, and the light source is removed and attached 
to the thin endoscope. The thin endoscope is inserted 
along the main endoscope, and the lesion is grasped 
along its margin using grasping forceps. Thereafter, the 
light source is removed from the thin endoscope and 
reattached to the main endoscope, and submucosal dis-
section is done. However, the disadvantage is the same 
as the double scope method except for only requiring 
one light source. A thin trans-nasal endoscope-assisted 
ESD has been reported by Ahn et al[41]. This method has 
disadvantages, including nasal bleeding due to trans-na-
sal access, invasion due to double endoscopes, need for 
two endoscopists, and temporary hindrance of  move-
ment between endoscopes. 

Robot-assisted method
Ho et al[42], Wang et al[43], and Phee et al[44] reported on 
ESD using a Master and slave trans-luminal endoscopic 
robot (MASTER). The MASTER consists of  three ma-
jor components: a master robotic controller, a telesurgi-
cal workstation, and a slave manipulator. The system is 
designed to work with a therapeutic endoscope with two 
operating channels. The master controller is the human-
machine interface that controls the slave manipulator, a 
unilateral electromechanical device that responds to the 
operator’s input and drives the end-effectors, grasper, 
and monopolar electrocautery hook. This method is 
similar to laparoscopic surgery. However, the disadvan-
tage of  the MASTER is its more complicated configura-
tion with fixed instruments. If  massive bleeding from a 
resected site occurs, it is necessary to change the thera-
peutic endoscope to a conventional endoscope to con-
duct hemostasis using hemoclips or hemostatic forceps.

ESD WITH TRACTION IN COLON AND 
RECTUM
ESD using traction for lesions on the colon and rectum 

is similar to that for lesions on the UGI tract. However, 
the lumen in the colon and rectum is narrow and bend-
ing. Moreover, for lesions in the proximal colon, reinser-
tion after retrieval of  the endoscope is more time-con-
suming in some methods compared to that for lesions in 
the UGI tract. Therefore, lesions in only the rectum or 
sigmoid colon are indicated in some methods.  

Sinker-assisted method
Saito et al[45] reported on sinker-assisted ESD for colorec-
tal cancer. The sinker system is composed of  a metallic 
clip attached to a 1-g sinker by a short nylon line. The 
metallic clip is attached to a target site at the edge of  the 
exfoliated mucosa. The traction direction is controlled 
using gravity by changing the position of  the body. A 
limitation of  this method is the necessity of  retrieving 
the scope to set up the sinker system. 

External forceps method
Imaeda et al[46] reported on ESD using external biopsy 
forceps that are bendable (Figure 10). This procedure 
is similar to ESD using external grasping forceps for 
EGC[21,22]. The external bendable forceps was introduced 
with the help of  the grasping forceps. After the external 
forceps was anchored at the anal margin of  the lesion, 
with bending and gentle anal traction applied with the 
forceps, the lesion was elevated. However, it is used only 
for rectal cancers because of  the difficulty in inserting 
and controlling the forceps in the colon.

Internal traction method
Sakamoto et al[47,48] reported on ESD using a S-O clip 
(Sakamoto and Osada clip). The S-O clip consists of  a 
metal clip attached to the end of  a spring or a rubber 
strip, its other end of  which a double nylon loop is con-
nected to. A spring S-O clip is attached to the edge of  
the exfoliated mucosa and a regular clip is used to grasp 
the distal nylon loop and applied to the colon wall oppo-
site the lesion. Osada et al[49] also reported on ESD using 
a loop-attached rubber band, which consists of  a circu-
lar rubber band connected to many nylon loops. Tomiki 
et al[50] reported on ESD using latex band traction. These 
methods are easy, safe, and noninvasive, and the instru-
ment can be used at any location.  

Outerroute method
Okamoto et al[51] reported on ESD using a clip with 
a nylon suture through a thin tube. This procedure is 
similar to ESD using a clip with a nylon suture through 
a thin tube for EGC[35]. However, this method needs a 
single balloon overtube, which enables the endoscope 
to be retrieved and inserted to set up the devices. The 
forceps moves synchronously with the endoscope and 
the distance between forceps and knife is not sufficient, 
therefore, this method limits the maneuverability of  the 
endoscope. The visual field is limited due to masking of  
the dissected part of  the mucosa for large lesions.
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Figure 8  Schema of outerroute method.
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Double-scope method
Uraoka et al[52,53] reported on a double-scope method for 
large colorectal tumors. An endoclip is attached to the 
edge at the exfoliated mucosa, a second thin endoscope 
is then inserted into the lumen followed by removal of  
the primary endoscope. A snare is used to grasp the po-
sitioned endoclip and pull the lesion away from the mus-
cle layer. Once again, the primary endoscope is inserted 
to the location of  the lesion. However, this method is 
limited to the rectum and rectosigmoid colon because of  
the difficulty in intubating the second endoscope to the 
oral side of  the distal sigmoid colon. It requires a second 
endoscopist to operate the traction system. It also may 
be difficult for treating larger lesions, like the circumfer-
ential ones because of  insufficient space to maintain the 
necessary cutting line view provided by the traction sys-
tem. Fusaroli et al[54] reported on a double-scope method 
using a prototype blind multi-bending thin probe with a 
working channel of  2.8 mm. It is much cheaper (when 
on the market) and more resistant to shear stress than a 
pediatric scope. However, it is limited to treating lesion 
on the rectum or sigmoid colon. Two endoscopists and 
three nurses (one for care of  the patient, one for han-
dling accessories for main endoscope and one for han-
dling accessories for the second endoscope) are required. 

Endoscopic surgical platform
Diana et al[55] reported on ESD using an endoscopic 
surgical platform, the Anubiscope®, equipped with two 
working channels for surgical instruments with four 
degrees of  freedom offering surgical triangulation and 
ESD using a robotic version of  the Anubiscope®. How-
ever, it is limited to treating lesion on the rectum, and 
is a more complicated configuration with fixed instru-
ments.

PERSPECTIVES FOR FUTURE
Although many kinds of  ESD methods with traction 
have been reported, each method has not only some 
advantages but also the other disadvantages. Some meth-
ods require retrieving the scope to set up devices, others 
are limited to lesions in certain areas, directions and ten-
sion of  traction, and still others are somewhat compli-
cated and invasive. If  each knife or a grasping forceps 
be moved independently, as in surgery, and the direction 
and tension of  traction can be controlled at will, ESD 
with traction might become easier and more flexible. A 
grasping forceps with flexible bending function, which 
is thinner than an ultrathin endoscope, may make ESD 
with traction easier.
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Figure 9  Endoscopic submucosal dissection using double-endoscopes. A: Lesion was grasped and lifted using grasping forceps through thin endoscope; B 
Submucosal dissection was done using needle knife through main scope.

BA

Figure 10  Endoscopic submucosal dissection using external forceps. A: Bendable biopsy forceps; B: Bending forceps and traction applied using forceps el-
evated lesion and widened submucosal layer. 
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If  robotic endoscopy, which enables ESD with trac-
tion, advances in technology in the near future, it may 
make ESD easier, may approach to the lesions in any 
area regardless of  gastric movement due to respiration, 
and may also enable endoscopic hemostasis.  

CONCLUSION
Simple and flexible methods with traction can make 
ESD easier and safer. In the near future, simple, nonin-
vasive, and effective ESD with traction is expected to be 
developed and become established as a standard treat-
ment for superficial gastrointestinal neoplasias world-
wide.
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