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Abstract

Endoscopic submucosal dissection (ESD) is efficient for
en bloc resection of large colorectal tumors. However, it
has several technical difficulties, because the wall of the
colon is thin and due to the winding nature of the colon.
The main complications of ESD comprise postoperative
perforation and hemorrhage, similar to endoscopic mu-
cosal resection (EMR). In particular, the rate of perfora-
tion in ESD is higher than that in EMR. Perforation of the
colon can cause fatal peritonitis. Endoscopic clipping is
reported to be an efficient therapy for perforation. Most
cases with perforation are treated conservatively without
urgent surgical intervention. However, the rate of post-
operative hemorrhage in ESD is similar to that in EMR.
Endoscopic therapy including endoscopic clipping is per-
formed and most of the cases are treated conservatively
without blood transfusion. In blood examination, some
degree of inflammation is detected after ESD. For the
standardization of ESD, it is most important to decrease
the rate of perforation. Adopting a safe strategy for ESD
and a suitable choice of knife are both important ways
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of preventing perforation. Moreover, appropriate training
and increasing experience can improve the endoscopic
technique and can decrease the rate of perforation.
In this review, we describe safe procedures in ESD to
prevent complications, the complications of ESD and
their management.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Endoscopic mucosal resection (EMR) has been generally
performed for colorectal tumors worldwide, including Ja-
pan. It is difficult to perform en bloc resection by EMR for
a colorectal tumor whose size is larger than 20 mm'”,
The rate of en bloc resection by EMR for tumors with
a diameter of more than 20 mm was reported to be
approximately 30%™7. Piecemeal EMR enables us to
remove large colorectal tumors. However, colorectal can-
cer has a high rate of local recurrence””. Moreover, pre-
cise histopathological diagnosis is difficult when using
separate resected specimens of piecemeal EMR, Thus,
laparoscopic-assisted colectomy (LAC) has been re-
garded as a standard therapy for large colorectal tumors
throughout the world”. However, LAC is more invasive
than endoscopic treatment. Endoscopic submucosal
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dissection (ESD) has a high rate of e bloc resection for
large colorectal tumors, and it is less invasive than LAC.
The rate of en bloc resection for large colorectal tumors
has been reported to be 84.0%-98.9%"". However, the
procedure has not been standardized because of its as-
sociated technical difficulties. The colon is winding in
nature, and the colonic wall is thinner than the gastric
wall. Moreover, there are many folds in the colorectum.
Therefore, the rate of perforation in ESD is reported
to be higher than that in EMR. A safe strategy, suitable
knife, and adoption of other equipment are necessary
while performing ESD in order to prevent its associated
complications, including perforation.

In Japan, a special working group consisting of
experts in ESD suggested specific indications for ESD™.
Briefly, ESD is suitable for a tumor when it is difficult
to use a snare EMR for ez bloc resection. ESD should be
petformed for tumors that are diagnosed as carcinomas
with intramucosal to shallow submucosal invasion. Motre-
over, ESD is performed for lesions with submucosal
fibrosis that cannot be removed by conventional EMR
even if the size of the lesion is less than 20 mm. However,
tumors in a location where the endoscope will not be able
to be operated smoothly should not be removed by ESD.

METHOD OF SAFE ESD

Preparation and equipment

ESD is performed using a general lower gastrointesti-
nal endoscope with a single channel. In our institution,
EC 590 MP (Fuji Film Medical, Tokyo, Japan) or PCF
Q260AI (Olympus Medical Systems Co., Tokyo, Japan)
are used. ESD requires a high-frequency generator with
an automatically controlled system. In our institution,
VIO300D or ICC200 (Erbe Elektromedizin Ltd., Tubin-
gen, Germany) are used. An upper gastrointestinal endo-
scope is adopted in some institutions because it is slim and
can be used in the retroflexed position“ol. A transparent
short hood (Olympus Medical Systems Co., Tokyo, Japan)
is fitted at the tip of the endoscope. A mixture of 1% hy-
aluronic acid solution (Mucoup; Johnson & Johnson K.IK,,
Tokyo, Japan) and 10% glycerin solution (Glyceol; Chugai
Pharmaceutical Co., Tokyo, Japan) is used as the injection
liquid to induce a higher elevation of the submucosa and
to lengthen the duration of the continuous elevation of
the submucosa'®"”,

Before ESD, residual feces and liquid are removed
from the entire colon even if the tumor is located at the
rectum. The ESD procedure should be abandoned if
the residual feces can not be removed enough. Residual
feces prevent smooth submucosal dissection. Moreover,
it is essential to remove residual feces in order to prevent
the outflow of feces into the abdomen in the case of
perforation.

Vatious knives ate used in ESD for colorectal tumors
(Figure 1A-F). Among the obtuse short-tipped types are
the Flush knife (Fujifilm Medical, Tokyo, Japan), Dual
knife (Olympus Medical Systems Co., Tokyo, Japan),
B-knife (Zeon Medical, Tokyo, Japan), and Splash needle
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(Pentax Co., Tokyo, Japan)[g’ls’zo]. The Flush knife and
Splash needle are capable of injecting substances into the
submucosa. They enable us to omit switching between
the knife and the injection needle"™". A Dual knife has
a ball disk at the tip of the knife, enabling us to hook the
submucosa. The B-knife and Flush knife both have a new
type of ball tip. The insulated tipped (IT) knife (Olympus
Medical Systems Co., Tokyo, Japan), whose efficacy has
been reported to be satisfactory in ESD for gastric tu-
mors, is used in certain institutions™, Speedy dissection
can be performed with the IT knife, but it may cause large
perforations due to its long blade. A Hook knife (Olympus
Medical Systems Co., Tokyo, Japan) is used particularly
when the dissection of the submucosa is difficult due to
poor elevation of the submucosa'?. The B-knife is the
only bipolar knife; burning of the muscularis propria layer
is considered to be less with this knife than with other
monopolar knives. A grasping-type scissor forceps has
been reported as an original knife™. In our institution,
the Flush knife is mainly used because it can be effectively
used to administer local injections, while the Hook knife is
used when the risk of perforation is high due to the poor

elevation of the submucosa .

Mucosal incision (initial complete circumferential
incision and partial circumferential incision)

The border of the tumor is observed carefully by applying
indigo carmine dye. It is generally unnecessary to make
placement of borders by coagulation because in the major-
ity of cases, the borders of the tumor are cleatly visible.
Injection into the submucosa for its elevation is performed
with a 23-25 gauge needle (TOP Co., Tokyo, Japan) after
observation of the border of the tumor. Then, 2 mucosal
incision is taken. An initial complete circumferential inci-
sion or a partial circumferential incision is made according
to the institution’s procedure and the lesion’s characteris-
tics, as reported previously (Figure 2A and B)™". In initial
complete circumferential incision, injection of hyaluronic
acid solution into the submucosa is performed from the
oral edge of the tumor. A mucosal incision is made after
adequate elevation of the submucosa is obtained. Simul-
taneously, an incision up to the deep submucosa is made.
Then the solution is injected into the anal edge of the tu-
mor and the mucosal incision is made. Thus, a mucosal in-
cision is made all around the tumor. On the other hand, in
partial circumferential incision, the anal side of the tumor
is the first to be incised after the injection of hyaluronic
acid solution for submucosal elevation. Both types of mu-
cosal incisions are performed with the endocut mode (e.g;
Output 40W] effect 2 in ICC200; or endocut I, effect 2,
duration 2, interval 1 in VIO300D). However, each inci-
sion has its own merits and demerits.

In initial complete circumferential incision, leakage of
injection fluid can easily occut following which submuco-
sal elevation cannot be obtained. Moreover, injection of
the fluid into the oral side of the tumor causes the posi-
tion of the tumor to be perpendicular to the endoscope
(Figure 3A and B). This makes submucosal dissection dif-
ficult. In addition, the uncut residual mucosa on the oral
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Figure 1 Various knives used in endoscopic submucosal dissection (ESD) for colorectal tumors. A: Flush knife; B: Flush knife with ball tip; C: Dual knife; D:
B-knife with ball tip; E: Hook knife; F: Insulated tipped (IT) knife.

Figure 2 Mucosal incision. A: Par-
tial circumferential incision; B: Initial
\ complete circumferential incision.

Figure 3 A case of the tumor per-
pendicular to the endoscope. A:
Colonic tumor, 0-ITa 20 mm in the
ascending colon; B: The position
of the tumor became vertical with
respect to the endoscope following
injection into the proximal side.

Figure 4 Another case of the
tumor perpendicular to the endo-
scope. A: Residual mucosa on the
oral side pulled the tumor upward;
B: The substance caused by the
residual mucosa was lost during full
mucosal resection, and the position
of the tumor became vertical with

respect to the endoscope.
side pulls the tumor upward (Figure 4A); however, this tors are experienced frequently in tumors whose size is
substance caused by the residual mucosa is lost in initial less than 50 mm. In partial circumferential incision, higher
complete circumferential incision, and the tumor becomes elevation of the submucosa can be maintained because
perpendicular to the endoscope (Figure 4B). These fac- the uncut residual mucosa on the oral side of the tumor
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prevents the leakage of injected fluid. However, in partial
circumferential mucosal incision, it is sometimes difficult
to resect the residual mucosa on the oral side owing to the
presence of the partially resected tumor. Thus, each type
of mucosal incision has its own merits and demerits; the
type of incision to be used should be decided according
to the tumor size, location of the tumor, and types of
knives being used. In our institution, partial circumferen-
tial incision is performed for tumors measuring less than
50 mm or for which fluid injection into the tumot’s oral
side would likely negatively influence the position of the
tumor.

Dissection of the submucosa below the tumor

After mucosal and submucosal incisions are made around
the tumor, the submucosa below the tumor is dissected
from the anal side of the tumor. Dissection of the sub-
mucosa is performed using the Endocut (e.g. Output
40W, effect 2 in ICC200; endocut I, effect 2, duration
2, interval 1 in VIO300D) or the coagulation mode (e.g
Forced coagulation, Output 40W in ICC200 or Forced co-
agulation, Output 40W, effect 3 in VIO300D). To achieve
submucosal elevation, the glycerin solution or the mixture
of hyaluronic acid solution and glycerin solution is in-
jected with the injection needle or knife with the function
of injection, as appropriate. Then continuing to dissect
with prevention of perforation and hemorrhage, en bloc
resection of the tumor is performed.

COMPLICATIONS

Perforation

Perforation following ESD for colorectal tumors can
be fatal because peritonitis caused by colorectal bacteria
and feces is known to be more severe than peritonitis
occurring after gastric perforation.

The rate of perforation has been reported to be
1.4%-10.4% (Table 1). In our experience with perfora-
tions, there were no statistical differences regarding the
location of the tumor, ie. in the colon or in the rectum'™.
Another report has revealed that perforation is associated
with large tumor size (> 30 mm) and the presence of fi-
brosis'". The rate of perforation of ESD is dramatically
high when compared with that observed for EMR".
One of the reasons for the high rate of perforations is the
thinness of the colorectal wall as compared to the gastric
wall. Knife coagulation is the most common cause of per-
foration™. The paradoxical movement of the endoscope
during ESD due to the winding nature of the colorectum
causes coagulation in the muscularis propria. A longer op-
eration time increases the amount of air in the abdomen,
causing greater paradoxical movement of the endoscope.
This situation is experienced specifically in tumors located
in the cecum up to the descending colon. Obtuse short-
tipped knives such as the Dual knife and the Flush knife
can easily cause this type of perforation. In contrast, it is
difficult to cause perforations while using the Hook knife
because it enables us to hook and separate the submucosa
from the muscularis propria and thereby cut safely. Rare
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Author Country n Perforation Postoperative
rate (%) hemorrhage rate (%)
Fujishiro et al’  Japan 200 10.4 1.0
Hurlstone et al™ UK 42 23 23
Tanaka et al®® Japan 70 10.0 14
Tamegai et al! Japan 71 14 0.0
Toyonaga et al™  Japan 468 15 15
Yoshida et al™ Japan 119 75 16
Zhou et ™! China 74 8.1 13
Takeuchi et al™  Japan 50 2.0 12.0'
Isomoto et al™”! Japan 292 8.2 0.7

'This study included mild hemorrhage cases which did not need endoscopic
treatment. ESD: Endoscopic submucosal dissection.

reasons for perforation include resection by using a snare,
coagulation by special hemostat forceps with soft coagula-
tion, and endoscopic clipping onto coagulated submuco-
sa™. Further, endoscopic clipping is also performed when
perforation is detected. Multiple endoscopic clipping is
performed to close the petforation depending upon its
size. Small perforations can be closed by endoscopic clip-
ping™*. Tf abdominal distention due to air leakage is
severe, decompression of the pneumoperitonium must
be performed using a 20-gauge puncture needle!”. The
majority of cases with perforation are treated conserva-
tively without emergency surgery. Recently, it has been
shown that large petforations can be closed using a new
closure device consisting of a clip with loop™. On the
other hand, there atre cases in which perforation is not de-
tected by endoscopy, but free air is detected by computed
tomography (CT). The possible reasons for this are that
small perforations cannot be detected during ESD or that
very small perforations may occur during deep injection
by the injection needle. However, these cases are genet-
ally not clinically setious because they can be successfully
treated by withholding oral intake; no abdominal pain is
typically detected after ESD.

Severe abdominal tympanic fullness, emphysema, and
severe abdominal pain are possible symptoms of perfo-
ration. A high index of suspicion should be maintained
when these symptoms ate observed; moreover, the pa-
tient, nurse and physician should all watch out for these
symptoms.

On the other hand, delayed petforation has been re-
ported as a serious complication after ESD". The rate
of delayed perforation is reported to be 0.3%-0.7%"""*",
The reasons for delayed perforation are unknown, but it
is reported to be related to excessive coagulation in the
muscularis propria. It has been reported that delayed
perforations are typically large in size and require treat-
ment by emergency surgery' ",

The rate of perforation is reported to be decreased
with the increased experience of the endoscopist™”. Tt is
important to actively prevent perforations when the endo-
scopist does not have much experience with ESD. The
indication of ESD according to endoscopist’s skill, appro-
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priate strategy of ESD and the choice of a suitable knife

. . . . . 8
in each case is important in preventing perforatlons[ 1

Hemorrhage during ESD and postoperative hemorrhage
To prevent hemorrhage during ESD, when a vessel less
than 2 mm in diameter is detected in the submucosa it is
cut with a knife in the coagulation mode (e.g. Forced co-
agulation, Output 40W in ICC or Forced coagulation Out-
put 40W, effect 3 in VIO300D). When a vessel more than
2 mm in diameter is detected, special hemostat forceps
(e.g Coagrasper; FD-410LR, Olympus Optical Co, Tokyo,
Japan) are used in the soft coagulation mode (e.g. Output
50W in ICC; Output 60W, effect 5 in VIO300D) to pre-
vent hemorrhage during ESD"?. These forceps can be ro-
tated and they are used to gently catch and lift the vessels
upward from the muscularis propria. In our institution,
a unique use of the hemostat forceps has been adopted
for resecting vessels. In brief, a vessel is coagulated using
hemostatic forceps in the soft coagulation mode and then
resected with the forceps in the endocut mode. Moreover,
the coagulated submucosa surrounding the vessel is also
resected with the forceps. Removing the coagulated vessel
and the surrounding submucosa ensure that the subse-
quent submucosal dissection is safer and easier than oth-
erwise (Figure 5A-D). When massive bleeding that can-
not be stopped by the knife occurs during ESD, special
hemostat forceps are used in the soft coagulation mode as
described above. Endoscopic clipping is performed when
bleeding cannot be controlled with the special forceps.
The rate of postoperative hemortrhage in ESD is re-
ported to be 0%-12.0% (Table 1™ This rate is compara-
ble to that reported for EMR". A study has reported the
rate of postoperative hemorrhage to be 12.0%, including
mild cases'”. Most cases of postoperative hemorrhage are
treated only by endoscopic clipping and withholding oral
intake without emergency surgery or blood transfusion.

Restlessness

Severe restlessness of the patient owing to abdominal
fullness and pain have rendered submucosal dissection
impossible in some cases. Conscious sedation is effec-
tive for some patients for the prevention of restlessness.
Carbon dioxide insufflations have been reported to be
effective for the prevention of abdominal fullness™. In
our institution, conscious sedation is performed with
midazolam (Dormicum; Astellas Pharma Inc., Tokyo,
Japan) and pentazocine (Pentajin; Daiichi Sankyo Co.,
Tokyo, Japan) with monitoring using an automatic blood
pressure monitor. In our ESD study that included 105
cases, there were 22 patients for whom the operation
time exceeded 2.5 h, and patient restlessness occurred
in 15 out of these 22 cases (68.1%) despite conscious
sedation. In contrast, in cases with an operation time less
than 2.5 h, patient restlessness occurred in only 10 out
of 83 cases (12.0%). Thus, restlessness due to abdominal
fullness and pain occurs frequently in cases with an op-
eration time exceeding 2.5 h. Therefore, according to our
experience, ESD is indicated when the operation time
is expected to be less than 2.5 h. On the other hand,
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the use of propofol for conscious sedation extends the
possibility of longer operation times than 2.5 h without
causing restlessness and discomfort"”. However, this
drug requires further examination before its standard-
1zed use in ESD procedures.

Other complications

Inflammation has been reported to a certain degree in
some cases. In our previous report, the mean amount of
C-reactive protein 2 d after ESD was 5.82 + 12.10 mg/L
in cases with perforation and 1.27 + 2.00 mg/L in cases
without perforation[zg]. Fever and abdominal pain were
also reported without perforation. A rare complication
was acute colon obstruction after ESD of a colonic tu-

mor located at the cecal base™.

CASE PRESENTATION

We present here the case of a 71-year-old male with a tu-
mor graded 0- I a, measuring 20 mm, and located in the
ascending colon (Figure 6A). The surface of the tumor
was slightly depressed and the deformity of the colonic
wall was detected with indigo carmine dye. Magnifying
endoscopy revealed a Vi pit patternp”. The tumor was
diagnosed as catly colonic cancer with invasion up to the
mucosa, and ESD was performed. Injection was first per-
formed from the anal side of the tumor. However, the ele-
vation of the tumor by injection was poor on the oral side
of the tumor (Figure 6B). Therefore, either severe fibrosis
or submucosal invasion was suspected. A mucosal inci-
sion was made and submucosal dissection was performed
below the tumor using a Flush knife from the anal side of
the tumor (Figure 6C). After that, a mucosal incision was
made on the oral side of the tumor. Severe fibrosis was
detected at the oral side of the tumor (Figure 6D). Then
submucosal dissection was then performed with a Hook
knife. However, owing to a thin submucosa, perforation
was caused while hooking the submucosa (Figure 6E).
Endoscopic clipping was performed minimally as the
clipping did not prevent resection of the tumor, and the
tumor was immediately resected using a snare. Then sev-
eral endoscopic clippings were performed (Figure 6G).
A small amount of free air was detected by abdominal
CT after ESD. The patient had neither abdominal pain
nor severe inflammation following surgery and was dis-
charged 5 d after ESD. The resected specimen was fixed
and the tumor was diagnosed by histopathological exam-
ination as early colonic cancer. The macroscopic tumor
type was O-Ila and the tumor was 20 mm in diameter.
Invasion of the tumor was limited to the mucosa. Lym-
phatic and venous invasion was not detected. Lateral and
vertical margins of the tumor were histopathologically
free of the tumor (Figure GF).

THE STANDARDIZATION OF ESD FOR
COLORECTAL TUMORS

ESD is a feasible endoscopic treatment because of its
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Figure 5 A unique use of
hemostat forceps. A: Thick
vessels were detected in the
submucosa; B: The vessels
were grasped by the hemostat
forceps; C: The vessels and
surrounding submucosa were
coagulated and became whi-
tish. The view of the submu-
cosa was obscured; D: The
coagulated vessels and sub-
mucosa were resected using
the hemostat forceps, following
which the view was restored.

Figure 6 A case with perforation. A: The tumor in this patient was graded 0-I1 a, measured 20 mm, and was located in the ascending colon. The surface of the tumor
was slightly depressed and the deformity of the colonic wall was detected with indigo carmine dye; B: Injection was performed on the anal side of the tumor. However, the
elevation of the tumor following the injection was poor on the oral side of the tumor; C: Mucosal incision and submucosal dissection below the tumor were performed with
the Flush knife from the anal side of the tumor; D: Mucosal incision on the oral side of the tumor was performed. Severe fibrosis was detected on the oral side of the tumor; E:
Submucosal dissection was then performed with the Hook knife. However, owing to the thin submucosa, perforation occurred during hooking; F: Endoscopic clipping was
performed minimally as clipping did not prevent the resection of the tumor; G: Several endoscopic clippings were performed after resection of the tumor; H: The resected
specimen was fixed and the tumor was diagnosed by histopathological examination as early colonic cancer. The tumor was 20 mm in diameter. Tumor invasion was limited
to the mucosa. Lateral and vertical margins of the tumor were histopathologically free of the tumor.

high rate of en bloc resection for large colorectal tu- creased experience in the procedure can, however, solve
mors. Hospitalization after ESD is less than that after these problemslg’gl.

LAC®”". However, ESD has disadvantages, with longer Visits to other institutions with ESD experts and ob-
operation times and the possibility of perforarionm]. In- servation of such experts at work is an important compo-
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nent of training in performing ESD procedures. Adequate
practice at performing ESD may be obtained by using ani-
mal models. Systematic training systems for use of ESD
in colorectal tumors are essential for the prevention of
petforation and long procedure times. Acquiring experi-
ence in gastric ESD prior to attempting colorectal ESD is
reported to be a safer way to prevent perforation®. In our
institution, EMR with circumferential mucosal incision
has been used as training for ESD'™. Moreover, better de-
vices that are particularly suitable for ESD, such as knives,
endoscopes, and other new equipment, need to be de-
signed for shortening the operation times and to prevent
perforation” . The indication of ESD should be decid-
ed according to the technique of the endoscopists in each
institution. ESD for colorectal tumors is now improving,
and a standardized method is expected to be developed
in the near future. However, it is extremely important to
diagnose the colorectal tumor correctly with suitable mo-
dalities, such as magnifying endoscopy; further, based on
the diagnosis, the most appropriate methods of therapy
should be considered, such as ESD, piecemeal EMR, and
LAC.

CONCLUSION

In this review, we have assessed technical aspects and
complications of ESD for colorectal tumors. For the stan-
dardization of ESD, it is most important to decrease the
rate of perforation. Adopting a safe strategy of ESD and
a suitable choice of knife are both efficient in the preven-
tion of perforation. Moreover, appropriate training and
increasing expetience can improve the endoscopic tech-
nique and decrease the rate of perforation. We hope that
standardization of ESD will be established in the near
future, and that ESD will be performed in US and Europe
where ESD is not widely adopted.
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