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Abstract

Background Large superficial neoplasias of the ileocecal
region pose an increased degree of complexity for endo-
scopic resection. This study aimed to evaluate the safety
and efficacy of endoscopic submucosal dissection (ESD)
for large superficial colorectal neoplasias including ileo-
cecal lesions.

Methods A total of 33 superficial colorectal neoplasias,
including eight neoplasias in the ileocecal region, were
treated with ESD from December 2005 to April 2009.
Therapeutic efficacy, complications, and follow-up results
were retrospectively evaluated among three groups: ileo-
cecal region, colon, and rectum.

Results The mean size of all resected neoplasias was
35 4+ 15 mm (range, 20-80 mm) and that of all resected
specimens was 41 £ 15 mm (range, 23-82 mm). The
mean procedural time was 121 £ 90 min (range, 22—
420 min). The difference in mean values among the three
groups was not significant. The overall rate of en bloc
resection was 91% (30/33). Histopathologically, both the
lateral and vertical margins in the specimens resected en
bloc tested negative (30/30). The rate for en bloc resection
in the ileocecal region did not differ significantly from that
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for the other two groups (p = 0.20 compared with the rate
for the colon and p = 0.12 compared with the rate for
the rectum). Complications such as perforation and
postoperative bleeding did not occur in the ileocecal
group. No recurrence was observed in any cases during
the mean follow-up period of 20 £ 12 months (range,
4-44 months).

Conclusions The ESD approach is safe and effective for
treating large superficial neoplasias of the ileocecal region
such as other colorectal neoplasias.
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Early-stage gastrointestinal neoplasias show a low fre-
quency of the lymph node and distant metastasis, which
allows for less invasive treatments. Recently, endoscopic
submucosal dissection (ESD) has been applied to colo-
rectal neoplasias because it provides a higher en bloc
resection rate and is less invasive than surgical resection,
although this technique has disadvantages such as a longer
operative time and a higher complication rate [1-4]. When
an ileocecal segment is removed, alterations in the
absorption processes sometimes impair vitamin B12
metabolism as well as fat and bile salt absorption, which
can cause chronic diarrhea [5-8].

It is recognized that large superficial neoplasias of the
ileocecal transition pose an increased degree of complexity
for endoscopic resection, and surgical treatment is some-
times required in the case of incomplete resection. The
safety and efficacy of this new technique for neoplasias
located in the ileocecal region that enables preservation of
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the ileocecal segment have not been investigated ade-
quately. This study aimed to evaluate the safety and effi-
cacy of ESD for large superficial neoplasias in the ileocecal
region.

Patients and methods

A total of 33 superficial colorectal neoplasias including
eight neoplasias in the ileocecal region of 33 patients were
treated with ESD at St. Luke’s International Hospital in
Tokyo from December 2005 to April 2009. All these
lesions were preoperatively evaluated with high-magnify-
ing colonoscopes (CF-H260ZI or PCF-Q240ZI; Olympus,
Optical Co, Ltd., Tokyo, Japan) after 0.4% indigo carmine
dye or 0.05% crystal violet had been sprayed over the
neoplasias to enhance their surface details.

The indications for ESD were a superficial large lesion
(diameter, >20 mm); lesions with a IIIs, IIIL, IV, or VI pit
pattern and no VN pit pattern seen via a high-magnifying
colonoscope in the deep submucosal invasion cases
according to Kudo’s classification [9-11]; no lymph node
involvement or distant metastasis observed on computed
tomography; and no deep submucosal invasion observed by
endosonography with a 20-MHz through-the-scope endo-
scopic ultrasound catheter probe (UM3R; Olympus Optical
Co. Ltd.).

The locations of the neoplasias were divided into three
groups: the ileocecal region (cecum and ileocecal junc-
tion), the colon (ascending colon, transverse colon,
descending colon, and sigmoid colon), and the rectum.
Based on preoperative endoscopic findings, all colorectal
neoplasias treated with ESD were classified into the fol-
lowing types: pedunculated type (0-Ip), sessile type (0-Is),
slightly elevated type (0-Ila), completely flat type (0-1Ib),
slightly depressed type without ulcer (0-IIc), and combined
type according to the Paris endoscopic classification [12].
The semipedunculated type (0-Isp) lesions were managed
as sessile type (0-Is) lesions. Use of this treatment was
approved by the ethics committee of our hospital, and
written informed consent was obtained from all patients.

ESD methods

First, 50 mg of pethidine hydrochloride was administered
in all cases. Second, 1 mg of midazolam was given addi-
tionally based on the endoscopist’s judgment. During ESD
treatment, blood pressure, oxygen saturation (SpO,), and
electrocardiogram (ECG) were monitored, and 1-3 1/min
of oxygen was given using a nasal cannula.

The ESD technique, a novel procedure for dissecting the
submucosal layer directly using specialized devices, allows
en bloc resection [1-4, 13-16]. After routine bowel
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preparation with a polyethylene-glycol solution, ESD was
performed with a single-accessory-channel endoscope
(GIF-Q260J or PCF-2401I; Olympus Optical Co, Ltd.) by
one endoscopist who had treated more than 100 gastric
neoplasias using the ESD technique. An electrosurgical
current generator (ICC200, used from December 2005 to
March 2006, or VIO300D, used from April 2006 to April
2009; ERBE, Tubimugen, Germany) was used for ESD
treatment.

Because the margin of the lesions could be identified
clearly with 0.4% indigo carmine dye spraying, marking
dots for mucosal incision were not needed in all cases
(Fig. 1). A small-caliber-tip transparent hood (DH-15GR,
DH-15CR; Fujinon-Toshiba, Saitama, Japan) was fitted
onto the tip of the endoscope to control the depth of the
mucosal incision and to maintain a satisfactory view during
the submucosal dissection [1]. From December 2005 to
September 2007, 0.5% sodium hyaluronate solution com-
prising a mixture of 1.0% sodium hyaluronate (Artz 1%,
average molecular weight 800,000 daltons; derivative type,
rooster comb; Kaken Pharmaceutical Co., Tokyo, Japan)
and the same amount of normal saline with 0.00005%
epinephrine and 0.004% indigo carmine dye was used as an
injection solution. From October 2007 to April 2008, 0.4%
sodium hyaluronate solution (MucoUp; Johnson and
Johnson Medical Co., Tokyo, Japan) was used for the
injection [17].

After 0.4% indigo carmine dye spraying, sodium hyal-
uronate solution was injected into the submucosal layer
around the lesion, and a circumferential incision was made
with a flex knife (Flex Knife; KD-630L, Olympus, Optical
Co, Ltd.) set to about 2 mm in length (Fig. 2) [2]. For this

Ileocecal valve
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Fig. 1 Chromoendoscopy with 0.4% indigo carmine dye spraying
showing a slightly elevated and sessile type (Ila + Is) neoplasia in the
ileocecal region
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Fig. 2 Flex knife

procedure, the electrosurgical generator output was set at
60 W of endocut mode, effect 2 in ICC200 or at duration 2
and interval 3 of endocut I, effect 1 in VIO300D. After an
additional injection beneath the lesion to lift it apart from
the muscularis propria sufficiently, the submucosal layer
was dissected directly using the flex knife set to about
1 mm in length, with the electrosurgical generator output
set at 20 W of forced coagulation mode in ICC200 or at
20 W of swift coagulation mode, effect 3 in VIO300D
(Figs. 3, 4).

The hemostatic forceps (SDB2422; Pentax Co, Tokyo,
Japan) was used to control bleeding during ESD treatment.
The output of the electrosurgical generator was set at 60 W
of soft coagulation mode in ICC200 or at 60 W of soft
coagulation mode, effect 5 in VIO300D.

Histopathologic evaluation

The resectability of ESD specimens was carefully evalu-
ated histopathologically by one pathologist in slices at
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Fig. 3 Submucosal layer directly visualized endoscopically and
dissected using the flex knife

Fig. 4 Region after endoscopic submucosal dissection (ESD)

2-mm intervals according to the Vienna classification of
epithelia neoplasia of the gastrointestinal tract [18]. They
were examined microscopically for histopathologic type,
depth of invasion, lateral and vertical resection margins,
and lymph vascular involvement. En bloc resection was
defined as resection of the entire lesion in a single piece
and not piecemeal.

Curative resection (minimum probability of nodal and
distant metastasis or local recurrence) was defined by four
findings: (1) the lesion was resected in a single piece; (2)
the histopathologic type was low- to high-grade dysplasia
or well to moderately differentiated adenocarcinoma; (3)
the neoplasia invasion was limited to that up to sml (a
submucosal invasion of less than 1,000 um below the
muscularis mucosae) [19]; and (4) there was no lymph
vascular or lateral or vertical margin involvement in the
resected specimens.

The size of the neoplasias was determined histopatho-
logically for the en bloc resected specimens and endo-
scopically for the piecemeal resected specimens. Patients
with submucosal carcinoma that did not meet the curative
criteria were recommended for additional surgery with
lymph node dissection.

Follow-up evaluation

Colonoscopic examinations were performed 2, 6, and
12 months after ESD and every year thereafter to check for
local recurrence and metachronous lesions. After the pre-
viously resected sites had been sprayed with 0.4% indigo
carmine dye, they were evaluated by high-magnifying
views. Computed tomography was performed for intra-
mucosal carcinomas and submucosal carcinomas 6 and
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12 months after ESD and every year thereafter to check for
lymph node and distant metastasis.

Statistical analysis

All results are expressed as means + standard deviation
and range. To compare the size of the neoplasias, that of
the resected specimens, and the procedural time, the mean
value was statistically evaluated by a nonparametric
Mann—-Whitney U test. Statistical significance was defined
as a p value less than 0.05.

Results

Patient characteristics

The clinicopathologic characteristics of the patients are
presented in Table 1. Type 2a colorectal neoplasia was the
most prevalent.

Clinical outcomes and clinical courses

The clinical outcomes of this study are presented in
Table 2, and the study’s clinical courses are summarized in

Fig. 5. The mean size of the resected neoplasias and that of
the resected specimens in ileocecal region did not differ

Table 1 Clinicopathologic characteristics of 33 colorectal neoplasias

20/13
66 + 12 (42-89)
20 + 12 (4-44)
8/16/9

3/25/4/1

Sex (M/F)

Mean age: years (range)

Mean follow-up period: months (range)
Location: ileocecal region/colon/rectum
Macroscopic type: Is/Ila/Ila 4 Is/Ila + Ilc

Is, sessile type; Ila, slightly elevated type; Ila 4+ Is, slightly elevated
and sessile type; Ila + Ilc, slightly elevated and depressed type

Table 2 Results of endoscopic submucosal dissection (ESD)

significantly from those in the other two groups (colon and
rectum neoplasias). The mean procedural time in the ile-
ocecal region was longer than in the other two groups,
although the difference was not significant.

The overall rate of en bloc resection was 91% (30/33).
Histopathologic evaluation confirmed that both the lateral
and vertical margins in the specimens resected en bloc
were considered negative (30/30). The rate of en bloc
resection in ileocecal region did not significantly differ
from the rates in the other two groups (p = 0.20 compared
with the values for the colon and p = 0.12 compared with
values the values for the rectum). Histopathologic evalua-
tion confirmed that these colorectal neoplasias consisted of
four low-grade intraepithelial neoplasias, eight high-grade
intraepithelial neoplasias, 18 intramucosal carcinomas
(lamina propria invasion), and three submucosal carcino-
mas. Three intramucosal carcinomas were locally recurrent
lesions treated with endoscopic mucosal resection (EMR)
in prior hospitals. However, all three cases could be
resected en bloc without any complications such as post-
operative bleeding or perforation.

The overall rate of curative resection was 82% (28/33).
The rate of curative resection for the ileocecal region was
significantly lower than for the rectum (p < 0.05), but the
difference was not significant compared with that for colon
(p = 0.33).

Three submucosal carcinomas were resected en bloc,
and histopathologic evaluation demonstrated that both the
vertical and lateral margins were negative in the resected
specimens. Although they were diagnosed as intramucosal
carcinomas preoperatively, deep submucosal invasion was
demonstrated in all three cases histopathologically (1,500,
1,700, and 2,000 pum below the muscularis mucosae,
respectively), and lymph vascular involvement was dem-
onstrated in the latter two cases. Because the three patients
in these cases were elderly and had comorbid pulmonary
disease, they did not receive additional surgery with lymph

Overall (n = 33)

Ileocecal region (n = 8) Colon (n = 16) Rectum (n = 9)

35 £ 15 (20-80)
41 £+ 15 (23-82)
121 £+ 90 (22-420)

Mean neoplasis size: mm (range)
Mean resected specimen size: mm (range)

Mean procedural time: min (range)

En bloc resection rate: % (n) 91 (30/33)
Histpathologic type (LGIEN/HGIEN/IMC/SMC) 4/8/18/3
Lymph vascular involvement (negative/positive) 31/2
Curative resection rate: % (n) 82 (27/33)
Perforation (penetration): % (n) 3 (1/33)
Postoperative bleeding: % () 3 (1/33)

41 £ 13 (26-60)
45 £ 11 (31-61)
142 + 81 (45-270)

33 £ 16 (20-80)
38 4+ 17 (23-82)
110 £ 73 (32-305)

34 £ 16 (20-58)
40 £ 14 (25-65)
122 £ 126 (22-420)

75 (6/8) 94 (15/16) 100 (9/9)
1/2/4/1 3/4/712 0/2/7/0
7/1 15/1 9/0

63 (5/8) 81 (13/16) 100 (9/9)*
0 (0/8) 6 (1/16) 0 (0/9)

0 (0/8) 6 (1/16) 0 (0/9)

LGIEN, low-grade intraepithelial neoplasia; HGIEN, high-grade intraepithelial neoplasia; IMC, intramucosal carcinoma (lamina propria inva-

sion); SMC, submucosal carcinoma

% p < 0.05 compared with values of the ileocecal region

@ Springer



Surg Endosc (2010) 24:1941-1947 1945
Fig. 5 Clinical courses of .
&> > . 33 lesions treated
superficial colorectal neoplasias {th ES
after endoscopic submucosal with ESD
dissection (ESD)
Curative resection Non-curative resection
27 lesions 6 lesions
Y k. r k.,
2LGIENSs 2 HGIENs 171MCs 2LGIENs and] IMC 1 8MC 28MCs
without lymph without lym ph without lym ph resected piecem eal without lym ph with lymph
vascular vascular vascular without Iym ph vascular vascular vascular
involvem ent involvem ent involvem ent involvem ent involvem ent involvem ent
g i
ﬁ
WV
No additional treatm ent Ho additional treatm ent.
(norecurrence 36, 28, and6 (norecurrence 29, 14, andé monthsafter
monthsafler ESD, ESD, respectively)
respectively) b

node dissection because of their decisions. No recurrence
was observed during 29, 14, and 6 months of follow-up
evaluation after ESD treatment, respectively.

Penetration toward the mesenterium occurred in one
sigmoid colon case (3%). Because endoscopic closure with
endoclips was performed, the amount of intraperitoneal air
was small, as shown on computed tomography, and
abdominal pain hardly occurred after ESD. This case could
be conservatively managed by medical treatment, and
neither laparoscopy nor emergent surgery was needed.

Postoperative bleeding occurred in one ascending colon
case (3%) 6 h after ESD. This complication was success-
fully managed by endoscopic hemostasis with endoclips.
No recurrence was observed in any of the cases during the
mean follow-up period of 20 £ 12 months (range, 4—
44 months).

Discussion

Endoscopic mucosal resection is indicated for the treatment
of early-stage gastrointestinal neoplasias, which show a
low frequency of lymph node and distant metastasis [20-
25]. Since EMR is inadequate for en bloc resection of large
superficial colorectal neoplasias (diameter, >20 mm) and
neoplasias with submucosal infiltration or fibrosis caused
by prior EMR, local recurrence is frequently observed [25,
26]. Some authors have suggested that incomplete EMR for
colorectal carcinomas may accelerate growth of the
remaining carcinoma and promote metastasis [27, 28].
Therefore, en bloc resection is desirable.

Recently, ESD has been applied to colorectal neoplasias
because it provides a higher en bloc resection rate and is
less invasive than surgical resection [1-4]. In our study, the
overall rate of en bloc resection was 91% (30/33), which
was as high as the rates in recent two reports (84% and
91.5%, respectively) [3, 4]. Because the horizontal margin
of neoplasias and the submucosal layer beneath the neo-
plasia could be directly visualized during the procedures
and ESD could provide adequate thickness of mucosa and
submucosa, both the lateral and vertical margins in the
specimens resected en bloc all were negative histopatho-
logically (30/30). With the ESD technique, the neoplasias
extending beyond sml (1,000 um below the muscularis
mucosae) could be resected en bloc with pathologically
free margins, although the number of these neoplasias was
small in our study. The rate of en bloc resection for the
ileocecal region did not significantly differ from that for the
other two groups (colon and rectum neoplasias), although it
is possible that if more cases had been included, the en bloc
resection rate would have proved to be significantly lower
for the neoplasias located in the ileocecal region. In our
study, the rate of curative resection for ileocecal region was
significantly lower than for the rectum. In the ileocecal
region group, one submucosal carcinoma that extended
beyond sml was included, but not in rectal group. That
could have had an impact on this result.

On the other hand, the ESD technique has disadvantages
such as a longer procedural time and a higher complication
rate. Although it is true that the procedural time was long in
our study (the mean operative time was 121 £ 90 min), the
rate of en bloc resection was high for large superficial
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colorectal neoplasias including neoplasias of the ileocecal
region (91%), and no recurrence was observed in any of the
cases. Moreover, the mean procedural time for the ileoce-
cal region was not significantly different from that for other
two groups.

During colorectal ESD, perforation can easily occur if
the tip of the knife comes into contact with the floor of the
ulcer because the wall of the colon is thinner than that of
stomach, and its muscular layers are sparse. Therefore,
safer procedures are required for colorectal ESD. Saito
et al. [3] and Fujishiro et al. [4] reported that almost all
perforations were diagnosed during ESD procedures and
could be managed by endoscopic closure with endosclips,
although the incidence of perforation associated with ESD
(4-5%) was higher than for conventional EMR.

In our study, penetration toward the mesenterium
occurred during dissection of the submucosal layer in one
sigmoid colon case (3%). However, it could be conserva-
tively managed by medical treatment after endoscopic
closure with endoclips, as described in previous reports,
and emergent surgery was not needed.

In this study, we applied a combination of flex knife and
small-caliber-tip transparent hood to colorectal ESD such
as esophageal ESD [29]. The flex knife has special features
[2]. It is easy to handle in any direction—vertically, hori-
zontally, or diagonally. It is soft and has a unique looped
shape to minimize the possibility of tissue perforation. The
length of the knife tip is adjustable so that the distance and
depth of mucosal incision and submucosal dissection can
be controlled precisely.

By using a small-caliber-tip transparent hood in our
study, the knife was set in the center of the lumen so that it
was easier to handle in any direction during both mucosal
incision and submucosal dissection without rotating the
endoscope. While performing submucosal dissection, we
could obtain a clear field of the submucosal tissue and
control bleeding easily by using a small-caliber-tip trans-
parent hood. Thus, severe complications such as perfora-
tion and intolerable bleeding during ESD treatment could
be minimized even in the ileocecal region.

The ileocecal valve has two functions: to prevent
regurgitation of material from the cecum into the ileum and
to delay passage of ileal contents into the cecum, allowing
more time for digestion and absorption of foodstuffs to
occur in the ileum [5-8]. Bile acids absorbed in the ter-
minal ileum are essential to an intact enterohepatic cycle
and lipid digestion. Therefore, malabsorption and diarrhea
sometimes occur, causing the quality of life for the patients
to decrease after ileocecal resection.

Complete resection using standard EMR technique in
the ileocecal area is much more difficult, especially for
larger lesions, and surgical treatment is sometimes
required in the case of incomplete resection. By applying
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ESD for the treatment of large superficial neoplasias in
our study, the ileocecal valve could be preserved in all
cases involving the ileocecal region without any
complications.

Several studies have demonstrated that lymph node
metastasis in cases of submucosal carcinomas is closely
associated with the depth of submucosal invasion, the poor
differentiation, lymph vascular invasion, and tumor bud-
ding [19, 30-32]. Ueno et al. [32] reported that the nodal
involvement was extremely low (0.7%) in cases of sub-
mucosal carcinomas without an unfavorable tumor grade,
vascular invasion, tumor budding, or extensive submucosal
invasion (width exceeding 4,000 um or depth exceeding
2,000 pm), and proposed a wait-and-see policy after suf-
ficient resection of these carcinomas. Hence, an expanded
indication of endoscopic treatment for these submucosal
carcinomas can be considered. To that end, en bloc
resection is needed to evaluate tumor grade, the extent of
submucosal invasion, lymph vascular involvement, and
tumor budding in the resected specimens. Because ESD
improves the completeness of en bloc resection of large
colorectal neoplasias including the neoplasias of the ileo-
cecal region, provides adequate thickness of the mucosa
and the submucosa, and is less invasive than surgical
resection, it may be considered the treatment of choice for
these submucosal carcimonas, especially for patients with
comorbid diseases.

Although the number of patients who underwent ESD
and the follow-up periods was limited in the current study,
ESD with a combination of small-caliber-tip transparent
hood and flex knife is safe and effective for the treatment of
large superficial neoplasias in the ileocecal region such as
other colorectal neoplasias.
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