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green reflectance to distinguish neoplastic from non-neoplastic
areas based on differences in the intensity of the autofluorescence
and green reflectance spectra. The utility of this system for diag-
nosing bronchial SCC has already been confirmed. ™" As AFI
might prove useful for the diagnosis of SCC of the esophagus and
pharynx, we decided to evaluate the visualization of such lesions
comparing the AFI system to white light endoscopy (WLE).

Methods

AFI videoendoscope system

We conducted a prospective study to evaluate visualization of
esophageal and pharyngeal SCC using AFI videoendoscopy,
which is a new illumination system that allows for real-time WLE,
but also makes it possible to switch to AF1 endoscopy by the press
of a single button on the scope handle.* ¥ This system includes a
sequential green and blue light source (XCLV-260HP) and a high-
resolution videoendoscope (GIF-FQ260Z). The endoscope has
two high-quality charged coupled devices (CCD): one for high-
resolution WLE and the other for high-resolution AFL

In the AFI mode, the image is composed of two parts: autofluo-
rescence emitted by blue light excitation (390-470 nm) and green
reflectance (540-560 nm). When exposed to blue light excitation,
some endogenous biological substances (e.g. collagen, elastin,
flavin and nicotinamide adenine dinucleotide) in the submucosal
layer emjt autofluorescence with longer wavelengths. A barrier
tilter is placed in fromt of the AFI CCD 1o allow only the passage
of light with a wavelength between 500-630 nm, thereby cutting
off the blue light excitation. The sequentially detected images from
autofluorescence and green reflectance are integrated by an image
processor into a real-time, pseudo-color AFT image.

Neoplastic areas involve a thickening of the mucosal layer and
increased hemoglobin so such areas emit weaker autofluorescence
compared to non-neoplastic areas. During endoscopy using the
AFT mode, non-neoplastic areas appear to be green in color
whereas neoplastic areas are purple or magenta,

Patients

Thirty-two consecutive patients with superficial esophageal SCC
and 11 patients with superficial pharyngeal SCC that had been
previously diagnosed in other hospitals were enrolled in this pilot
study. Endoscopists in the other hospitals used WLE as well as LC
andfor narrow band imaging (NBI) videoendoscopy,** but
not AFI videoendoscopy to diagnose the lesions which were all
histologically confirmed as being SCC. Those 32 patients with
esophageal SCC and 11 patients with pharyngeal SCC were then
referred to our hospital for treatment of their lesions.

Endoscopic examinations

In order to more precisely diagnose the extent of the SCC lesions
and their invasive depth for determination of the optimal method of
treatment, endoscopic examinations were carried out using an AFI
videoendoscope system by one highly experienced endoscopist
(1.0.) familiar with the AFI technique. This endoscopist was
provided with information received from the previous hospitals
concerning the lesions, including their locations, number and
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endoscopic images. Written informed consent was obtained from

all patients before their examinations.

First, routine endoscopic examinations were carried out using
the WLE mode of the AFI videoendoscope system to identify
abnormal mucosal areas in the esophagus and pharynx. If abnor-
mal mucosal areas were identified, photographs which depicted
the lesion in the center of the endoscopic monitor were taken of the
WLE view. We then examined the esophagus and pharynx by
switching to the AFT mode. If a demarcated area purple or magenta
in color on a green background was observed, SCC of the esopha-
gus or pharynx was suspected and photographs were taken of the
AFI view as described previously. In addition, LC and NBI
videoendoscopy were also carried out to diagnose lesions more
precisely, but LC' was not used in the pharynx. Finally, biopsy
specimens were taken from the areas that were suspected of being
SCC of the esophagus and pharynx.

Evaluation of esophageal and pharyngeal SCC
visualization

During the endoscopic examinations referred to above, the endo-
scopist (1.0.) took pictures of abnormal mucosal areas and a rep-
resentative collection was then assembled of both WLE and AFI
images of the superficial esophageal and pharyngeal SCC lesions.
After the endoscopic examinations, the other three endoscopists
with extensive experience in the detection of SCC of the esopha-
gus and pharynx (Y.S., H.I, H.S.) blindly evaluated the superficial
lesions histologically. diagnosed as SCC in terms of the visualiza-
tion quality of both the WLE and AFI images without reference to
any information concerning the nature of the lesions. The visual-
izations were evaluated on a three-tier scale: visible, illegible and
invisible. A ‘visible lesion’ was defined as a lesion that was clearly
detected by WLE or AFI and definitely diagnosed endoscopically
as an esophageal or pharyngeal SCC. An ‘illegible lesion® was
defined as a lesion that could barely be identified by WLE or AFI,
but could not be differentiated endoscopically from a non-
neoplastic lesion. An ‘invisible lesion’ was defined as a lesion that
could not be recognized by WLE or AFI and could not be diag-
nosed endoscopically as SCC. The percentage of visible lesions
identitied using WLE and AF1, respectively, was then calculated,
and the ability of AFl and WLE to visualize esophageal and
pharyngeal SCC was compared. In addition, the interobserver
agreement on the visualization of superficial lesions was assessed.

‘Histological assessment and definition of

superficial cancers

We subsequently carried out ER or surgery on the superficial
esophageal and pharyngeal SCC lesions. Histological assessment
of the resected esophageal specimens was based on the Vienna
classification.® Category 4 lesions under the Vienna classification
are either high-grade dysplasia (category 4.1.) ot carcinoma in situ
(category 4.2.), whereas category 5 lesions are intramucosal car-
cinoma (category 5.1.), submucosal carcinoma or beyond (cat-
egory 5.2.). Superficial esophageal cancer is defined as a lesion in
which tumor invasion is limited within the intramucosal and sub-
mucosal layers corresponding to categories 4 and 5 in the Vienna
classification,®
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According 1o the Japan Society for Head and Neck Cancer,* a
superficial pharyngeal lesion is defined as one in which vertical
invasion is comparatively shallow and visual changes do not indi-
cate an advanced cancer. This rather vague definition suggests that
vertical invasion is limited to the epithelium or just beneath the
epitheliwm, but does not extend to the muscle layer. The stratified
layer of the pharynx is not equivalent to that of the gastrointestinal
tract, however, due to the absence of muscularis mucosae in the
pharynx, so the Vienna classification was not used for histological
assessment of resected pharyngeal specimens.

Statistical analysis

McNemar's test and Fisher's test were used for statistical analysis
using the standard computer software statistical package SPSS for
Windows (SPSS, Release 6.0, SPSS Inc., Chicago. IL, USA,
1993). A P value < 0.05 was considered significant. Interobserver
agreement was also calculated using Kappa statistics.

Results

We identified a total of 39 superficial esophageal SCC lesions in
the 32 patients. ER was subsequently carried out on 26 of those
patients with 31 lesions, whereas surgical treatment was carried
out on the remaining six patients with eight lesions. The lesions
were diagnosed according to depth of invasion (categories 4.2, or
5.1/category 5.2. of the Vienna classification: 34/5); macroscopic
type (flat/elevated: 36/3) and tumor size (less than half the circum-
ference of the lumen/half the circumference of the lumen or
greater: 23/16).

A total of 20, 11 and eight of those lesions were considered as
being visible, illegible and invisible, respectively. using WLE
compared to 31, three and five lesions, respectively, with AFL The
percentage of visible lesions was 79% with AFI and 51% with
WLE (P < 0.05) (Fig. 1. In terms of interobserver agreement on
the visualization of superficial esophageal SCC, there was higher
agreement with AFI than with WLE (AFI (x=0.46) and WLE
(x =0.31)). In addition, AFI revealed 12 lesions in the esophagus
that were not adequately visualized by WLE with such lesions
Timited to the mucosa (P = 0.26) and tending to be smaller (less
than half circumference) in size (P =0.72) (Fig. 2).

In addition, a total of 12 superficial pharyngeal SCC lesions
were identified in 11 patients. ER was subsequently carried out on
eight of those patients with nine lesions and surgical treatment was
carried out on the other three patients with three lesions. These
lesions were diagnosed according to depth of invasion (carcinoma
in-situ/subepithelial invasion): 6/6) and macroscopic type (flat/
elevated: 7/5). Based on the WLE images, four, five and three
lesions were considered as being visible. illegible and invisible,
respectively, in comparison to nine, three and O lesions, respec-
tively, using AFI. The percentage of visible lesions was 75% with
AFI and 33% with WLE (P =0.13) (Fig. 3).

Representative conventional WLE and corresponding AFI pic-
tures of SCC in the middle thoracic esophagus and SCC in situ of
the hypopharynx are shown, respectively, in Figures 4a,b and 5a.b.

Discussion

Based on these results, the AFI videoendoscope system was better
at visualizing superficial esophageal and pharyngeal SCC com-
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p<0.05

WLE AF1

Figure 1 Visualization of superficial esophageal squamous cell carci-
noma (SCC) by autofluorescence imaging (AFl) and white light endos-
copy (WLE). Percentage of visible lesions was 79% with AFl and 51%
with WLE (P < 0.08). P value was caiculated using McNemar's test.
[ invisible; B Hllegible; B Visible.

pared to conventional WLE. In particular, AFI significantly
improved the visualization of esophageal SCC and was able to
better recognize mucosal and smaller esophageal SCC lesions that
were difficult to visualize using WLE. Although visualization of
pharyngeal SCC using AFI was also better than with WLE, the
difference between the two techniques was not significant. There-
fore, these results suggest that the AFI system may be more useful
for carly diagnosis of SCC of the esophagus and pharynx com-
pared 10 WLE.

The AFI videoendoscope system presently available combines a
high-quality white light videoendoscope system with an autofluo-
rescence and green reflectance-imaging mode.*?7 This system
provides superior image quality compared to earlier AFI systems
using fiber-optic endoscopy. Neoplastic tissue can be distinguished
using this system based on differences in the intensity of the
autofluorescence and green reflectance spectra. The usefulness of
this latest system has been confirmed in the diagnosis of bronchial
SCC.%#% Recently, Uedo ef al. reported that the AFT system has an
advantage over standard WLE in the diagnosis of early esophago-
gastric cancers including five early esophageal SCC lesions with
image quality being acceptable.® Kara ef al. further reported that
endoscaopic video AFT may improve the detection of early neopla-
sia in patients with Barrett’s esophagus.® In addition, it has been
reported that autofluorescence laryngoscopy was useful in the
early diagnosis of laryngeal cancer.’” Although the value of the
newest AFl videoendoscope system has been recognized in a
number of studies, there are few reports on its effectiveness in the
carly diagnosis of SCC of the esophagus and pharynx. Therefore,
this research indicating that AFI may be of potential use in this
area is especially important.

The early detection of superticial SCC of the esophagus by
conventional WLE continues to be difficult™ because there are few
morphological changes, but L.C improves the endoscopic visual-
ization and frequently makes it possible to diagnose esophageal
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Figure 2 Clinicopathological  features  of
lesions visible by autofluorescence imaging
(AF1) only compared with lesions visible by
both white light endoscopy (WLE) and AFl. P
values were calculated using Fisher's test.

19 Lesions Visible
with AFI and WLE

p=0.13

WLE

AFI

Figure 3 Visualization of superficial pharyngeal squamous cell carci-
noma (SCC) by autofluorescence imaging (AFI) and white light endos-
copy (WLE). Percentage of visible lesions was 75% with AFl and 33%
with WLE (P=0.13). P value was calculated using McNemar's test.
1 Invisible; B llegible; B Visible.

SCC at an early stage.”® Unfortunately, Lugol staining often
causes mucosal irritation during exaninations leading to retroster-
nal pain and discomfort,'>'* although final rinsing with thiosuifate
solution can ease such irritation.

Despite the fact that gastrointestinal endoscopists now have a
better chance of finding pharyngeal cancers, the majority are not
detected unti! an advanced stage with a resultant poor prognosis
because it is so difficult 1o detect such lesions using conventional
WLE.""2 Regrettably, there are few diagnostic techniques for the
detection of pharyngeal SCC at an early stage partly because LC
cannot be carried out in the pharynx.
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Consequently, the development of a new, non-invasive diagnos-
tic modality is highly desirable not only for esophageal SCC, but
also for pharyngeal SCC where Lugol staining is not feasible. The
AFT system could play an important role in the future diagnosis of
such cancers, because it appears to improve the endoscopic visu-
alization of esophageal and pharyngeal SCC without any of the
disadvantages associated with LC.

The NBI system is another novel non-invasive optical imaging
technique that has shown promising results in the diagnosis of
esophageal and pharyngeal SCC.2**""** In addition, NBI with mag-
nification can reveal the superficial mucosal structure of such SCC
lesions including any morphological change in capillary vessels
enabling it to distinguish between neoplastic lesions and inflam-
malory conditions and it is also helpful in predicting histological
depth.”*'* Several reports have further shown that NBI may
improve recognition of mucosal and vascular patterns in Barrett’s
esophageal mucosa and identification of early neoplasia in Bar-
relt’s esophagus.”™* A proof-of-principle study on diagnosing
early neoplasia in patients with Barrett’s esophagus in which AFI
results were used as a red-flag to identify suspicious areas fol-
lowed by NBI with magnification for confinnation of suspected
superficial lesions indicated that detailed NBI evaluation after
initial AF1 examination reduced the false-positive rate of AFL70
Although the usefulness of both the NBI and AF1 systems has been
recognized in a number of studies, there have been no published
reports as yel actually comparing detection of esophageal and
pharyngeal SCC using AFI and NBI. Therefore, we intend to
conduct a prospective study to evaluate the usefulness of AFI
compared to NBI for the diagnosis of SCC of the esophagus and
pharynx,

Tt seems reasonable to conclude from our study that the AFI
videoendoscope system can increase the possibility of early diag-
nosis of SCC of the esophagus and pharynx because of improved
endoscopic visualization, but it should be noted that this was
only an uncontrolled pilot trial with a small number of patients.
Furthermore, the endoscopic examinations in our study were
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conducted using WLE first followed by AFI, so the AFI results
may have been more favorable as well as possibly being biased
simply because the endoscopist had seen at least some of the
lesions initially with WLE, although the visualization of the
lesions using WLE and AFI was blindly evaluated by the other
three endoscopists. The results, therefore, should be interpreted
cautiously. In retrospect, we probably should have randomly
carried out half of the endoscopic examinations using WLE first
followed by AFT and the other half using AFI first followed by
WLE.

It has been reported that visualization of some tumors and
distinguishing neoplastic lesions from non-neoplastic areas,
including inflammatory changes, continues (o be difficult even
when using the latest AFI system because of resolution limitations
that sometimes resull in false-positive findings. However, as we
only evaluated visualization of previously diagnosed esophageal
and pharyngeal SCC, it is possible that our AFI results are better
than when both neoplastic and non-neoplastic lesions are included.
Although maneuverability of the AFI videoendoscope was almost
the same as that of a conventional videoendoscope, it also took
several seconds longer to complete the AFI mode change.™

Therefore, a prospective, randomized controlled trial involving
a large number of patients with not only SCC of the esophagus and
pharynx, but also non-neoplastic lesions should be conducted to
more fully evaluate the feasibility and efficacy of using the AFI
system in the diagnosis of these lesions. Both image quality and
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Figure 4 Sqguamous cell carcinoma (SCC) in
the middle thoracic esophagus (mucosal inva-
sion: Category 4.2. of the Vienna classifica-
tion; flat type; less than half circumference).
(a) Conventional white light endoscopy (WLE)
showed a slightly reddish area that was
evaluated as being illegible. (b) Autofluores-
cence imaging (AFl) endoscopy .showed a
clearly demarcated area magenta in color that
was evaluated as being visible.

Figure 5 Squamous cell carcinoma (SCC) in
situ of the right hypopharynx. (a) Conven-
tional white light endoscopy (WLE) showed a
slightly elevated area that was evaluated as
being illegible. (b) Autofluorescence imaging
(AFl) endoscopy showed a clearly demar-
cated area magenta in color that was evalu-
ated as being visible.

maneuverability of the AFI system will also need to be improved

~ before this recently developed technology can be accepted for

general clinical use.

In conclusion, the results of the present study suggest that the
AFI videoendoscope system may be more useful for the early
diagnosis of SCC of the esophagus and pharynx because of
improved visualization of such lesions compared to WLE.
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Abstract

Background and aims Local recurrence frequently occurs
after endoscopic resection of large colorectal tumors.
However, appropriate intervals for surveillance colono-
scopy to assess local recurrence after endoscopic resection
have not been clarified. The aim of the present study was to
determine local recurrence rates following en-bloc and
piecemeal endoscopic resection and establish appropriate
surveillance colonoscopy intervals based on retrospective
analysis of local recurrences.

Materials and methods A total of 461 patients with 572>
10-mm lesions underwent endoscopic resection and follow-
up. We retrospectively compared local recurrence rates on
lesion size, macroscopic type, and histological type after
en-bloc resection (440 lesions) and piecemeal resection
(132 lesions). Cumulative local recurrence rates were
analyzed using the Kaplan-Meier method.

Results Local recurrence occurred for 34 lesions (5.9%).
Local recurrence rates for the en-bloc and piecemeal groups
was 0.7% (3/440) and 23.5% (31/132), respectively (P<
0.001). The difference between the two groups was distinct
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i terms of lesion size, macroscopic type, and histological
type. Of the 34 local recurrences, 32 were treated
endoscopically and two cases required additional surgery.
The 6-, 12-, and 24-month cumulative local recurrence rate
of the en-bloc group was 0.24%, 0.49%, and 0.81%. Then
the 6-, 12-, and 24-month cumulative local recurrence rate
for the piecemeal group was 18.4%, 23.1%, and 30.7%.
Conclusion Local recurrence occurred more frequently
after piecemeal resection than en-bloc resection. However,
almost all cases of local recurrences could be cured by
additional endoscopic resection, so piecemeal resection can
be acceptable treatment.

Keywords Colorectal tumors - Colonoscopy -
Neoplasm recurrence - Follow-up studies

Introduction

Endoscopic resection is used to treat early colorectal tumors
around the world. However, the high frequency of local
recurrence after piecemeal resection for large colorectal
tumors is a serious problem [1--6]. Based on national polyp
study [7], the appropriate interval for surveillance colono-
scopy after endoscopic resection of adenomatous polyps is
3 years. However, the appropriate intervals after incomplete
endoscopic resection has not yet been clarified. In the present
study, we retrospectively analyzed the local recurrence
frequency after en-bloc and piecemeal endoscopic resection
for colorectal neoplasms =10 mm in size in large number of
follow-up cases. We also analyzed clinicopathologic features
and treatment of local recurrences. Our goal was to establish
appropriate surveillance colonoscopy programs after endo-
scopic resection for colorectal tumors based on our retro-
spective analysis of local recurrence.
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Table 1 The clinicopathologic characteristics

En-bloc (n=440) Piecemeal (n=132)

Follow-up (months) 22 (1-57) 18 (1-54)

Size (mean, mm) 13.9 (10-40) 23.3 (10-45)

Location

(Rb/Ra/Rs/S/D/T/AICY  23/23/32/140/39/73/  12/4/8/20/6/25/29/28
81729

Macroscopic type

Protruding 324 26

Flat elevated 114 100

Depressed 2 6

Pathological type

Adenoma 181 35

M-ca 253 88

SM-ca 5 8

Unevaluated 1 1

Rb lower rectum, Ra upper rectumn, Rs: rect-sigmoid colon, S sigmoid
colon, D descending colon, T transverse colon, 4 ascending colon, C
cecum, M-ca intramucosal carcinoma, SM-ca submucosal invasive
carcinoma

Materials and methods

A total of 461 patients (311 men, 150 women), with 572> 10-
mm lesions underwent endoscopic resection and were
followed up endoscopically between January 1998 and March
2002 at the National Cancer Center Hospital (Tokyo, Japan).
Patients that required additional surgical treatment immedi-
ately after endoscopic resection and in whom follow-up
colonoscopy could not be performed were excluded from the
study. Chinical and pathological records were retrospectively
analyzed. The mean patient age was 63.8 years (range 19-89).
Of 572 lesions, 440 (76.9%) were removed en-bloc and 132
(23.1%) were removed by piecemeal. The clinicopathologic

characteristics of the en-bloc and piecemeal groups are shown
in Table 1. There was no difference in the follow-up period
for the groups. For the piecemeal group, the mean size of the
lesion was 23.3 mm. For the en-bloc group, the mean size of
the lesion was 13.9 mm. The rates of rectal lesions were
about 20% in both groups. In the piecemeal group, the
dominant macroscopic type was flat-elevated. In the en-bloc
group, the dominant macroscopic was protruded. We
compared the local recurrence rates in the two groups by
lesion size, macroscopic type, and histological type. Further-
more, we analyzed the clinicopathologic features and treat-
ments of cases with local recurrence. All patients provided
informed consent prior to endoscopic resection.

Endoscopic technique

Good bowel preparation is essential for detection and
detailed observation of lesions. We used 2 L of polyethyl-
ene glycol electrocyte solution on the day of examination.
We used conventional or magnifying video colonoscopies
(CF2001, CF-Q2401, CF-200Z, CF-Q240ZI, PCF-230,
PCF-Q240Z1; Olympus Optical, Tokyo, Japan). Scopol-
amine butyl bromide was administered intravenously unless
contraindicated. The initial dose was 10 mg and was
increased as required. If necessary, the conscious sedation
was maintained with intravenous boluses of midazolam or
pethidine. We routinely used chromoendoscopy with 0.2%
indigo carmine dye to accentuate the lesion contours {8].
This procedure was useful for determining the area of
endoscopic resection and detecting local recurrence at the
site of resection. Furthermore, we used a magnifying
endoscope with 0.2% indigo carmine or 0.05% crystal
violet to estimate the depth of invasion in the target lesion
[8] and to detect the residual tumor immediately after

Fig. 1 A chart of 572 colorectal l

Endoscopic resection for 572 colorectal tumors ]

tumors followed up after endo-
scopic resection

l

En-bloc 440 ‘

‘ Piecemeal 132 l

I Local recurrence(+) 3 l

| Local recurrence(+) 31 |

| Endoscopic treatment 2I ]Surgery 1 | l Endoscopic treatment 30] ISurgery 1 |

] Local recurrence(+) 2 |

| Endoscopic treatment 2 ]

Local recurrence(-)
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endoscopic resection. Macroscopically, at the margins,
lesions can be classified into three major groups: protruding
type including sessile (Is), semi-pedunclated (Isp). pedunc-
lated (Ip); flat-elevated type including Ila, ITa+llc, and Is+
Ta; and depressed type including Ilc. The indication for
endoscopic resection is lesion invasion depth limited to the
mucosa and shallow submucosa. After the visible lesion
was completely removed, 0.2% indigo carmine was sprayed
over the area and the area was magnified. Residual tumor
was removed with hot biopsy forceps. We performed all
endoscopic treatments in a single session.

Histological examination

All tissue was retrieved for histological evaluation. Removed
specimens were fixed in 10% formalin for 24 h and
embedded in paraffin wax. Serial sections (3 pm) were
stained with hematoxylin and eosin. Two or more patholo-
gists specializing in gastroenterology made histological
diagnoses including histological type, invasion depth, vessel
invasion, and surgical margin. In the present study, histolog-
ical type was classified into three groups: adenomas,
mucosal carcinomas (M-ca), and submucosal carcinomas
(SM-ca).

A principle of additional surgical treatment

Patients that were (1) diagnosed with deep SM-ca
>1,000 um, (2) positive for vessel invasions, (3) positive
for poorly differentiated adenocarcinoma at the sites of
invasion, and (4) positive for vertical margins were judged
to require additional surgical treatment with resection of
regional lymph nodes. Cases that were judged to have
positive or indistinct for lateral margins were followed up
endoscopically.

P<0.001
450 r

91.5%

350
300
250
200
150
100

50

OPiecemeal
En-bloc

10-19 20-29 . 30-
Size(mm)

Fig. 2 En-bloc resection rates by lesion size

Table 2 Local recurrence rates by the lesion size

Size (mm) 10-19 20-29 30+ Total
En-bloc 0.8%* 0%* 0% 0.7%
(3/366) (0/65) 0/9) (3/440)
Piecemeal 14.7% 21.7% 34.2% 23.5%
(5/34) (13/60) (13/38) (31/132)
Total 2.0% 10.4% 27.7% 5.9%

(8/400) (13/125) (13/47) (34/572)

*P<0.001

Statistical analysis

Local recurrence rates were compared with a chi-square
test. Cumulative local recurrence rates were analyzed with
the Kaplan-Meier method. Comparison of local recurrence
rates were analyzed with log rank test. All statistical
analysis was performed with Stat Mate Ver.3 for Windows
(ATMS Tokyo, Tapan). Calculated P values <0.05 were
considered statistically significant.

Results

Local recurrence occurred in 34 lesions (5.9%) of 572 lesions.
The local recurrence rates in en-bloc and piecemeal groups
was 0.7% (3/440) and 23.5% (31/132, chi-square, P<0.001;
Fig. 1). The en-bloc resection rates of lesions (Fig. 2)
decreased in proportion to increase in size (chi-square; P<
0.001). The local recurrence rates by lesion size are shown in
Table 2. Based on lesion size, local recurrence rates of the
en-bloc group were significantly lower than those of the
piecemeal group (10-19 and 20-29 mm, chi-square, P<
0.001). Based on macroscopic type, local recurrence rates of
the en-bloc group were significantly lower than those in the
piecemeal for protruding and flat-elevated types (chi-square,
P<0.001; Table 3). Based on histological type, local
recurtence rates of the en-bloc group were significantly
lower than those of the piecemeal group for adenoma and
M-ca (chi-square, P<0.001; Table 4).

Table 3 Local recurrence rates by macroscopic type

Type Protruding  Flat elevated Depressed  Total
En-bloc 0%* 2.6%* 0% 0.7%
(0/324) (3/114) (0/2) (3/440)
Piecemeal 19.2% 24.0% 33.3% 23.5%
(5/26) (24/100) (2/6) (31/132)
Total 1.4% 12.6% 25.0% 5.9%
(5/350) (27/214) (2/8) (34/572)
*P<(.001
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Table 4 Local recurrence rates by histological type

Type Adenoma  M-ca SM-ca Unevaluated Total
En-bloc 1.1%* 04%* 0% 0% 0.7%
181y (17253)  (0/5)  (O/1) (3/440)
Piccemeal 17.1% 261%  25% 0% 23.5%
(6/35) (23/88)  (28y  (0/1) (31/132)
Total 3.7% 7.0% 154% 0% 5.9%
(8/216) (247341 (2113) (0/2) (34/572)

M-cu intramucosal carcinoma, SM-ca submucosal invasive carcinoma
*P<(.001

Twenty-eight of the 34 lesions with local recutrence
were detected by the first follow-up colonoscopy that
occurred at a median of 114 days (range 74-471) after
resection. Local recurrence was detected in the remaining
six lesions at the second or subsequent colonoscopy that
occurred at a median of 726 days (range 337-910). For four
of the six local recurrences that were missed by the first
colonoscopy, the colonoscopy was performed within
3 months of resection.

The cumulative rate of local recurrence using the Kaplan-
Meier method is shown in Fig. 3. The 6-, 12-, and 24-month
cumulative local recurrence rate of the en-bloc group was
0.24%, 0.49%, and 0.81%. The 6-, 12-, and 24-month
cumulative local recurrence rate for the piecemeal group
was 18.4%, 23.1%, and 30.7%. Local recurrences were
significantly frequent in the piecemeal group (log rank test,
P<0.001). Therefore, we considered the proper first follow-
up interval for the piecemeal group to be 6 months. The
treatment for local recurrence endoscopic resection was
performed in 32 cases (94.1%), and almost all of them were
performed in a single session (mean 1.1, range 1-2; Fig. 1).
Neither bleeding nor perforation occurred during endoscop-
ic treatment. Two patients required additional surgery
(Fig. 1), and the finding was intramucosal carcinoma

Fig. 3 Cumulative local recur-

without lymph node metastasis. The rate of additional
surgery after endoscopic en-bloc and piecemeal resection
was 0.23% (1/440) and 0.75% (1/132).

Discussion

Endoscopic resection for an early colorectal tumor has been
used throughout the world since the 1970s [9, 10]. An
endoscopic mucosal resection (EMR) with submucosal
saline injection technique [1, 11-14] allowed us to remove
a large colorectal tumor that appeared to be not only sessile
but also flat and depressed. However, local recurrences
frequently occurred after endoscopic piecemeal resection
for large sessile tumors, which is a serious problem.’
Previous studies have reported the rate of local recurrence
following piecemeal resection to be 25--50% [l, 2, 6].
Consequently, a combination of snare polypectomy and
argon plasma coagulator (APC) [4, 5] or YAG laser [3, 15]
was attempted to reduce local recurrence. One randomized
controlled study demonstrated that there were fewer local
recurrences with APC than without APC (1/10 vs. 7/11) [S].
However, the randomized group consisted of the patients in
whom initial polypectomy was apparently complete, and
local recurrence frequently occurred despite APC in
patients with incomplete polypectomies (6/13). On the
other hand, Palma et al. [15] reported that YAG laser
reduced remnant tumor in >40-mm adenomas. However,
the number of treatments with the YAG laser were
frequently as many as three, which is a disadvantage of
the method. The effort to reduce the local recurrence of
piecemeal resection has stalled.

In pathologic staging, it is often difficult to evaluate the
surgical margins and invasion depth after piecemeal
removal of lesions because specimens may be difficult to
reconstruct [16]. On the other hand, surgical margins and
invasion depth are easily assessed after en-bloc resection
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[16]. Moreover, one can easily evaluate the lateral margin
after an en-bloc procedure by immediate observation of the
retrieved specimen.

Could the en-bloc method reduce local recurrence after
endoscopic resection? In the present study of 572 colorectal
tumors that were endoscopically resected, local recurrence
occutred for 34 lesions (5.9%). Furthermore, the local
recurrence rate for the en-bloc group was significantly
lower (0.7%) than that for the piecemeal group (23.5%; P<
0.001). The difference was maintained in subgroups with
different lesion sizes (i.e., 10-19 vs. 20-29 mm). We could
rationalize that the 10- to 19-mm lesions in which local
recurrence occurred were difficult to locate, and therefore,
we could not perform en-bloc resection.

Localization of the lesion in the large bowel is an
important factor for the detection of remmant tumor
immediately after endoscopic resection. Moreover, neither
the macroscopic nor the histological type affected the
local recurrence rate. Therefore, en-bloc resection appears
to be an important factor for reducing local recurrences.
lishi et al. [17]. reported that of 56 large sessile colorectal
polyps, the local recurrence after an en-bloc resection was
less than that after piecemeal resection (0% vs. 50%). We
confirmed this result in a large number of cases in the
present study, and we added a detailed analysis for each
factor. Although we routinely use magnifying observation
of artificial ulcer’s edges after endoscopic resection, local
recurrence rate of the piecemeal group was significantly
higher than the en-bloc group. We speculate this reason that
there were micro-residual lesions made by intra-plural
snaring method in the center of artificial ulcers, which
were difficult to diagnose by observation of ulcer edges.
Moreover, higher local recurrence rate might be caused by
detailed detection during follow-up colonoscopy using
magnified observation.

For the part of large rectal lesions, transanal endoscopic
microsurgery (TEM) was considered for an alternative
therapy for endoscopic resection. Local recuirence rates
(0-10%) of TEM were reported [18], and these were better
than our data of endoscopic piecemeal resection. However,
TEM required experienced techniques and special instru-
ments, and some complications such as incontinence and
urinary retention which never arose in endoscopic resection
occur [18]. -

Recently, several Japanese endoscopists [19, 20} devel-
oped novel techniques for large en-bloc resection, endo-
scopic submucosal dissection (ESD). Gotoda et al. [19]
reported EMR on two rectal tumors using an insulation-
tipped knife with which they cut the normal mucosa
surrounding the target lesions before snaring. Yamamoto
et al. [20] successfully removed a 40-mm rectal laterally
spreading tumor with submucosal injection of a large
amount of sodium hyaluronate. They also cut normal

mucosa surrounding the target lesions with a needle knife
before snaring. There are several problems with these novel
techniques, including technical difficulty, the inability to
determine the rate of perforation, and long procedure time.
For those reasons, ESD is not widely used.

Based on our result, local recurrence is rare following
en-bloc resection. Therefore, the 3- to 5-year interval for
surveillance colonoscopy suggested by the national polyp
study [7] and the guidelines of the American Gastroentet-
ological Association (AGA) [21] should be appropriate
after en-bloc resection. Definite surveillance intervals after
incomplete resection have not been proposed by the AGA
[21]. In our piecemeal resection group, local recurrence
increased gradually from 18.4% at 6 months to 30.8% at
24 months. Based on those findings, an earlier surveillance
colonoscopy (e.g., 3 months) would have missed local
recurrence. Therefore, a 6-month interval for surveillance
colonoscopy after piecemeal resection seems appropriate.
That interval will provide accurate diagnosis of local
recurrences >50% of the time.

The limitations of our study include using retrospective
analysis and being non-randomized. Prospective random-
ized controlled studies are necessary for determining the
appropriate interval for surveillance colonoscopy after
piecermeal resection. '

In our study, only two instances of local recurrence
required additional surgery; the remainder were treated with
additional endoscopic resection. We consider piecemeal
resection an acceptable treatment until the efficacy and
safety of large en-bloc resection are established.

In the future, an effective injection fluid or snare should
be developed for safer and larger en-bloc resection based on
conventional EMR procedures. We recently injected 10%
glycerin solution into the submucosa during EMR, which
resulted in a better en-bloc resection rate compared fo
normal saline [22]. Furthermore, we should make an effort
to establish an ESD technique while paying a great deal of
attention to safety.

Fundings The authors have no commercial associations that might
be a conilict of interest in relation to this article,
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ABSTRACT

Background. Endoscopic submucosal dissection (ESD)
has emerged as one of the techniques to successfully resect
large colonic polyps en bloc. Complete resection prevents
the patient from going through transabdominal colonic
resection. We sought to evaluate the proportion of suc-
cessful en-bloc and complete cure en-bloc resection of
large colonic polyps by ESD.

Methods. Studies that use ESD technique to resect large
colonic polyps were selected. Successful en-bloc resection
was defined as resection of the polyp in one piece. Suc-
cessful complete cure en-bloc resection was defined as one
piece with histologic disease-free-margin polyp resection.
Articles were searched in Medline, PubMed, and Cochrane
control trial registry. Pooled proportions were calculated by
both fixed and random-effects model.

Results. The initial search identified 2,120 reference arti-
cles; 389 relevant articles were selected and reviewed. Data
were extracted from 14 studies (n = 1,314) that met the
inclusion criteria, The mean + standard error size of the
polyps was 30.65 + 2.88 mm. Pooled proportion of en-
bloc resection by the random-effects model was 84.91%
(95% confidence interval, 77.82-90.82) and complete cure
en-bloc resection was 75.39% (95% confidence interval,
66.69-82.21). The fixed-effects model was not used
because of the heterogeneity of studies.

Conclusions. ESD should be considered the best mini-
mally invasive endoscopic technique in the treatment of
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large (>2 cm) sessile and flat polyps because it allows full
pathological evaluation and cure in most patients. ESD
offers an important alternative to surgery in the therapy of
large sessile and flat polyps.

Endoscopic submucosal dissection (ESD), which was
pioneered in Japan for the treatment of early gastric can-
cers, has now been applied to the colorectum. ESD has an
advantage over other endoscopic techniques in that it
allows en-bloc removal of large (>2 cm) colonic lesions.
ESD uses an electrosurgical cutting device to purposely
dissect the deeper layers of the submucosa to remove
neoplastic mucosal lesions.

ESD has an advantage over the older technique of
endoscopic mucosal resection in that its effectiveness is not
limited by the size of the lesion or its configuration. Mul-
tiple electrosurgical knives have been used, from a
conventional needle knife to other modified accessories.'™

Adenomas represent the single most important prema-
lignant lesions of the colorectum. Pedunculated adenomas
are easily removed by loop snare. However, this technique
frequently results in piecemeal removal when applied to
sessile and flat polyps.* ESD has been found to be partic-
ularly useful for the removal of sessile or flat adenomatous
lesions.>* En-bloc removal is advantageous because it
allows full histological evaluation of the complete resec-
tion and is associated with a lower recurrence rate when
compared with piecemeal removal.™

With such an important difference in treatment and
prognosis between en-bloc versus piecemeal resection, it is
important to evaluate the proportion of successful en-bloc
and complete cure en-bloc resection of large colonic polyps
by ESD. Because of this inconsistency, as well as the’
clinical importance of ESD for treatment and prognosis, we
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performed a meta-analysis to evaluate the proportion of
successful en-bloc and complete cure en-bloc resection of
large colonic polyps by ESD.

METHODS
Study Selection Criteria

Studies that used the ESD technique to resect large
colonic polyps were selected. Successful en-bloc resection
was defined as resection of the polyp in one piece. Suc-
cessful complete cure en-bloc resection was defined as one
piece with histologic disease-free-margin polyp resection.

Data Collection and Extraction

Articles were searched in the following databases:
Medline (through PubMed, an electronic search engine for
published articles and Ovid), Japanese Language Litera-
ture, PubMed, Ovid journals, Cumulative Index for
Nursing and Allied Health Literature, ACP journal club,
DARE, International Pharmaceutical Abstracts, old Med-
line, Medline nonindexed citations, OVID Healthstar, and
Cochrane Central Register of Controlled Trials (CEN-
TRAL). Both English- and Japanese-language literature
was searched. The search was performed for studies pub-
lished in the years 1966 to June 2008. The search terms
used were ESD, endoscopic submucosal dissection, colon
polyps, lateral spreading tumors, large polyps, nonpolypoid
colon lesions, flat colon polyps, and flat adenomas. Two
authors (S.P. and Y.K.) independently searched and
extracted the data into an abstraction form. Any differences
were resolved by mutual agreement.

Quality of Studies

Clinical trials designed with a control and treatment
arms can be assessed for quality of the study. A number of
criteria have been used to assess this quality of a study
(e.g., randomization, selection bias of the arms in the study,
concealment of allocation, and blinding of outcome).(”7
There is no consensus on how to assess studies without a
control arm. Hence, these criteria do not apply to studies
without a control arm.” Therefore, for this meta-analysis
and systematic review, studies were selected on the basis of
completeness of data and inclusion criteria.

Statistical Methods

This meta-analysis was performed by calculating pooled
proportions (i.., pooled proportion of en-bloc resection
and complete cure en-bloc resection). First the individual

study, proportions of successful resection were transformed
into a quantity by Freeman-Tukey variant of the arcsine
square root-transformed proportion. The pooled proportion
was calculated as the backtransform of the weighted mean
of the transformed proportions; inverse arcsine variance
weights were used for the fixed-effects model, and DerSi-
monian-Laird weights were used for the random-effects
model.®* Forrest plots were drawn to show the point esti-
mates in each study in relation to the summary pooled
estimate. The width of the point estimates in the Forrest
plots indicates the assigned weight to that study. The het-
erogeneity among studies was tested by Cochran’s Q-test
on the basis of inverse variance weights.'® If the P value is
>.10, it rejects the null hypothesis that the studies are
heterogeneous. The effect of publication and selection bias
on the summary estimates was tested by the Begg-
Mazumdar bias indicator.!' Also, funnel plots were con-
structed to evaluate potential publication bias by means of
the standard error and diagnostic odds ratio.'>!*

RESULTS

Initial search identified ‘2,120 reference articles; from
these, 389 relevant articles were selected and reviewed.
Data were extracted from 14 studies (n = 1,314) that met
the inclusion criteria.™ "¢ The search results are shown in
Fig. 1. The mean = standard error size of the polyps was
30.65 4 2.88 mm. There were 1,105 successful en-bloc
resections.

Pooled proportion of successful en-bloc resection by the
random-effects model was 84.91% (95% confidence
interval, 77.82-90.82). The Forrest plot in Fig. 2 depicts
the individual study proportion of successful en-bloc
resection in relation to the pooled estimate, The pooled
proportion for successful complete cure en-bloc resections

Initial search gave
2,120 potential articles

1,731 articles did not
look al staging

Refining search gave
389 relevant articles

376 did not meet
inclusion criteria

14 studies met the
inclusion criteria

7 studies in Japanese
language literature

7 studies in English
language literature

FIG. 1 Search results
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FIG. 2 Forrest plot showing successful en-bloc resection

by the random-effects model was 75.39% (95% confidence
interval, 66.69-82.21). Figure 3 shows a Forrest plot
depicting the individual study successful cure en-bloc
resection in relation to the pooled estimate. The fixed-
effects model was not used because of the heterogeneity of
studies.

Subgroup analysis was performed by grouping studies
according to the study population. This was done because
the expertise required to perform procedures might affect
the outcome. Studies were grouped into two groups: <100
patients and >100 patients. The proportion for successful
en-bloc and successful cure en-bloc resections are shown in
Table 1. The proportions shown in Table | were obtained
by the random-effects model.

Sano, 2004 B 0.500.23.0.77)

Matsuda, 2006 —B— 0.82(0.73, 0.89)
Nakajima, 2006 - = 1.00(0.29, 1.00)
Tanaka, 2006 —a— 0.80 (0.69, 0.89)
Yamegai, 2007 —&—- 0.90(0.81, 0.96)
Fugishiro, 2006 e 0.632 (0.45, 0.79)
Fujishiro, 2006 —@—— 0.34(0.22, 0.48)
Jeong-Sik, 2005 ———f— (.78 (0.52, 0.94)
Onozato, 2007 B 0.70(0.51, 0.85)
Fujishiro, 2007 g 0.71 (0.64,0.77)
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Combined et 0.75 (0.67, 0.82)
0.2 0.4 0.6 08 1.0

Proportion (95% Confidence Interval)

FIG. 3 Forrest plot showing successful complete cure en-bloc
resection

The publication bias calculated by Begg-Mazumdar bias
indicator for successful en-bloc resection gave a Kendall’s
tau b value of —.31 (P = .14), and for successful cure en-
block resection, it was —.16 (P = .38). The funnel plot in
Fig. 4 shows the publication bias for successful cure
en-bloc resection.

DISCUSSION

Most colorectal cancers develop from adenomas. The
risk of high-grade dysplasia and cancer has been found to
increase with the size of the lesion.?” Although traditional
loop snare polypectomy has been found to be effective to
treat large pedunculated neoplasias, its effectiveness in the
therapy of sessile and flat polyps has been disappointing,
frequently requiring piecemeal resection and additional
procedures or therapies.”®*” Surgical therapy of these large
sessile and flat lesions continues to be an important alter-
native to endoscopic therapy, especially in the Western
world.*

Although the procedure was initially developed to treat
early gastric cancers, ESD has been found to be effective in
the therapy of large (>2 cm) benign colorectal neoplastic
lesions and early colorectal malignancy. ESD has an
advantage over traditional loop snare polypectomy and
endoscopic mucosal resection in that its effectiveness is not
constrained by the size of the snare or by the configuration
of the lesion,'”

Our meta-analysis revealed that ESD en-bloc resection
is achieved in 84.91% of lesions, and clear vertical and
lateral margins are achieved in 75.39%. These results
compare well to en-bloc resections achieved by conven-
tional polypectomy snare, which have been reported to be
between 7% and 34% for the treatment of large sessile
polyps.** Our meta-analysis also reveals that experience
with ESD plays an important role in achieving a better en-
bloc resection and en-bloc cure. Studies with >100 lesions
reported a pooled successful en-bloc resection of 87.77%,
and clear vertical and lateral margins were achieved in
79.67%. In studies with <100 lesions, the pooled suc-
cessful en-bloc resection drops to 82.6%, and clear vertical
and lateral margins were achieved in 71.2%.

A limitation of this meta-analysis is that there was
heterogeneity among studies; we thus used the random-
effects model instead of the fixed-effects model. However,
to overcome any potential bias, we looked into the world
literature, which included articles published in Japanese.
We think that our results are a true reflection of the status
of ESD in the therapy of large polyps of the colon.

ESD is an innovative technique for resection of large
nonpedunculated polyps of the colon, and we think that it
should be considered the best minimally invasive
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TABLE 1 Pooled proportion of successful en-bloc and cure en-bloc resection based on study size

Study size No. of studies Successful en-bloc resection, % (95% CI) Complete cure en-bloc resection, % (95% CI)

<100 patients 9 82.60 (66.45-94.22)
>100 patients 5 87.77 (85.55-89.84)

71.23 (57.17-83.46)
79.67 (16.97-82.25)

95% CI, 95% confidence interval

Standard
Error

0 A

0.05 /

0.10 /

0.15

/ 5

03 04 05 06 07 08 09 10 1.1 12
Proportion

FIG. 4 Funnel plot showing publication bias for successful complete
cure en-bloc resection

endoscopic technique in the treatment of large (>2 cm)
sessile and flat polyps because it allows full pathological
evaluation and cure in most patients. In addition,
improvement in techniques and equipment are likely to
improve complete cure en-bloc resection. ESD offers an
important alternative to surgery in the therapy of large
sessile and flat polyps.
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CURRENT STATUS AND FUTURE PERSPECTIVE OF ENDOSCOPIC
TREATMENT FOR COLORECTAL NEOPLASIA

ENDOSCOPIC SUBMUCOSAL DISSECTION IN THE COLORECTUM:
PRESENT STATUS AND FUTURE PROSPECTS
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'Department of Gastroenterology and Hepatology, Okayama University Graduate School of Medicine, Dentistry and
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Endoscopic submucosal dissection (ESD) can successfully resect early stage gastrointestinal tumors, but colorectal ESDs
are not widely performed, even by Japanese endoscopists, because of several negative factors. Besides being considerably
more difficult in terms of technical demands, colorectal ESDs involve a longer procedure time and have a higher compli-
cation rate compared Lo gastric ESDs. In addition, most colorectal lesions are adenomas or intramucosal cancers that despite
their large size that can be curatively treated by endoscopic mucosal resection including piecemeal resection,

There is, however, no doubt about ESD having a major therapeutic advantage in being able to achieve a higher en-bloc
resection rate resulting in enhanced curability and more accurate histopathological assessment. Continued improvement in
the technical skills of endoscopists, further refinement of such devices as electrical surgical knives and a special colonoscope
as well as the development of more effective submucosal injection solutions and new traction systems are expected to
facilitate easier, faster and safer colorectal ESD procedures in the relatively near future.

Key words: colorectum, endoscopic submucosal dissection (ESD), perforation, thin endoscope assisted-ESD (TEA-

ESD), training.

INTRODUCTION

Endoscopic submucosal dissection (ESD) can successfully
resect early stage gastrointestinal tumors en bloc including
large lesions and lesions with submucosal fibrosis and ulcer-
ation scarring.'® The acceptance of ESD for treating early
- gastric cancer has steadily increased in many Japanese
medical centers, but colorectal ESDs are not widely per-
formed by endoscopists in Japan because of a greater level of
technical difficulty, longer procedure times and a higher risk
‘of complications, such as perforations, compared to gastric
I._?‘SDS‘S.!O--IU

This review focuses on the present status of colorectal
ESD, taking into account recent advances as well as future
prospects for this very promising procedure, with continued
improvement in technical skills and further refinement
and development of new endoscopic devices, materials and
techniques.

TECHNICAL ISSUES ASSOCIATED WITH
COLORECTAL ESD

Lack of education and training programs

There are no education and training programs for colorectal
ESD in Japan at the present time. The first author, for
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example, is the only endoscopist currently capable of per-
forming this procedure at his hospital.

Given the increased level of technical difficuity involved in
colorectal ESD and the complete lack of any existing educa-
tion and training programs, it is, therefore, strongly recom-
mended that endoscopists obtain the requisite experience by
performing a sufficient number of gastric ESDs before
attempting colorectal ESD. We recommend at least 20 such
gastric ESDs as a minimum and the initial colorectal ESDs
should be performed in the rectum because rectal lesions are
technically less difficult to treat endoscopically with a lower
risk ot perforation.

Longer procedure time

The reported procedure times for colorectal ESDs have
ranged between 70 and 110 minutes.™" The actual time
required depends on a number of factors, of course, particu-
larly an individual lesion’s characteristics, but it is generally
regarded that colorectal ESD requires more time than gastric
ESD.

The graph in Fig. 1 indicates the relationship between pro-
cedure time and lesion size in our hospital. Although it seems
obvious, the necessity of longer procedure times as lesion size
increased was clearly indicated with a high correlation
coefficient.

Perforation

The narrow angulated lumen and thinner wall in the colorec-
tum make it difficult to control the endoscope and resect
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Fig. 1. Relationship between lesion size and procedure time at
our hospital. The endoscopic submucosal dissection procedure
took longer as lesion size increased, with a correspondingly high
correlation coefficient (0.6386, P < 0.001).

safely during colorectal ESD. Perforation is a serious compli-
cation requiring immediate management especially in the
colorectum because of the greater possibility of peritonitis
due to the presence of fecal fluid.

When colorectal ESDs were initially being performed, the
perforation rate was reported to have been approximately
10%.1" More recent reports from medical centers specializ-
ing in ESDs, however, have indicated better results attribut-
able to improved technical ability and the refinement of new
endoscopic devices and techniques.”

Endoscopic submucosal dissection specialists have also
mastered effective complication management methods such
as the use of endoclips.'’™ Successful endoscopic closure of
perforations and the administration of antibiotics following
ESD procedures have now made it possible to conservatively
treat most patients with perforations, and emergency surgery
has become quite rare.

MINIMIZING NEGATIVE FACTORS

In order to reduce the effect of these negative factors, further
refinement of such devices as electrical surgical knives and a
special colonoscope in addition to the development of
improved submucosal injection solutions and better traction
systems will be necessary.

Combination use of electrical surgical knives

Early ESD pioneers developed various surgical knives, but
most endoscopists now performing colorectal ESD combine
the use of different electrical surgical knives during the actual
procedure. Using a combination of vatious electrical surgical
knives is preferred because it shortens the procedure
time while ensuring a higher level of safety in virtually all
situations,

T URAOKA ET AL.

The combined use of a Flex knife (Olympus Co., Tokyo,
Japan) and a Hook knife (Olympus)*** and a Flush knife
(FTS, Omiya, Japan) together with a Hook knife” have both
been reported previously. We primarily use a bipolar current
needle knife (B-knife, Zeon Medical Inc., Tokyo, Japan),'™
12462t which has been specifically designed so high-frequency
current sent to the muscle layer is reduced for better control
and safer use with the current flowing back from the knife
towards the ‘sheath tip, in combination with an insulation-
tipped knife (IT knife; Olympus) to shorten the procedure
time'™? and/or a Mucosectom (PENTAX Co., Tokyo, Japan)’
for safer dissection of submucosal fibrosis and ulceration scar
tissue with satisfactory clinical treatment outcomes.

Among 137 ESD$ performed between April 2006 and
October 2008 in our hospital, the en-bloc resection rate was
91%., the median procedure time was 75 minutes and the
mean size of resected specimens was 43 mm. Perforations
that occurred in 3% of all cases could be successfully
managed using endoclips without the necessity for surgical
treatment.

Thin endoscope assisted-ESD

We developed a thin endoscope assisted-ESD (TEA-ESD)
traction system to improve direct visualization of the submu-
cosal layer cutting line.! This procedure is performed (Fig. 2)
with a primary gastroscope and a second thinner endoscope,
6.5 mm in diameter, each of which is operated by a different
endoscopist. After a circumferential incision and partial exfo-
liation have been completed, an endoclip is attached to the
edge of the exfoliated mucosa. The thinner endoscope is then
inserted into the lumen and a snare is used to grasp the
positioned endoclip and pull the lesion away from the muscle
layer. Traction direction is easily controlled because of the
flexibility of the thinner endoscope and direct cutting line
visualization is maintained by vetracting the submucosal
layer tissue resulting in a safe dissection.

As a result of improved direct visualization having been
achieved with the TEA-ESD traction system, it is expected
that continued use of this technique will result in both reduc-
ing the perforation rate and shortening the colorectal ESD
procedure time. We are now prospectively performing TEA-
ESDs to remove laterally spreading tumors >20 mm located
in the rectum and sigmoid colon to evaluate the safety and
efficacy of this procedure.

Special colonoscope for colorectal ESD

Recently, a special 10.5 mm-diameter pediatric type EMR/
ESD colonoscope with a water-jet function (PCF-260J1;
Olympus) has become available in Japan facilitating even
safer and more efficient ESD colorectal procedures. This
colonscope’s small caliber, shorter bend at the top and
increased flexibility make it easier to use the retroflex posi-
tion in the narrow colorectal lumen. Water is supplied
through the accessory channel when the endoscopist simply
steps on a foot switch. The waterjet function helps to
improve direct cutting line visualization and identify any
bleeding points without the necessity of taking various
devices like an electrical surgical knife or coagulation forceps

© 2009 The Authors
© 2009 Japan Gastroenterological Endoscopy Socicty
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Fig. 2.

Thin endoscope assisted-endoscopic submucosal dissection (TEA-ESD) Technique. (a) Laterally spreading tumor 50 mm in

diameter located in lower rectum. (b) After submucosal injection, we performed circumferential incision and partial exfoliation. (¢)
Endoclip attached to edge of exfoliated mucosa. (d) Second thinner endoscope inserted into lumen and snare introduced through
working channel grasped endoclip and pulled lesion away from muscle layer. (¢) Thinner endoscope provided sufficient traction. (f)
Thinner endoscope facilitating sufficient traction easily controlled by flexible endoscope. (g) Submucosal dissection safely and
successfully performed by TEA-ESD. (h) Final stage of TEA-ESD. (i) Successful en-bloc resection without complication. (j)
Histopathological diagnosis revealed well-differentiated adenocarcinoma, M, lymphovascular invasion (-) and cut end (-).

in and out during the procedure. Use of this function should
contribute to shorter procedure times and safer submucosal
dissections.

FUTURE PROSPECTS

Further refinements in colorectal ESD devices and tech-
niques are expected to be standardized in the future. Colono-
scopes will have enhanced features such as greater flexibility
and be multifunctional including the ability to release and
retract multiple devices instantly. Control of electrical surgi-
cal knives and traction forceps will also be considerably more
flexible than with the devices currently in use.

In order to assist endoscopists in acquiring the necessary
colorectal ESD skills more efficiently, the development of a
simulation system involving an ESD training model such as
the stomach of a pig is important. Eventually, a robotic
system with remote control of newly developed devices and
techniques may be feasible.

There is no doubt about ESD being a significant advance-
ment in therapeutic endoscopy with the major advantage of
being able to achieve a higher en-bloc resection rate resulting
in enhanced curability and more accurate histopathological

assessment. While still in the developmental stages at the’
present time, it is certainly conceivable that colorectal ESD
could become the standard procedure for treating large
lesions and lesions with submucosal fibrosis and ulceration
scarring as continued advances are made that facilitate
easier, faster and safer procedures in the relatively near
future.
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