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Abstract

AIM: To assess the results of endoscopic mucosal re-
section with a ligation device (EMR-L) combined with
three dimensional endoscopic ultrasonography (3D-
EUS) using an ultrasonic probe for rectal carcinoids. In
addition, diagnosis of the depth and size of lesions by
EUS was evaluated.

METHODS: Between January 2003 and March 2007,
20 patients underwent EMR-L with 3D-EUS using an
ultrasonic probe (group A). 3D-EUS was combined with
EMR-L at the time of injection of sterile physiological
saline into the submucosal layer. For comparison, 14
rectal carcinoids that had been treated by EMR-L with-
out 3D-EUS between April 1998 and December 2002
were evaluated as historical controls (group B). EUS
was conducted for all of the patients before treatment
to evaluate tumor diameter and depth of invasion.
The percentage of complete resection and the verti-
cal resection margin were compared between the two
groups.

RESULTS: The depth of invasion upon histopathologi-
cal examination was in complete agreement with the
pre-operative findings by EUS. The tumor diameter de-
termined by EUS approximated that found in the tissue
samples. There were no significant differences in the
gender, tumor sites or tumor diameters between the
two groups. The rate of complete resection for groups
A and B was 100% and 71%, respectively (P < 0.05).
The vertical resection margin of group A was longer
than that of group B.

CONCLUSION: EMR-L is effective as an endoscopic
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treatment for rectal carcinoids. In combination with
3D-EUS, safe and complete resection is further as-
sured.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Recent progress in colonoscopy has facilitated the diag-
nosis of many rectal carcinoids at an early stage. Rectal

carcinoids < 1 cm in diameter and a depth of invasion
to the submucosal layer are adequately treated by local
excision!"™,

Conventional snare polypectomy or endoscopic
mucosal resection (EMR) often result in unsatisfactory
complete resection of colonic carcinoids™**. Although
various methods, including EMR with a ligation device
(EMR-L), have been developed, problems still remain.
We developed a resection technique of EMR-L combined
with three-dimensional endoscopic ultrasonography
(B3D-EUS) using an ultrasonic probe, to confirm accurate
injection of saline into the submucosal layer beneath the
tumor, for more assured resection. The current study
was conducted to evaluate the efficacy of EMR-L in
combination with 3D-EUS for endoscopic resection of
rectal carcinoids, compared with EMR-L alone.

MATERIALS AND METHODS
Between April 1998 and March 2007, 36 cases (36 le-
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Figure 1 EMR-L combined with 3D-EUS using an ultrasonic probe. A:
Endoscopic view of rectal carcinoid; B: 3D-EUS was performed at the same
time as saline injection into the submucosal layer; C: Aspiration of the tumor
into the ligation device; D: Tumor ligated with the elastic band; E: Snaring below
the elastic band; F: Ulcer after resection.

sions) of rectal carcinoid underwent colonoscopy, and
their histopathological appearance was thoroughly exam-
ined at our institution. Following observation by conven-
tional colonoscopy, EUS was performed to determine
the depth of invasion, tumor size and possible metasta-
sis to the surrounding lymph nodes. To rule out distant
metastasis, the procedures were followed by abdominal
ultrasonography or CT examination. Those with hepatic
metastases, or a complication with severe ulcerative coli-
tis (one case each), were treated surgically. The subjects
of the current study were the remaining 34 patients with
a tumor diameter < 10 mm and a tumor depth that
reached the submucosal layer, who underwent EMR-L.

Between January 2003 and March 2007, 20 patients
underwent EMR-I. combined with 3D-EUS using an
ultrasonic probe (group A). For comparison, 14 patients
with rectal carcinoids treated by EMR-L alone between
April 1998 and December 2002 were included in this
study as historical controls (group B).

EMR-L, conducted according to Motohashi 7 al™,
was performed as follows: using a small-diameter colo-
noscope (CF-SV, Olympus. Tokyo Japan) with a liga-
tion device for the treatment of esophageal varices,
physiological saline was injected into the submucosal
layer. After aspirating as much lesion as possible into
the ligation device, the tumor was ligated with an elastic
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Figure 2 EUS image of rectal carcinoid (radial and linear image). A: Carcinoid
was imaged as a low-echoic region with a depth of invasion to the third layer, i.e.
the submucosal layer; B: Image upon saline injection into the submucosal layer.
The tip of the injection needle was located beneath the tumor in the submucosal
layer; C: Image after saline injection into the submucosal layer. The injected
saline was imaged as a low-echoic area beneath the tumor in the submucosal
layer.

band. The section immediately below the elastic band
was constricted by snare wire and resected using a high-
frequency cutting current.

3D-EUS was combined with EMR-L at the time of
injection of sterile physiological saline into the submu-
cosal layer (Figure 1). Specifically, one channel of the
two-channel colonoscope (CF-2T230, Olympus) was
used for the saline injection, while the 3D ultrasono-
graphic probe (UM-DP20-25R, 20 MHz; Olympus) was
inserted through the other channel for scanning. At the
time of saline injection, the tip of the injection needle
was inserted while observing the ultrasonic radial and
linear images, so that it would be located in the middle
of the submucosal layer beneath the tumor. By recog-
nizing the rise of the tumor caused by the injection and
the adhesion of a hyper-echoic band directly beneath
it, the tumor and its dissociation from the muscularis
propria were confirmed (Figure 2). We used water-filling
methods during EUS examination. For image process-
ing, software for a three-dimensional image display (MA]
1330, Olympus) was used. For observation of the im-
ages, dual plain reconstruction was employed. We com-
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Figure 3 Comparison between EUS-determined and histopathologically
measured tumor diameter.

pared tumor diameter and depth, determined by EUS,
and the complete resection rate and vertical margin be-
tween the two groups.

All resected samples were stained with hematoxylin-
eosin for histopathological diagnosis. When the tumor
tissue was exposed at the deeper edge of the resected
sample, or when evaluation of this section was not pos-
sible due to thermal degeneration, a judgment of “posi-
tive at the edge” was made. If adhesion of the normal
submucosal layer was noted at the lower section of the
tumor, it was classified as “negative at the edge”. The
major axis was measured and recorded as the tumor di-
ameter. The vertical margin was defined as the distance
between the tumor and the edge of the specimen. We
considered that the vertical margin of positive cases was
0 um.

Following treatment, the patients were followed-up
with colonoscopy, EUS and abdominal CT for 6 mo im-
mediately following the treatment, and yearly thereafter.

For statistical analyses, the measured variables were
expressed as mean * SD. For group comparisons, the
test, Fisher’s exact test and Mann-Whitney U test were
conducted. A corrected P < 0.05 was considered to indi-
cate statistical significance.

RESULTS

The EUS diagnosis before treatment determined that
the tumor had reached deep into the submucosal layer
in all 34 subjects. Histopathological examination also
found tumor involvement in the submucosal layer in all
cases, which demonstrated 100% diagnostic accuracy
of EUS. A strong correlation was noted between EUS-
determined and histopathologically measured tumor
diameters (Figure 3). The two findings were very similar,
with the difference between them being < 1 mm in 29
patients (85%) (Table 1).

When two groups were divided according to the
method of treatment, there were no significant differ-
ences in age, gender or site of involvement and tumor
diameter. Group B included four patients with “positive
at the edge” and 10 with “negative at the edge,” with the
rate of complete resection being 71%. All 20 subjects in
group A were “negative at the edge” and the complete re-
section rate was significantly higher when compared with
that in group B (Table 2). Mean tumor diameters between
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Table 2 Comparative evaluation and complete resection rate

of both groups

Group A Group B P

(n = 20) (n =14) value
Gender (M/F) 11/9 6/8 NS
Age (mean * SD) 58.7+8.7 57.3+11.3 NS
Location (Rb/Ra) 14/6 11/3 NS
Tumor diameter, 6.1+23 59+23 NS
mm (mean * SD)
Complete resection rate, 100 (0) 714 (4) <0.05

% (cut edge positive)

NS: No statistical significance demonstrated.

positive and negative at the edge in group B were 5.3 *
1.7 mm and 6.7 £ 2.3 mm. Cases with incomplete resec-
tion were found in group B, regardless of tumor diameter.
Mean vertical margin of group A was 1 231 £ 120.87 um
and that of group B was 634 + 147.13 ym.

No procedure-related complications, such as hemot-
rhage and perforations, were found in either group.

Two patients had severe renal failure and another two
did not agree to additional surgery. Therefore, the cases
that were “positive at the edge” in group B underwent
additional endoscopic treatment by conventional EMR
and argon plasma coagulation. None of the additional
resected specimens included tumor cells. No local recur-
rence or lymph node or hepatic metastases were noted
in either group during a mean observation period of
48.7 mo.

DISCUSSION

The word carcinoid was first proposed by Oberndorfer
in 1907". Currently, carcinoids are characterized as slow-
growing malignant neoplasms[g], which are epithelial tu-
mors composed of endocrine cells with a unique histo-
logical pattern. In Japan, carcinoids of the digestive tract
are frequently seen in the colorectal region, especially in
the rectum, within 10 cm from the dentate line!". With
the advancement and mounting popularity of colonos-
copy, carcinoid of the digestive tract is being discovered
more frequently.

In deciding on treatment for rectal carcinoids, the
presence of metastases to lymph nodes or other organs
is important. If the tumor is located in the muscularis
propria, the rate of lymph node metastasis increases''".
When the tumor diameter is < 10 mm, the lesion has
most often reached as far as the submucosal layer. For
lesions with a diameter < 10 mm, the metastatic rate is
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significantly lower than for those lesions with diameters
= 11 mm"?. Therefore, for those lesions with a diameter
of < 10 mm and a depth that reaches the submucosal
layer, local incision, especially endoscopic treatment, is
frequently selected.

EUS is useful for measuring the diameter or depth
of rectal carcinoids. Carcinoids are imaged by EUS as a
low echoic region with a clear surrounding area. It has
been said that the tumor diameter determined by EUS
rarely differs from the actual measurement' . The ca-
pacity of EUS to depict the intramural structure is out-
standing, and its usefulness in determining tumor depth
has already been widely recognized™'". The accuracy
of the pre-operative depth determination was 100% in
the current study.

In endoscopic resection of rectal carcinoids, the
complete resection rate for standard snare polypectomy
ot EMR is often low'"". Therefore, various innovations
have been made for complete resection. Resection using
a two-channel scope[3’17], aspiration lurnpectorny[lg'm], and
EMR-L have been utilized and their efficacy has been re-
ported[7’21’22]. Ono ¢ al have applied EMR-L to fourteen
patients[zz] and Sakata ¢ o) to eight, and all resulted in
complete resection, which testifies to the efficacy of the
method.

At our institution, prior to 1998, we resected rectal
carcinoids by conventional polypectomy or using a two-
channel scope, and EMR-L was adopted in 1998. We
had initial success in complete resection in all cases™,
therefore, total complete resection rate has increased.
But as the number of cases treated in this manner has
increased, we have experienced a few cases with positive
margin.

Aspiration lumpectomy can be used for resection
from the deep submucosal layer™. By adding a liga-
tion process with the aid of an elastic band, in theory,
EMR-L should be able to reliably and safely resect the
lesion and submucosal layer. Motohashi ¢# a/ have stated
that a sufficient quantity of saline injected into the sub-
mucosal layer results in safe ligation and resection'”. Ono
et al have reported that the vertical resection margin is
greater using the EMR-L technique, however, there are
still certain cases that exhibit positive margins regard-
less of the tumor diameter. It seems that these positive
margins are due to technical factors. Moon ez a/ have
reported a procedure in which a snare device is left un-
der the elastic band, so that the lesion can be ligated to
include the deeper submucosal tissue and be resected
more completely™.

We believed that the accurate injection of saline into
the submucosal layer beneath the tumor is necessary to
elevate it upward, achieve effective ligation of the base
of the lesion, and to resect the deep submucosal layer.
Therefore, 3D-EUS was utilized to assist with the proce-
dure at the time of the saline injection. While observing
radial and linear ultrasonic images in real time, we objec-
tively confirmed the insertion of a puncture needle into
the middle section of the submucosal layer beneath the
tumor, injection of physiological saline, elevation of the
tumor, adhesion of a high-echoic band directly beneath

the tumor, and dissociation from the muscularis propria.
The lesion was constricted with a snare and resected. All
the patients for whom EMR-L was combined with 3D-
EUS exhibited negative margins, and compared with
those without 3D-EUS, the rate of complete resection
was significantly higher. This procedure tended to pro-
vide a deeper vertical resection margin.

There have been reports that confirm the dissocia-
tion of tumor from the muscularis propria by two-di-
mensional EUS (2D-EUS) during endoscopic treatment
of submucosal tumors” ", The state of rectal carcinoid
following a local injection may be confirmed by 2D-
EUS"". When 2D-EUS is employed, the scope or probe
must be moved while scanning to observe the entire
lesion. Thus, a local saline injection to the submucosal
layer cannot be conducted simultaneously with ultrason-
ic observation of the lesion. By employing 3D-EUS, on
the other hand, both radial and linear images may be ex-
amined in real time while the injection is being adminis-
tered. In this manner, the location of the tip of the local
injection needle can be instantly confirmed or corrected.
Furthermore, the state of the tumor being raised follow-
ing the injection can be analyzed in three dimensions,
which proves the efficacy of 3D-EUS.

Onozato et al have reported the use of endoscopic
submucosal dissection (ESD) for rectal carcinoids™.
However, the indication criteria for endoscopic treat-
ment for rectal carcinoids included size < 10 mm, and
there is currently no significant difference between ESD
and EMR-L for small rectal carcinoids in terms of com-
plete resection rate. In the present study, the number
of patients who underwent EMR-L with and without
3D-EUS was small, and the volume of injection was not
compared between the two groups. This is a limitation
of our retrospective study. Further studies are required
to assess the volume of injection, long-term recurrence
and patient survival. Also, the difference between ESD
and EMR-L combined with 3D-EUS needs to be further
evaluated.

EMR-L is significantly beneficial for endoscopic
resection of rectal carcinoids. With the aid of 3D-EUS
during the procedure, safe and complete resection is as-
sutred.
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COMMENTS

Background

Recent progress in colonoscopic examination has facilitated the diagnosis of
many rectal carcinoids at an early stage. Conventional snare polypectomy or
EMR often yields unsatisfactory results in terms of complete resection of co-
lonic carcinoids.

Research frontiers

Various endoscopic treatments for colonic carcinoids were demonstrated.
Innovations and breakthroughs

EMR-L is as effective as endoscopic treatment for rectal carcinoids. In combina-
tion with 3D-EUS, safe and complete resection is assured.
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Applications

Further studies are required to assess long-term recurrence and patient surviv-
al, and the difference between ESD and EMR-L combined with 3D-EUS needs
to be further evaluated in a prospective study.

Terminology

EMR-L is endoscopic mucosal resection with a ligation device. 3D-EUS is
three-dimensional endoscopic ultrasonography.

Peer review

This very interesting study assessed the results of EMR-L combined with 3D-
EUS using an ultrasonic probe for rectal carcinoids. When comparing EMR-L
with and without 3D-EUS, the volume of injection should be compared between
the groups.
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