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Abstract

AIM: To evaluate the proportion of successful complete
cure en-bloc resections of large colorectal polyps
achieved by endoscopic mucosal resection (EMR).

METHODS: Studies using the EMR technique to
resect large colorectal polyps were selected. Successfui
complete cure en-bloc resection was defined as one
piece margin-free polyp resection. Articles were
searched for in Medline, Pubmed, and the Cochrane
Control Trial Registry, among other sources.

RESULTS: An initial search identified 2620 reference
articles, from which 429 relevant articles were selected
and reviewed. Data was extracted from 25 studies (7
= 5221) which met the inclusion criteria. All the studies
used snares to perform EMR. Pooled proportion of
en-bloc resections using a random effect model was
62.85% (95% CI: 51.50-73.52). The pooled proportion
for complete cure en-bloc resections using a random
effect model was 58.66% (95% CI: 47.14-69.71). With
higher patient load (> 200 patients), this complete cure
en-bloc resection rate improves from 44.19% (95% CI:
24.31-65.09) to 69.17% (95% CI: 51.11-84.61).

CONCLUSION: EMR is an effective technique for

the resection of large colorectal polyps and offers an
alternative to surgery.

© 2009 The WIG Press and Balshldeng All nghs reserved.
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INTRODUCTION

The use of endoscopic mucosal resection (EMR),
pioneered in Japan for the treatment of early gastric
cancer, has expanded to include therapy of other early
gastrointestinal malignancies and pre-cancerous lesions
such as adenomas. At the same time, this technique has
gained acceptance in Europe and in the US, especially
for the treatment of Barrett’s esophagus with high grade
dysplasia' ™. Several variations of the EMR technique
have been devised such as inject-lift-cut, strip biopsy,
suction cup (EMRC), and EMR with a ligating device.

Throughout the world, adenomas of the colorectum
represent the single most important premalignant lesion of
the GI tract. Large (> 2 cm) colorectal polyps have been
found in 0.8%-5.2% of d}nauents undergoing colonoscopies
for different indications™.

Large sessile and flat polyps represent a major technical
challenge to conventional snare resection. Additional
procedures and therapies such as Argon plasma coagulation
are frequently needed to destroy remnant tissue after
resection”™. When these techniques are not used or possible,
patients are frequently referred for surgical resection®.

EMR has been shown to be useful in the removal of
large colorectal sessile and flat lesions”. However, there
are limits to the size of lesions which can be removed
en-bloc with the various EMR techruques with 1.5-2 cm

“generally being the upper limit®”,

En-bloc removal of large polyps is desirable as it
facilitates thorough histological evaluation related to the
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completeness of resection, and is associated with a lower
. 9-14
recurrence rate as compared to piecemeal removal®™'?.

MATERIALS AND METHODS

Study selection criteria

Studies using EMR technique to resect large (> 2 cm)
colorectal polyps were selected. Successful cure en-bloc
resection was defined as one piece removal with tumor-
free vertical and lateral margins.

Data collection and extraction

Articles were searched for in Medline, Pubmed, Ovid
journals, Japanese language literature, Cumulative Index
for Nursing & Allied Health Literature, ACP journal
club, DARE, International Pharmaceutical Abstracts,
old Medline, Medline non-indexed citations, OVID
Healthstar, and the Cochrane Controlled Trials Registry.
The search terms used were EMR, endoscopic mucosal
resection, colon polyps, lateral spreading tumors, large
polyps, nonpolypoid colon lesions, flat colon polyps, and
flat adenomas. Two authors (SP and YK) independently
searched and extracted the data for revising into an
abstracted form. Any differences were resolved by mutual
agreement.

Quality of studies

Clinical trials with a control arm can be assessed for the
quality of the study. A number of criteria have been
used to assess the quality of a study (e.g randomization,
selection bias of the arms in the study, concealment of
allocation, and blinding of outcome)™'%. There is no
consensus regarding 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
based on completeness of data and inclusion criteria.

Statistical methods

This meta-analysis was performed by calculating pooled
proportions, i.e. pooled proportion of en-bloc resections
and complete cure exn-bloc resections. Firstly, the individual
study proportions of successful resections were
transformed into a quantity using Freeman-Tukey variant
of the arcsine square root transformed proportion. The
pooled proportion was calculated as the back-transform
of the weighted mean of the transformed proportions,
using inverse arcsine variance weights for the fixed effects
mode] and DerSimonian-Laird weights for the random
effects model" ™. Forrest plots were drawn to show the
point estimates in each study in relation to the summary
pooled estimate. The width of the point estimates in
the Forrest plots indicated the assigned weight to that
study. The heterogeneity among studies was tested usin
Cochran’s Q test based upon inverse variance weights"”.
If Pvalue was > 0.10, the null hypothesis was rejected that
the studies were heterogeneous. The effects of publication
and selection bias on the summary estimates were tested
by Begg-Mazumdar bias indicator””. Also, funnel plots
were constructed to evaluate potential publication bias
using the standard error and diagnostic odds ratio® 2.

Initial search gave
2620 potential articles

l—————->|2191 atticles did not look at stagingl

Refining search gave
429 relevant articles

————»i 404 did not meet inclusion criterial

25 studies met the
inclusion criteria

17 studies in Japanese
language literature

8 studies in English
language literature

Figure 1 Search resuits.

RESULTS

An initial search identified 2620 reference articles from
which 429 relevant articles were selected and reviewed.
Data was extracted from 25 studies (# = 5221) which
met the inclusion criteria® . The search results are
shown in Figure 1. All the studies used snare to perform
EMR. Two studies used a strip biopsy technique!*,
The mean size of the polyps was 22.48 £ 4.52 mm.
There were 3755 successful en-bloc resections. The study
characteristics are shown in Table 1.

The pooled proportion of en-bloc resections using a
random effect model was 62.85% (95% CIL: 51.50-73.52).
Forest plot in Figure 2A depicts the individual study
proportion of successful er-blor resections in relation to
the pooled estimate. The pooled proportion for complete
cure en-bloc resections using a random effect model was
58.66% (95% CI: 47.14-69.71). Figure 2B shows Forrest
plot depicting the individual study successful cure en-bloc
resections in relation to the pooled estimate. The fixed effect
model was not used because of the heterogeneity of studies.

Subgroup analysis was carried out by grouping studies
accotding to the study population. This was done because
the expertise needed to perform procedures might have
affected the outcome. Studies were categorized into
three groups: < 100 patients, 100-200 patients and >
200 patients. The proportions for successful en-bloc and
successful cure en-bloc resections are shown in Table 2.

The publication bias calculated by Begg-Mazumdar
bias indicator for successful cure er-blo resections con-
cluded that the Kendall’s tau b value was -0.19 (P = 0.17).
The funnel plot in Figure 3 shows that there was no
publication bias for successful cure en-blor resections.

DISCUSSION

Some colorectal cancers develop from adenomas. The
risk of high grade dysplasia and cancer increases with
the size of the lesion. Endoscopic removal of large
(> 2 cm) sessile and flat polyps represents a difficult
challenge for conventional snare resection and they are
frequently managed by piecemeal resection or surgicall 64,
EMR was the definitive procedure in all the collated
studies. The data for complications was not available for
the majority of the studies, so this data was not collected.
EMR s a technique that can be applied to sessile and flat
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Author, yr Instrument used n Type of polyp Technique

1 Matsushita et al™, 2003 Snare 935 No information EMR

2 Tmai ef al®¥, 1999 Snare 30 No information EMR

3 Igarashi et al™, 1999 Snare 884 No information EMR

4 Oka etal™, 2005 Snare 410 Lateral spreading tumor EMR

5 Sano et al®”, 2004 Snare 392 Lateral spreading tumor EMR

6 Hotta et al‘m, 2003 Snare 284 Protrusion 68, flat 213, depressed 3 EMR

7 Matsuda et al™, 2006 Snare 154 IsIsp 33, LST-G 96, NG 25 EMR

8 Yasumoto et al™, 2005 Snare 240 LST-G 180, NG 60 EMR

9 Terai et al*”, 2003 Snare 223 Lateral Spreading tumor EMR

10 Nozaki et al®®, 2006 Snare 198 Ip 3, Isp 34, Is 7, LST-G 85, NG 28 EMR

11 Watari et al®, 1998 Snare 186 Lateral spreading tumor EMR

12 Sugisaka et al®¥, 2003 Snare 162 No information EMR

13 Matsunaga ef nlm‘, 1999 Snare 134 No information EMR

14 Nomura et al®, 2001 Snare 54 No information EMR

15 Kobayashi et al*”, 1999 Snare 131 No information EMR

16 Nakajima ef al™, 2006 Snare 52 No information EMR

17 Cho et al®, 1999 Snare 34 No information EMR

18 Saito et al™, 2001 Snare 170 Lateral spreading tumor EMR

19 Tanaka ef al'™, 2001 Snare with needle spike 81 Lateral spreading tumor EMR

20 Ahmad et al"%, 2002 Snare with suction 41 Colon and rectum EMR

21 Hurlstone ef al*”, 2004 Strip technique of Karita 80 Rectal villous adenoma EMR

22 Hurlstone et al*”, 2005 Strip technique of Karita 62 Rectal villous adenoma EMR

23 Su et al*¥, 2005 Snare with needle spike 152 Colonic nonpolypoid lesions EMR

24 Uraoka et al'*”, 2005 Snare 113 Lateral spreading tumor EMR

25 Kawamura et al*?, 1999 Snare 19 Submucosal invasive colorectal cancers EMR
A cho-1999 —_—— 0.41 (0.25, 0.59) B cho-1999 — 0.41 (0.25, 0.59)
Watari-1998 —i— 0.55(0.47, 0.62) Watari-1998 —- 0.54 (0.46, 0.61)
Tgarashi-1999 ®  0.85(0.83,087) Igarashi-1999 - 0.84 (0.82, 0.87)
Imai-1999 | ——— 0.20 (0.08, 0.39) Imai-1999| —W@—— 0.20 (0.08, 0.39)
Kawamura-1999 ——m— 0.89(0.67, 0.99) Kawamura-1999 ——®— 0.89(0.67, 0.99)
Kobayashi-1999 —®-  0.90(0.84, 0.95) Kobayashi-1999 —8-  0.89(0.83, 0.94)
Matsunaga-1999 —— 0.72(0.63, 0.79) Matsunaga-1999 —— 0.69 (0.60, 0.76)
Nomura-2001 —— 0.46 (0.33, 0.60) Nomura-2001 i 0.44 (0.31, 0.59)
Saite-2001 M 0.99 (0.96, 1.00) Saito-2001 4 0.99 (0.96, 1.00)
Tanaka-2001 — 0.51 (0.39, 0.62) Tanaka-2001 — 0.22 (0.14, 0.33)
Ahmad-2002 -— 0.98 (0.87, 1.00) Ahmad-2002 —1 0.98 (0.87, 1.00)
Hotta-2003 —H 0.57 (0.51, 0.63) Hotta-2003 - 0.56 (0.50, 0.62)
Matsushita-2003 M 0.98 (0.97, 0.99) Matsushita-2003 W 0.96 (0.94, 0.97)
Sugisaka-2003 - 0.91(0.85, 0.95) Sugisaka-2003 —m-  0.85(0.78, 0.90)
Hurlstone-2004 —— 0.28 (0.18, 0.39) Hutlstone-2004 —;— 0.25 (0.16, 0.36)
Sano-2004 -m- 0.49 (0.4, 0.54) Sano-2004 - 0.48 (0.43, 0.53)
Hurlstone-2005 | 0.08 (0.03, 0.18) Hurlstone-2005 | ~l— 0.08 (0.03, 0.18)
Oka-2005 | 0.55 (0.50, 0.60) Oka-2005 - 0.54 (0.49, 0.59)
Su-2005 —- 0.83 (0.76, 0.89) Su-2005 —- 0.82(0.75, 0.88)
Terai-2003 ;—:—— 0.64 (0.57, 0.70) Terai-2003 - 0.59 (0.52, 0.66)
Uraoka-2005 0.64 (0.54. 0.73) Uraoka-2005 —— 0.45 (0.36. 0.55)
Uraoka-2005 —— 0.49 (0.39, 0.58) Uraoka-2005 —— 0.25(0.17, 0.34)
Yasumoto-2005 -»- 0.75 (0.69, 0.81) Yasumoto-2005 —n- 0.74 (0.68, 0.80)
Matsuda-2006 —— 0.29 (0.22, 0.36) Matsuda-2006 —— 0.28 (0.21, 0.36)
Nakajima-2006 —— 0.48 (0.34, 0.62) Nakajima-2006 —a— 0.48 (0.34, 0.62)
Nozaki-2006 —— 0.32 (0.25, 0.39) Nozaki-2006 - 0.32 (0.25, 0.39)
Combined L e | 0.63 (0.52, 0.74) Combined ) L= . 0.59(0.47,0.70)

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Proportion (95% CI) Proportion (95% CI)

Figure 2 Forrest plot showing successful en-bloc (A) and cure en-bloc (B) resection.

lesions. Though initially used for the treatment of early
gastric cancer in Japan, the technique has been expanded
to the therapy of large colorectal neoplasms'™.

This meta-analysis revealed that es-bloc resection was
achieved in 62.85% of lesions and tumor-free vertical
and lateral margins were achieved in 58.6%. These
results compare well to en-bipe resection rates achieved by
conventional polypectomy snare, which have been reported

to be between 7% and 34% for large sessile polyps

6,98

Furthermore, our meta-analysis revealed that
experience performing EMR plays an important role in
achieving a better en-bloc resection and cure en-blor tumor-
free rate. Studies reporting more than 200 lesions removed
reported a 71.39% en-bloc resection of lesions and tumor-
free vertical and lateral margins in 69.17% of cases,
while studies reporting less than a 100 lesions reported a
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Successful cure en-bloc
resection (95% ClI)
44.19% (24.31-65.09)
63.32% (43.50-81.04)
69.17% (51.11-84.61)

No. of  Successful en-bloc

studies resection (95% CI)
<100 patients 9 48.07% (28.36-68.09)

¢ 100-200 patients 9 68.93% (50.39-84.76)
> 200 patients 7 71.39% (52.24-87.20)

Study size

Bias assessment plot
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Figure 3 Funnel plot showing publication bias for successful cure en-bloc
resection.

48.07% en-bloc removal and tumor-free vertical and lateral
margins in 44.19% of cases. This indicates that experience
in the technique of EMR increase the cure en-bloc rate.

In the present meta-analysis we searched the world
literature which included articles published in Japanese
language literature. We believe that our results are a
reasonable reflection of the status of EMR in the therapy
of large colorectal polyps.

EMR is an effective technique for resection of large
colorectal polyps. The technique offers an alternative to
surgery. This meta-analysis shows that the success rate for
en-bloc margin-free resection is not high but improves with
experience. Improvements in techniques and equipment
are needed to increase complete cure er-bloc resection
rates.

COMIMENTS

Background A

Endoscopic mucosal resection (EMR) has emerged as an aftemative to surgery for
the resection of large colorectal polyps. Complete cure with tumor-free lateral and
vertical margins would prevent further therapy. Published data regarding successful
en-bloc resection with lumor-free margins by EMR has been varied
Innovations and breakthroughs

EMR has been shown to be usefu! in the removal of large colorectal sessile
and flat lesions. However, there are limits to the size of lesions which can be
removed en-bloc with the various EMR techniques, with 1.5-2 cm generally
being the upper limit. En-bloc removal of large polyps is desirable as it faciltates
thorough histological evaluation related to the completeness of resection, andis
associated with a lower recurrence rate as compared to piecemeal removal.

Applications

EMR is an effective technique for resection of large colorectal poiyps and
offers an alternative fo surgery. This meta-analysis shows that the success
rate for en-bloc margin-free resection is not high but improves with experience.
Improvements in techniques and equipment are needed 1o increase complete
cure en-bloc resection.

Peer review

The authors evaluated the proportion of successful compiete cure en-bloc

resections of large colorectal polyps achieved by EMR. They found that EMR is
an effective technique for resection of large colorectal polyps. This article is well
written and easy to read.
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Abstract

AIM: To clarify the effectiveness of CO: insufflation in
potentially difficult colonoscopy cases, particularly in
relation to the experience level of colonoscopists.

METHODS: One hundred twenty potentially difficult
cases were included in this study, which involved
females with a low body mass index and patients
with earlier abdominal and/or pelvic open surgery
or previously diagnosed left-side colon diverticulosis.
Patients receiving colonoscopy examinations without
sedation using a pediatric variable-stiffness colonoscope
were divided into two groups based on either CO2 or
standard air insufflation. Both insufflation procedures
were also evaluated according to the experience level
of the respective colonoscopists who were divided
into an experienced colonoscopist (EC) group and a
less experienced colonoscopist (LEC) group. Study
measurements included a 100-mm visual analogue scale
(VAS) for patient pain during and after colonoscopy

examinations, in addition to insertion to the cecum and
withdrawal times.

RESULTS: Examination times did not differ, however,
VAS scores in the CO:2 group were significantly better
than in the air group (P < 0.001, two-way ANOVA)
from immediately after the procedure and up to 2 h
later. There were no significant differences between
either insufflation method in the EC group (P =
0.29), however, VAS scores for CO: insufflation were
significantly better than air insufflation in the LEC
group (P = 0.023) immediately after colonoscopies and
up to 4 h afterwards.

CONCLUSION: CO: insuffiation reduced patient pain
after colonoscopy in potentially difficult cases when
performed by LECs.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Colonoscopy has a high profile because of its increas-
ingly important role in successfully preventing, detecting
and treating colorectal cancer!"?, however, some patients
experience considerable abdominal pain and discomfort
when the procedure is performed using air insuffla-
tion. In particular, the so-called “difficult colonoscopy”

cases{m, which involve female patients with a relatively
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low body mass index (BMI), patients with a history of
abdominal and/or pelvic open surgery and male patients
with diverticulosis, often require prolonged insertion to
the cecum, thus this procedure can cause increased ab-
dominal pain and discomfort for such patients.

Factors accounting for longer examination times
and increased abdominal pain and discomfort can be
derived from both a patient’s condition and the examining
colonoscopist’s skill and experience’. Novice and even
moderately skilled colonoscopists must improve their
technical abilities by gaining experience in successfully
handling difficult colonoscopies to become qualified
experts, as a suitably high-level colonoscopy training
environment has not been established as yet"*"".

CO: insufflation has been reported to reduce patient
abdominal pain and discomfort during and after colo-
noscopies'” %, Although the safety and efficacy of CO2
insufflation during colonoscopies have been assessed in
earlier studies, air insuffiation is still the standard method
due to a lack of suitable equipment and inadequate in-
formation as to when and on whom CO2insufflation
should be used during colonoscopy examinations.

We decided to conduct a prospective randomized
controlled trial to test the hypothesis that CO: insuf-
flation reduces patient abdominal pain and discomfort
during and after colonoscopy examinations in potentially
difficult cases.

MATERIALS AND METHODS

Study protocol

Consecutive patients considered potentially difficult
cases for colonoscopic intubation were included in this
prospective randomized controlled trial which took
place between September 2006 and October 2007. The
aim of this study was to clarify the effectiveness of CO2
insufflation during colonoscopy examinations, with the
primary objectives of assessing both patient tolerance
and the safety of CO: insufflation in these potentially
difficult cases. A secondary objective was to clarify
any differences between the two insufflation methods
in relation to the experience level of the participating
colonoscopists. This study was approved by the Ethics
Committee at Okayama University Hospital.

Patients

Patients considered potentially difficult colonoscopy
cases, based on published information and clinical
experience, were selected, and included females with a
relatively low BMI (BMI < 22}, patients with a history
of abdominal and/or pelvic open surgery, with the
exception of low risk procedures for adhesions such as
appendectomy or hernia repair, and male patients with
previously diagnosed left-side diverticulosis™ .

The indications for colonoscopy examination were
the standard clinical criteria: colorectal cancer screen-
ing, surveillance for polyps, a positive fecal occult blood
test, abdominal symptoms or anemia. Exclusion factors
included severe heart or lung disease, a prior colorectal
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resection, inflammatory bowel disease, severe hemato-
chezia and repeat colonoscopy for therapeutic proce-
dures including polypectomy.

Written informed consent was obtained from each
patient and enrolled patients were randomly divided into
two groups for colonoscopy examinations using either
CO:2 or standard air insufflation. Group allocation for
both patients and colonoscopists was performed by
specially assigned nurses using standard randomization
lists which contained consecutive patient numbers. Each
number was linked to one of the two study groups for
allocation purposes. These lists were not accessible by
the participating colonoscopists.

Colonoscopy using CO: insufflation

Patients underwent bowel preparation with sodium pico-
sulfate the day before their examinations and two liters
of polyethylene glycol solution-containing lavage the
morning of their colonoscopies. Scopolamine butylbro-
mide (20 mg) was administered intramusculatly to sup-
ptess bowel movement, while patients with cardiac dis-
ease or benign prostatic hypertrophy received glucagon
(1 TU) intramuscularly. Patients were not sedated, al-
though midazolam (2-3 mg, iv) was administered based
on the examining colonoscopist’s judgment or when
requested by the patient due to abdominal pain or dis-
tension. Examinations were performed using a pediatric
variable-stiffness colonoscope (PVSC) with a distal tip
diameter of 11.3 mm (PCF-Q260AI, Olympus Co, To-
kyo, Japan).

Procedures were randomly performed by eight
colonoscopists who had earlier been divided into two
groups according to their colonoscopy experience: four
highly experienced colonoscopists (EC) group each of
whom had been in colonoscopy practice for over 10 years
(TU, JK, KT and SH), and four less experienced
colonoscopists (LEC) group with 5-7 years of colonoscopy
practice during which each had performed 900-1500
colonoscopies (MK, SI, KH and HE).

If an examining colonoscopist from the LEC group
failed to pass through the sigmoid-descending colon
junction within 15 min or a patient complained of
severe pain, a colonoscopist from the EC group replaced
the initial examiner before midazolam was administered
and continued insertion to the cecum. When such a
case involved a colonoscopist from the EC group as the
initial examiner, a more experienced member of the EC
group would continue the procedure. After reaching the
cecum, the initial examiner proceeded with withdrawal
of the colonoscope.

A “complete colonoscopy” was defined as successtul
insertion to the cecum bottom or terminal ileum.
Insertion to the cecum and withdrawal time was recorded
for every colonoscopy.

CO: insuffiation and monitoring system

CO2 was administered using a commercial CO2 regulator
(Gas Regulator, Crown, Model FR-IIS-P; Yutaka
Engineering, Tokyo, Japan) connected to a CO:2 bottle.
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Assessed for eligibility
(n = 130)
Refusal (7 = 10)
Randomized
(n = 120) Exclusion (7 = 6)
Poor bowel preparation (7 = 3)
Incomplete colonoscopy (7 = 1)
Fﬁ—_l Incomplete questionnaire (7 = 2)
CO insufflation Air insufflation

(7 =57) (n=57)

Figure 1 Patient flow chart.

The regulator delivered CO:z at the rate of 2 L/min. COz2
and air insufflations were used in a blind fashion both to
patients and colonoscopists with full-day colonoscopy
sessions randomly assigned CO: or air insufflation to
avoid unblinding caused by set-up changes between
patients.

CO: partial pressure was continuously measured us-
ing a transcutaneous CO: monitoring system (TOSCA
500; Radiometer Basel AG, Switzerland). Processed
transcutaneous COz readings (PtcCO2) correlate closely
with directly obtained arterial blood gas results!*'". Sen-
sors were attached to a patient’s ear lobe with a monitor-
specific clip. A colonoscopy assistant recorded readings
and an independent observer monitored gas readings to
avoid potential serious side effects. CO2 insufflation was
stopped immediately if PtcCO: registered > 60 mmHg
during any colonoscopy examination.

Pain and discomfort measurement

A 100-mm visual analogue scale (VAS) consisting of a
horizontal line 100 mm in length was used for measuring
patient abdominal pain and discomfort (0 mm = painless,
100 mm = extremely painful)'®. Patients recorded the
pain level experienced upon reaching the cecum bottom,
immediately following their examinations and 30 min, 1,
2, 4 and 6 h afterwards. The VAS score was the distance
measured to the nearest millimeter from the left end of
the line to the point of the patient’s mark.

Another member of the medical staff, who did not
know how the procedures were performed, interviewed
the patients 30 min after completion of their colonos-
copies. A questionnaire was then given to the patients to
take home to complete as instructed at intervals of 1, 2,
4 and 6 h and the completed forms were then mailed to
the hospital the following day. The completed question-
naires were subsequently mailed to our medical office.
No follow-up phone calls were made as 98% of all ques-
tionnaires were promptly returned.

Statistical analysis

A preliminary pilot study was conducted to estimate the
SD in pain measurements. With an assumed SD of 19 mm,
the study sample size was calculated at 110 patients in
order to have an 80% power with two-sided o levels of
0.05 to detect any differences in VAS scores between

the two insufflation groups (= 10 mm was considered
clinically important). :

The outcomes for our secondary objective to clarify
any differences between the two insufflation methods
in relation to the experience level of participating colo-
noscopists were analyzed on an intention-to-treat basis,
given the fact that a number of the initial examining '
colonoscopists were replaced during the insertion phase
of the procedure. Statistical comparisons were made
using chi-square and Fisher’s exact tests. ANOVA was
used for repeated measures statistical analysis of pain.
Some variables were not distributed normally, thus the
Wilcoxon rank sum test was applied for supplementary
analysis to compare groups at each measurement point.
Statistical analyses were performed using Prism version
5.0 (GraphPad Software, San Diego, CA, USA) and JMP
version 6.3 (SAS Institute, Cary, NC, USA). A P value <
0.05 was considered significant.

RESULTS

Baseline characteristics

A total of 130 patients were asked to participate and 120
consenting patients were randomized into two groups
prior to their colonoscopy examinations (Figure 1). Three
poor bowel preparation patients were not included and
one (0.85%, 1/117) incomplete intubation patient in the
air insufflation group with a history of abdominal and
pelvic open surgery, whose examination was performed
by an EC, was not submitted for consideration. Com-
pleted questionnaires were received from 98% of the 116
remaining patients, thus a final total of 114 patients (68%
female/32% male) were analyzed in this study. Exactly
half or 57 patients were examined using COz insufflation
and the other 57 patients were examined with air insuf-
flation. There were no significant differences in baseline
patient characteristics including eligibility criteria for po-
tentially difficult cases between the two groups (Table 1).

Outcome measures comparing CO: and air insufflation
groups
There were no significant differences in procedure times
including intubation, withdrawal and total time between
the two groups (Table 2). Midazolam was administered to
two patients (4%0) in each group. There were no instances
of PtcCO2 > 60 mmHg in the CO:z insufflation patients
ot any procedure-related complications in either group.
Figure 2 shows the mean VAS scores during and
after colonoscopy examinations. VAS scores in the
CO:2 insufflation group were significantly better than
those in the air insufflation group (P < 0.001, ANOVA
for repeated measures). The overall mean difference
was 5.3 mm (95% CI: 3.5-7.1, P < 0.001). Comparison
by nonparametric analysis at each measurement point
produced results favoring CO:2 insufflation immediately
following the examinations and up to 2 h afterwards. The
maximum mean difference of 9.2 mm (95% CIL: 0.4-18.0,
P = 0.0049) was recorded 30 min after the examinations.
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CO:z group  Air group P value
(n=57) (n=257)
Median age, yr (IQR) 65 (59-73) 62 (47-71) 0.107
Females . 39 (68) 38 (67) 1.00
Eligibility criteria for difficult
cases'
Females with relatively low 35 (61) 36 (63) 0.133
BMI (< 22)
Previous abdominal and/or 41(72) 37 (65) 0.546

pelvic open surgery

Males with previously diagnosed 6 (11) 2(4) 0.271

left-side diverticulosis
One or more previous

16 (28) 15 (26) 1.00

colonoscopies

'Some patients had more than one difficult case factor. IQR: Interquartile
range; BMI: Body mass index.

CO:2 group Air group P value
(n =57) (n = 57)
Patients receiving 54 (95) 56 (98) 0.616

antispasmodic drug (%)

Median total procedure

time, min (IQR)
Insertion to cecum
Withdrawal

225(17.9-29.6) 223(163-43.9) 0.734

103 (6.5-16.6)
11.9 (10.1-13.6)

9.6(5.8-162)  0.601
12.0(9.8-142)  0.986

EC group LEC group P value
(n = 53) n = 61)
Median total procedure  19.5(15.3-25.8)  23.8(19.2-34.5)  0.005
time, min (IQR)
Insertion to cecum 7.7 (6.1-13.2) 12.5 (7.0-18.9) 0.036
Withdrawal 10.9(10.0-13.0)  12.5(10.2-15.1) 0.003
Examiner replaced 1 5 0.213
during intubation

EC: Experienced colonoscopist; LEC: Less experienced colonoscopist.

Subgroup analysis
Based on the subgroup analysis relative to experience
level of the participating colonoscopists, we evaluated
53 patients (46%) in the EC group and 61 patients (54%)
in the LEC group. There were no significant differences
in eligibility criteria for potentially difficult cases between
the two groups, however, the EC group achieved insertion
to the cecum significantly faster, while withdrawal and
total procedure times were also significantly shorter
than those in the LEC group (Table 3). The number of
replacements by another colonoscopist was larger in the
LEC group (5) than in the EC group (1), however, there
was no significant difference between the two groups.
Figure 3 shows the mean VAS scores for 27 CO:
insufflation patients and 26 air insufflation patients during
and following colonoscopy examinations performed by
the EC group. There were no significant differences in
the mean VAS scores between the two patient groups
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Figure 2 Mean VAS scores at corresponding measurement points during
and after colonoscopy examinations in COz and air insuffiation groups.
VAS scores for COz insufflation were significantly better than those for air
insuffiation (°P < 0.001, ANOVA for repeated measures). °P < 0.05, °P < 0.01
vs the COz2 group at each measurement point by Wilcoxon rank sum test. VAS:
Visual analogue scale.
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Figure 3 Mean VAS scores at corresponding measurement points during
and after colonoscopy examinations for experienced colonoscopists (EC
group) in CO2 and air insufflation groups. There were no significant differences
in VAS scores between the two insufflation groups for EC group (P = 0.29,
ANOVA for repeated measures).

(P=0.29, ANOVA for repeated measures). A comparison
of the two patient groups at each measurement point
also revealed no significant differences. The maximum
mean difference of 6.5 mm (95% CI: -3.7-16.6, P = 0.207)
occurred 30 min after the examinations.

In the LEC group, 30 CO: insufflation patients were
evaluated along with 31 air insufflation patients. The
mean VAS scores in the CO: insufflation group were
significantly better than those in the air insufflation
group (P = 0.023, ANOVA for repeated measures)
(Figure 4). The overall mean difference was 7.5 mm
(95% CI: 4.9-10.0, P < 0.001). A comparison of the two
groups by nonparametric analysis at each measurement
point produced results favoring CO:2 insufflation from
immediately after the examinations up to 4 h later
with the maximum mean difference of 11.6 mm (95%
CI: 3.4-19.8, P = 0.006) occurring 30 min after the
examinations.

DISCUSSION

The increase in patient abdominal pain and discomfort
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Figure 4 Mean VAS scores at corresponding measurement points during
and after colonoscopy examinations for less experienced colonoscopists
(LEC group) in CO:z and air insufflation groups. VAS scores for CO2
insufflation were significantly better compared to air insufflation for LEC group
(*P = 0.023, ANOVA for repeated measures). °P < 0.05, °P < 0.01 vs the CO2
group at each measurement point by Wilcoxon rank sum test.

often encountered in difficult colonoscopy examination
cases is a concern that needs to be satisfactorily resolved
by colonoscopists. In this study, we successfully demon-
strated the clinical effectiveness of CO:z insufflation in
potentially difficult colonoscopy examination cases. We
also clarified the efficacy of CO:z mnsufflation for LECs
compared to highly ECs.

CO:2 with its characteristic rapid rate of absorption
into surrounding tissue has been reported to be more
suitable than atmospheric air in various clinical set-
tings!*'%. In fact, several randomized trials have shown
‘that COz insufflation reduced post-colonoscopy ab-
dominal pain and discomfort compared to conventional
air insufflation in ambulatory settings. Bretthauer ez a/™
demonstrated that CO:2 insufflation was not only effec-
tive, but also safe during colonoscopies in patients receiv-
ing conscious sedation. Saito er 2/ introduced the use of
CO: insufflation during lengthier colorectal endoscopic
submucosal dissections in patients receiving conscious se-
dation. Their results demonstrated the effectiveness and
safety of COz insufflation as well as a resultant reduction
in total dosage of midazolam. CO:2 insufflation has also
been applied in endoscopic retrograde cholangiopancrea-
tography (ERCP)*® and endoscopic dilatation therapy us-
ing a double balloon endoscope™. There have been few
detailed investigative reports on the use of CO:z insuffla-
tion during difficult colonoscopy cases. In addition, the
effect of the relative experience of colonoscopists using
COz insufflation has not been previously analyzed.

This study validated our theory that CO:z insufflation is
more effective than air insufflation in potentially difficult
colonoscopy cases with the comparative difference
for the two procedures being particulatly discernable
between LECs and ECs. Colonoscopy is a technically
demanding procedure requiring considerable instruction
and on-the-job experience for optimal performance. A
suitable training program and sufficient opportunities to
improve practical skills in a clinical setting are essential
for beginners as well as colonoscopists with a moderate
degree of experience! ™",

November 7, 2009  Volume 15 Number 41

Difficult colonoscopy examinations performed by
LECs require additional time as do ERCP and thera-
peutic endoscopic procedures, and can cause patient ab-
dominal pain and discomfort both during the procedure
and afterwards. The results of our study demonstrated a
difference not only in intubation times, but also in with-
drawal and overall examination times according to the
experience of the participating colonoscopists. Avoiding
prolonged insufflation especially during insertion, how-
ever, might have led to similar results in the LEC group
concerning the clinical effectiveness of CO: in reducing
patient pain and discomfort.

Lee ef a/” recommended that trainees perform over
150 examinations in a colonoscopy training program to
be technically competent for diagnostic colonoscopy. Our
results revealed significant differences in examination
times and patient abdominal pain and discomfort after
colonoscopy between the EC and LEC groups. The four
colonoscopists i the LEC group had each performed
a minimum of 900 colonoscopies, thus the question
arises as to whether a minimum of 150 cases referred to
in the report by Lee above, is sufficient for conducting
examinations in potentially difficult colonoscopy cases.

A recent study in Ontario, Canada analyzed factors
associated with incomplete colonoscopies based on the
following settings: an academic hospital, a community
hospital and private medical offices. The incomplete
colonoscopy rate was highest in private offices with an
odds ratio increase of more than three-fold™, thus intro-
ducing CO: insufflation may be particularly useful in re-
ducing patient complaints in non-hospital environments.
We refrained from using novice colonoscopists in this
study because of the formidable nature of potentially
difficult colonoscopy cases. Such novices should only
conduct difficult colonoscopies after gaining the neces-
sary experience performing routine colonoscopy exami-
nations.

A number of techniques and devices have reportedly
been effective in reducing patient abdominal pain and
discomfort during difficult colonoscopies, improving
the rate of successful insertion to the cecum, shortening
insertion time to the cecum and reducing the dosage of
sedatives™ including the use of a pediatric colonoscope™,
variable stiffness colonoscope®™, gastroscope®™, double
balloon endoscope®™” and hood attached to the top of the
colonoscope®. A PVSC featuring both variable stiffness
on demand and a thin diameter was used in our trial.
Previously, this instrument was shown not to be superior
to adult or standard pediatric colonoscopes™ . However,
there have been reports that use of the PVSC made it
possible to complete colonoscopies that would have been
much more difficult or impossible to perform using an
adult colonoscope, including patients who had undergone
hysterectomies™" and patients with diverticular disease
and severe stenosis® .

There was only one case (0.85%) of incomplete in-
sertion to the cecum in our study and just four (3.5%)
patients required sedation. Complete screening colonos-
copy without sedation or with on-demand sedation in
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academic medical centers has been reported to be in the
88%-99% range™"9, with the optimum intubation rate
obtained using a PVSC. In this study, the PVSC more
than likely contributed to the impressive successful intu-
bation rates and reduction in pain during insertion to the
cecum achieved in both groups, as well as the favorable
intubation times for each group. In several studies per-
formed by ECs at academic medical centers, insertion to
the cecum times varied between 7-13 min for colonos-
copies performed without sedation or with on-demand
sedation™%. Our median intubation times of 7.7 and
12.5 min for ECs and LECs, respectively, were in line
with these earlier reports.

In conclusion, we clearly demonstrated the clinical
effectiveness of CO: insufflation in potentially difficult
colonoscopy examination cases performed without
sedation. We also successfully clarified the efficacy of
CO: insufflation for LECs.
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potentially difficult colonoscopy examination cases performed without sedation.
The procedure that was followed also clarified the efficacy of CO2 insufflation
for less experienced colonoscopists {LEC) particularly in comparison to more
experienced colonoscopists.

Applications

The use of CO2 insufflation can be incorporated into existing and future
colonoscopy training programs in order to further improve the technical skills of
colonoscopists.

Peer review

The authors successfully demonstrated that COz insuffiation with its rapid rate
of CO2 absorption and improved efficacy reduced palient pain in potentially
difficult cases particularly when colonoscopy examinations were performed by
LECs.
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- methods for early-stage squamous
“the anal canal successfully resect-
opic submucosal dissection

Although anal canal squamous cell carci-
noma (ACSCC) is quite rare, it can be rec-
ognized clearly using iodine staining [1].
Early-stage esophageal squamous cell car-
cinoma (SCC) has recently been diagnosed
using both narrow-band imaging (NBI) [2]
and autofluorescence imaging (AFl) [3].
Here we report on the first case of early-
stage ACSCC diagnosed by NBI and AFI
and treated successfully by endoscopic
submucosal dissection (ESD).

A 70-year-old woman was referred to our
hospital for treatment of ACSCC. Conven-

g = £ . *y ¥
4 3 S Ei gy 4 ML T

tional colonoscopy (PCF-Q240Z, Olympus Fig.1 Conventional colonoscopy showed a slightly protruded lesion (white circle) measuring
' approximately 10 mm in the lower rectum close to the dentate line.

Optical Co., Tokyo, Japan) revealed a
slightly protruded lesion approximately
10mm in size and located close to the
dentate line (© Fig. 1). The superficial mi-
crovessels of the lesion were examined by
white light and NBI systems with magni-
fication (© Fig.2), and appeared similar
to esophageal intraepithelial papillary ca-
pillary loops (IPCLs) [4]. The AFl image
was purplein color (© Fig. 3d), and the le-
sion was unstained following iodine stain-
ing. NBI, AFl, and iodine staining images
were similar to those of esophageal SCC
(e Fig.3) [3,4].

An endoscopic diagnosis of carcinoma in
situ was made because of the [PCL-like mi-
crovessels; ESD was performed (© Fig. 4)
[5] because the location of the lesion
caused technical difficulties in achieving
an en-bloc endoscopic mucosal resection.
Histopathological analysis of the resected
specimen revealed SCC, with microin-
vasion of 0.4 mm but no lymphovascular
invasion (© Fig.5). Chemoradiation ther-
apy, with a dose-reduction of 25%, was
carried out because of the microinvasion. Lty : LRt
A follow-up colonoscopy performed 23 Fig.2 a,b Magnified conventional white light views of the mildly protruded lesion showed dilatation,
months later revealed the ESD scar weaving, and elongation of intraepithelial papillary capillary loops (IPCL)-like microvessels. ¢,d Magni-
(© Fig.6), and the biopsy specimen was fied narrow-band imaging colonoscopic views clearly showed dilatation, weaving, and elongation of
negative for malignancy. IPCl-like microvessels.

Endoscopic diagnosis of ACSCC and an ac

curate prediction of invasion were both

based on similarity to esophageal IPCLs.  patient quality of life; it is possible, there- ~ Endoscopy_UCTN_Code_TTT_1AQ_2AD
En-bloc ESD of early-stage ACSCC fol-  fore, that this could become a standard

lowed by chemoradiation therapy result-  treatment protocol in the future for early-

ed in a successful treatment and better  stage ACSCC.
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Fig.4 Pictures of the endoscopic submucosal dissection procedure.
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Fig.5 aResected specimen (10 x40 mm). Orange lines indicate mucosal (m) cancer areas. The red
line indicates the submucosal (sm) invasion area. b Hematoxylin and eosin staining. ¢ Original magni-
fication of black square shown in b (x 80). The submucosal invasion was 0.4 mm, estimated by the
putative line extending from the muscularis mucosa of the colorectal mucosa.

Fig.6 The follow-up pictures of colonoscopy after endoscopic submucosal dissection and chemo-
radiation therapy. a Conventional colonoscopic view. b Close-up conventional colonoscopic view.

¢ lodine-stained chromoendoscopic view. The resection area is shown as iodine-stained. d Magnified
chromoendoscopic view. The resection was iodine-stained, and there were no abnormal IPCl-like
microvessels.
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IV. X8 EMR - ESD O&IS (Fig. 2)
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Fig. 1

Optical Imagé Enhanced Endoscb‘py (IEE)
Using NBI System and AFI System

Narrow Band Imaging (NBI) Autofluorescence Imaging (AFI)
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72 (p < 0.001). EMR/EPMR #OBZEAICE L T, AR - B o, e < ,
T DENEHET 94% (31/33) ST TH - 7275, 14 VL #i L WAL —E T Y SV (Fig. 4)
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LT EETH o 72,

P 18M4R4%E | Narrow Band Imaging (NBI) < HR A
8% . Autofluorescence Imaging (AFI) & \» o 72 A1H4E A5
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Uraoka T, Saito Y, et al. Gut 2006
Fig. 2

EMR & ESD O AERE

—20 mm B EOMRE - RHHE © EBIREH—

EMR/EPMR
228
Cases (EPMR: 154) 145
Tumor Size 28.2+79 37.0 +14.1
{mean £ SD: mm) (20-25) (20-140)
Follow-up Duration 13.4+7.9 11.1+7.9
(mean * SD: Month) (6-40) (6-44)
(median: Month) 12 6
En-bloc Resection 74 (33%) 122 (84%) p<0.001
33 (14%) 3(2%) p<0.001
Recurrence Rate EMR: 2 (3%), EPMR: 31 (20%) i En-bloc: 0 (0%), Piecemeal: 3 (13%)
Complications: Perforation 3(1.3%) 9(6.2%) p<0.001
Delayed Bleeding 7 (3.1%) 2 (1.4%) N.S
Operation Time
(mean * SD: min) 29.0+24.8 108.7+7.1 p<0.001
(3-120) (15-360)
2003. 1-2006. 12: National Cancer Center Hospital
Fig. 3
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