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Table 2 Clinical characteristics of patients

EMR/EPMR ESD p-Value
Number of lesions 228 (74/154) 145
Pathology 71151 45/100 NS
(Adenoma/M-SM1; %) (34%166%) (31%/69%) NS
Macroscopic type 80/114/34/0 5/63/71/6
(Is/LST-G/LST-NG/recurrence®) (35%/50%/15%10) (3%/43%149%/4 %) <0.0001
Location (Rt/Lt/rectum) 89/52/110 44/28/73
Tumor size (mean + SD) 28 £ 8 mm 37 £ 14 mm 0.0006
(range) (20-95 mm) (20-140 mm)
Age (mean =+ SD; years) 64 + 4 64 £+ 11 NS

* Recurrence included local recurrence after EMR and residual tumor after incomplete en bloc resection

4 9

EMR pic mucosal s EPMR pic pi 1 muco:
SM submucosal; LST-G laterally spreading tumor granular type; LST-NG

SD standard deviation; NS not significant

Table 3 Clinical outcomes

sal resection; ESD endoscopic submucosal dissection; M intramucosal;
laterally spreading tumor nongranular type; Rt right colon; Lt left colon;

EMR/EPMR ESD p-Value
Number of lesions 228 (74/154) 145
Endoscopic follow-up times (mean + SD; number) 24+ 16 20£1.1 NS
(range) (1-8) (1-5)
Endoscopic follow-up periods (mean £ SD; months) 26 =17 20+ 13 NS
(range) (6-68) (6-61)
En bloc resection (%) 74 (33%) 122 (84%) <0.0001
Recurrence rate (%) 33 (14%) 3 (2%) <0.0001
En bloc/piecemeal recurrences 2/31 0/3
Complications
Perforation 3(1.3%) 9 (6.2%) NS
Delayed bleeding 7 (3.1%) 2 (1.4%) NS
Procedure time (mean + SD; min) 29+ 25 108 +£ 7 <0.0001
(range) (3-120) (15-360)

EMR endoscopic mucosal resection; EPMR endoscopic piecemeal mucosal resection; ESD

deviation; NS not significant

carcinomas was 69% in the ESD group and 66% in the
EMR group (p = NS) (Tables 2 and 3).

Local recurrences rates

There were only three cases (2.1%) of local recurrence in
the ESD group during a mean endoscopic follow-up period
of 20.0 £+ 12.9 months (range 6-61 months). In compari-
son, local recurrence occurred in 14.5% (33/228) of the
lesions in the EMR group during a mean endoscopic fol-
low-up period of 25.9 & 17.0 months (6-68 months). All
three recurrences in the ESD group had previously been
resected on a piecemeal basis and each recurrence required
one additional EMR. Each of these recurrences was diag-
nosed histologically as a tubular adenoma and curative
resections were achieved for all three. The 33 recurrences
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in the EMR group involved 2/74 (2.7%) en bloc resections
and 31/174 (17.8%) piecemeal resections (Table 3).
Twenty-six of the 33 EMR recurrent cases were success-
fully treated by one additional EMR with the other seven
cases needing two sessions of repeat EMR. Two EPMRs
required surgery because of invasive recurrence (Fig. 4A-
F) while a third piecemeal resection also required surgery
because of technical difficulty in performing another
EMR despite the intramucosal nature of that particular
recurrence.

Duration of recurrence detection
Mean duration of recurrence detection was 6 months

(2-18 months) in the EMR group and 6 months (4-
6 months) in the ESD group (Table 3).
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Fig. 4 A This case originally involved a large LST-G lesion >3/4 in
circumference. B Magnified colonoscopy using 0.05% crystal violet
staining revealed a noninvasive pattern on the large nodule. C An
EPMR consisting of more than ten pieces finally resected the entire
lesion. Histology revealed an intramucosal carcinoma without any
evidence of lymphovascular invasion or a poorly differentiated

Early and late complications

Perforations occurred in 9 out of 145 patients (6.2%) in the
ESD group, which was higher compared with the perfo-
ration rate of 1.3% (3/228) in the EMR group (p = NS).
None of the 12 perforations was delayed and all of them
were successfully treated endoscopically using endoclips
and managed conservatively.

Minor delayed bleeding occurred in two patients (1.4%)
in the ESD group and seven (3.1%) patients in the EMR
group (p = NS), but all nine cases were successfully
managed conservatively using endoclips with no blood
transfusions or additional procedures necessary (Table 3).

Procedure times

The procedure time for ESDs was 108 + 71 min (15-
360 min) compared with 29 £ 25 min (3-120 min) for
EMRs, resulting in a significantly shorter procedure time
for the EMR group (p < 0.0001) (Table 3).

Discussion
This study is, to the best of our knowledge, the first to

compare clinical outcomes for colorectal ESD with EMR/
EPMR including mid-term follow-up.

component so we followed this patient closely without surgery. D The
third follow-up colonoscopy after 18 months revealed no recurrence.
E A fourth follow-up was performed 1 year later, at which time a
submucosal tumor-like recurrence was found 1 cm from the original
EPMR scar. F Surgery was performed on this lesion and histology
revealed the recurrence of an invasive cancer

For many years, conventional EMR and surgery were
the only available treatments for large colorectal tumors,
even those detected at an early stage. Conventional EMRs
usually resulted in EPMRs particularly for large LSTs
>20 mm with reports of local recurrence rates ranging
from 7.4% to 17% [8, 12, 32]. Most of those recurrences,
however, received repeated endoscopic treatment with
excellent results regarding preservation of the colorectum
[32].

In our series, the introduction of ESD enabled us to
effectively treat large colorectal tumors that were LST-
NGs and carcinomas, resulting in higher en bloc resection
and curability rates compared with conventional EMR.
EPMR also was effective in treating many LST-Gs
>20 mm, with only three cases requiring surgery after such
piecemeal resections, including two invasive recurrences
cases. Those two cases were originally diagnosed histo-
logically as intramucosal carcinomas without lymphatic or
vascular invasion, but both recurrences consisted of inva-
sive carcinomas. We suspect that each case may have
originally involved either sm invasion or lymphatic inva-
sion that was not diagnosed histologically because of the
increased difficulty in assessing a piecemeal resection.
Based on our results, therefore, EPMRs must be performed
carefully and close follow-up is required in the event that
additional treatment becomes necessary because accurate
histological evaluation can be difficult or impossible in
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such cases. As an alternative, greater consideration should
be given to either ESD or laparoscopic surgery rather than
EPMR.

Conventional EMRs in this study had an overall local
recurrence rate that was similar to in previous reports [12,
33]), as en bloc resection cases resulted in a low recurrence
rate of 3%, but piecemeal resections had a considerably
higher recurrence rate of 20%. In contrast, ESDs resulted in
a significantly higher en bloc resection rate and, conse-
quently, a significantly lower recurrence rate. In those
ESDs in which en bloc resections were not achieved,
however, the local recurrence rate was approximately 13%,
which was much closer to the local recurrence rate for
EPMRs. According to our findings, EPMR resulted in a
higher recurrence rate compared with ESD, although
EPMR produced results similar to those of ESD in relation
to preservation of the colorectum.

In this study, we conducted follow-up examinations on
patients 6 month after EPMRs and 1 year after EMR en
bloc resections, regardless of the lateral margin findings.
This was based on our preliminary data [33] indicating that
EPMR recurrences were more frequent compared with
EMR en bloc resection recurrences and most such EPMR
recurrences occurred within 6 months. This current study
once again confirmed that most EPMR recurrences were
detected after the first 6 months, so such recurrences could
continue to be successfully treated endoscopically, sup-
porting the propriety of our follow-up program after EPMR.

As for complications, the perforation rate in the ESD
group was 6.2%, which was considerably higher than the
1.3% perforation rate in the EMR group, although there
was no statistical difference between the two groups. In
other reported series, the perforation rates for colorectal
ESDs [8, 27, 28] and EMRs [42] ranged from 1.4% (1/71)
t0 5.5% (11/200) and 0.31% to 0.93%, respectively, which
were similar to our results. The target lesions for ESD in
this study, however, were large LSTs that would have been
treated by surgery in the past because of the technical
difficulty [43]. In fact, the mean tumor size was signifi-
cantly larger in the ESD group compared with the EMR
group so conventional EMRs performed on such lesions
undoubtedly would have resulted in a higher complication
rate for the EMR group.

All perforation cases were successfully treated conser-
vatively without surgery by endoscopic clipping. As a
result, the perforation rate of 6.2% in the ESD group was
considered to be acceptable, although further instrument
improvements and technique refinements will both be
necessary to reduce the perforation rate. The delayed
bleeding rate was relatively low in both groups, but par-
ticularly in the ESD group, probably because small vessels
were coagulated during the ESD procedure.
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Considering the additional procedure time and increased
cost of ESD devices, it would be difficult to standardize the
colorectal ESD procedure on a widespread basis at the
present time. We currently select lesions with more serious
indications for colorectal ESD that would otherwise be
treated surgically. Such ESD patients usually are dis-
charged from the hospital sooner than if surgery had been
performed, resulting in reduced medical costs.

Finally, the long-term efficacy of colorectal ESD needs
to be established by evaluating an extended follow-up
period, although ESD certainly appears to be a feasible
alternative to conventional EMR, particularly for certain
kinds of colorectal cancers. This study was not a random-
ized controlled trial, however, and eligibility criteria for the
two endoscopy procedures were sometimes unclear for
different kinds of lesions. It will be necessary, therefore, to
prospectively assess the clinical outcome comparison
between ESD and EMR for large colorectal tumors in the
future. Another limitation of this study that may have been
a source of bias was the exclusion of 40% of the total
EMR/EPMR cases from our analysis because follow-up
colonoscopy examinations were not carried out at NCCH
or could not be ascertained by us.

In conclusion, ESD was selected more often for treating
large colorectal tumors because it provided higher en bloc
resection and curability rates compared with EMR despite
the longer procedure time and higher perforation rate
associated with ESD. All ESD perforations, however,
could be successfully managed by conservative endoscopic
treatment. EMR effectively treated many large colorectal
tumors, and only three cases required surgery after EPMRs;
such procedures should be carefully performed because it
can be more difficult and occasionally impossible to make
an accurate histological evaluation, meaning that close
follow-up is required in the event that additional treatment
is necessary in such cases.
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Abstract

Herein we describe an early colonic carcinoma which
developed in a colonic interposition 14 years after
surgery for esophageal cancer, which was successfully
treated by endoscopic submucosal dissection (ESD). An
80-year-old man underwent colonic interposition between
the upper esophagus and stomach after surgery for
an early esophageal squamous cell carcinoma in 1994.
He received a surveillance endoscopy, and a laterally-
spreading tumor of granular type, approximately 20 mm
in size, was identified in the colonic interposition. An
endoscopic biopsy revealed moderately differentiated
adenocarcinoma histologically, however, we diagnosed
the lesion as an intramucosal carcinoma based on
the endoscopic findings. The lesion was safely and
completely removed en bloc by ESD using a bipolar knife.
Histologically, the lesion was an intramucosal moderately
differentiated adenocarcinoma in a tubular adenoma.
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INTRODUCTION
Although rarely reported, adenoma and adenocarcinoma
can occur as a late complication in colon segments used to
replace the esophagus. Herein, we desctibe an eatly colonic
carcinoma which developed in a colonic interposition
14 years after surgery for esophageal cancer, which was
successfully treated by endoscopic submucosal dissection

(ESD).

CASE REPORT

An 80-year-old man underwent colonic interposition
between the upper esophagus and stomach after surgery
for an eatly esophageal squamous cell carcinoma (T1,
NO, MO, stage I according to the TNM classification) in
1994. He received an esophagogastroduodenoscopy for
surveillance and a laterally-spreading tumor of granular
type (LST-G), approximately 20 mm in size, was identified
in the colonic interposition. On conventional view, 2

January 21, 2010 | Volume 16 | Issue 3 |
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| Table ‘i Summary of reported cases of neoplasia arising int a colonic interposition

large, reddish nodule was detected in the lesion. With
magnifying narrow-band imaging (NBI) observation, the
lesion revealed a caFillary pattern type II according to
Sano’s classification”, and a type IV pit pattern according
to Kudo’s classification was detected under magnifying
chromoendoscopy using 0.4% Indigo carmine dye

(54
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Figure 1 A laterally-spreading tumor
of granular type (LST-G) in the colonic
interposition was shown at colonoscopy.
Narrow-band imaging with magnification
revealed a capillary pattern type I.
Magnifying chromoendoscopy using 0.4%
indigo carmine revealed a type IV pit pattern.
A: Conventional view; B: Narrow-band imaging
with magnification; C: Chromoendoscopy
with 0.4% indigo carmine; D: Magnifying
chromoendoscopy using 0.4% indigo carmine
dye spraying.

Figure 2 Histologically, the resected
specimen showed an intramucosal
adenocarcinoma in a tubular ade-
noma. Cross sectional view (HE,
magnification x 5).

spraying”. An endoscopic biopsy was taken from the
large nodule and a histological diagnosis of moderately
differentiated adenocatcinoma was established, however,
we diagnosed the lesion as an intramucosal catcinoma
based on the above endoscopic findings (Figure 1). Thus,

the lesion was considered a good candidate for endoscopic

January 21, 2010 | Volume 16 | Issue 3 |
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resection. The lesion was safely and completely removed
ex ble by ESD using 4 bipolar kife (B-knife® XEMEX
Co. Ltd. Tokyo, japan) . Histologically, the lesion was an
intramucosal moderately differentiated adenocarcinoma
in a tubular adenoma. Lateral and vertical margins of the
specimen were negative. There was no lymphatic and
venous invasion (Figure 2). The patient was hospitalized
for 6 d after ESD to confirm the absence of complications
such as delayed perforation, and was then discharged.

DISCUSSION

Despite the fact that many interposition grafts are
performed for malignant esophageal disease, to the
best of our knowledge, there have only been 10 re-
ported cases, including four adenomatous polyps and
six adenocarcinomas, arising in a colonic interposition
(Table 1)®"), Because the sizes of the adenomatous pol-
yps in the reported cases were small, they were treated
with polypectomy. Reoperation or chemoradiotherapy
was performed in patients with cancers. Therefore, this
is the first case of an early adenocarcinoma in a colonic
interposition resected by ESD.

We performed ESD instead of endoscopic mucosal
resection (EMR) in this case, as the lesion was not well-
elevated even after submucosal injection of glycatol This
phenomenon is the so-called “non-lifting sign positive”
as determined by Uno e a/'%. As our endoscopic diag-
nosis of an intramucosal carcinoma was established with
magnifying NBI and chromoendoscopy, submucosal
benign fibrosis rather than desmoplastic reaction created
by invasive cancer was considered to cause the non-lifting
sign positive. EMR for the lesion with the non-lifting sign
positive may result in incomplete resection or unfavorable
complications such as colonic perforation. During ESD,
hyaluronic acid was additionally injected into the submu-
cosal layer and a transparent hood was attached to the
tip of the scope for better submucosal dissection". To
reduce deep burn to the muscle layer, we used a bipolar
knife instead of a monopolar knife. To reduce operating
time, we used a bipolar snare to remove the lesion after
adequate dissection. These efforts enabled us to com-
pletely and safely remove the lesion en bloc without com-
plication. Furthermore, the patient’s colonic interposition

was reconstructed using the subcutaneous route, and thus

the risk of mediastinitis even if petforation occurred was
lower than that if reconstructed substantially.

Despite the fact that many interposition grafts are
performed for malignant esophageal disease, few reports
of adenocarcinoma arising in a colonic interposition have
been reported. It is commonly thought that patients who
have esophageal malignancy carry a dismal prognosis,
and few of these patients will survive long enough to
develop colonic adenocarcinoma. However, with recent
progress in chemotherapy, many patients have long-
term survival. Almost all case reports presenting with
adenoma or adenocarcinoma arise five ot more yeats
after colonic interposition surgery, and there ate only two
case reports where adenoma or adenocarcinoma in the

es
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colonic interposition has arisen 1 or 2 years after surgery
(Table 1). In out case, adenocarcinoma in a tubular adenoma
was detected 14 years postoperatively. Colonoscopic

screening is usually performed before colonic interposition.
However, Heresbach e af'¥ reported an overall miss rate of
23.4% in the colonoscopic detection of neoplasia including
both adenomas and colotectal cancers. Therefore; we
recommend upper endoscopic screening within 1 year of
colonic interposition and periodic surveillance, as lesions
may be detected early and removed safely by endoscopy
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Abstract

Background The authors have reported that carbon
dioxide (CO,) insufflation is safe and effective for lengthy
endoscopic submucosal dissection (ESD) with the patient
under conscious sedation. However, CO, monitoring has
not been assessed to clarify whether partial pressure of
carbon dioxide (PCO,) increases during this type of long
procedure. This study aimed to monitor CO, before, dur-
ing, and after ESD to investigate whether CO, insufflation
is safe for patients receiving a lengthy ESD of early
colorectal neoplasia under conscious sedation.

Methods This study prospectively enrolled 35 consecu-
tive patients who underwent ESD at the National Cancer
Center Hospital. Transcutaneous PCO, (PtcCO,) was
measured with a noninvasive sensor before, during, and
after ESD for patients under conscious sedation using
midazolam.

Results The mean size of removed lesions was
44 + 22 mm (range, 15-100 mm). The operation time was
90 £ 100 min (range, 15-600 mm). The dose of midazo-
lam was 5.7 & 4.0 mg (range, 2-19 mg). The mean
PtcCO, was 41 = 5 mmHg (range, 33-53 mmHg) before
ESD and 44 + 6 mmHg (range, 32-54 mmHg) afterward.
The mean peak PtcCO, during ESD was 55 + 7 mmHg
(range, 39-78 mmHg), which was significantly higher
than before or after ESD (p < 0.0001). However, no
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complication associated with CO, insufflation such as CO,
narcosis, gas embolism, or arrhythmia needing treatment
was seen in any of the cases.

Conclusions This study suggests that CO, insufflation is
safe for patients receiving a lengthy colorectal ESD under
conscious sedation.

Keywords Carbon dioxide insuffiation -
Endoscopic submucosal dissection -
Transcutaneous measurement of PCO,

Carbon dioxide (CO,) insufflation is reported to reduce
patient pain and abdominal discomfort during and after
colonoscopy [1, 2]. The safety and efficacy of CO, insuf-
flation during colonoscopy also has been assessed previ-
ously [3-5].

On the other hand, endoscopic submucosal dissection
(ESD) is a novel and minimally invasive treatment for
early gastrointestinal neoplasia [6]. However, even if per-
formed by an expert, this therapeutic procedure often
requires more than 1 or 2 h for the removal of a superficial
colorectal tumor 40 mm or larger. For such long thera-
peutic procedures, if air insufflation is applied, a consid-
erable amount of air enters the colonic lumen, causing
severe intra- and postoperative abdominal discomfort or
pain.

We have previously conducted a case~control study to
show that CO, insufflation is safe and effective for colo-
rectal ESD [7]. In the previous study, however, the arterial
partial pressure of CO, (pCO,) was measured only before
and after ESD and showed no significant increase in CO,
after ESD. It still is unknown whether CO, increases sig-
nificantly during ESD. Furthermore, sedatives used during
ESD also may cause hypoxemia and hypoventilation,

@ Springer



2232

Surg Endosc (2010) 24:2231-2235

resulting in CO, retention [8]. Therefore, to determine
whether CO, insufflation is safe during ESD, we conducted
this study to monitor CO, throughout ESD.

Recently, a new sensor for combined assessment of
pulse oximetry oxygen saturation (SpO,) and transcutane-
ous measurement of PCO, (PtcCO,) has been introduced
(TOSCA monitor; Linde Medical Sensors, Basel, Swit-
zerland). In the current study, we used this machine for
continuous monitoring of ventilation because it provides a
simple and noninvasive technique.

Patients and methods
Patients

This study enrolled 35 consecutive patients between Feb-
ruary 2006 and November 2006 at the National Cancer
Center Hospital (NCCH) in Tokyo. All ESD procedures
were performed by two highly experienced colonoscopists
(Y.S., T.U.). Patients with severe chronic occlusive pul-
monary disease, severe heart disease (New York Heart
Association [NYHA] classification 3 or 4), and known CO,
retention were excluded from the study. Furthermore,
arterial blood gas was measured for all patients before
ESD, and the patients with abnormal levels of arterial
blood gas were excluded from this study.

The ethics committee of the NCCH approved the study
protocol. Written informed consents were obtained from all
the studied patients before the ESD procedures.

Methods
Endoscopic procedures

The procedures were performed using Olympus video col-
onoscopes (OLYMPUS MEDICAL SYSTEMS, CORP.,
Tokyo, Japan). Carbon dioxide was administered using a
CO, regulator (UCR; OLYMPUS MEDICAL SYSTEMS,
CORP., Tokyo, Japan) connected to the endoscope supply
tube by means of a “quick lock” connector, and a flow
indicator provided visual confirmation that CO, was being
delivered.

During the procedures, CO, was constantly set at 1.5 I/
min. All the patients were prepared for colonoscopy with 2 to
3 1 of polyethylene glycol-electrolyte solution administered
the morning of examination day. To avoid bowel movement,
scopolamine butylbromide (10 mg) or glucagon (0.5 mg)
was administered intravenously (IV) for patients with no
contraindication before examination. In all cases, midazo-
lam (2 mg, IV) was used before insertion of the colonoscope.
In addition, 2 mg was given repeatedly when necessary
based on each endoscopist’s judgment. To delineate the
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margin of the lesions before their removal, 0.4% indigo
carmine dye spraying was performed (Fig. 1A, B).

A circumferential incision in the mucosa was made with
a bipolar needleknife (B-knife) (XEMEX Co., Tokyo,
Japan) after a submucosal injection of glycerol (Chugai
Pharmaceutical Co, Ltd, Tokyo, Japan) [6]. Thereafter, a
sodium hyaluronate solution was injected into the submu-
cosa layer to lift the lesion, and the thickened submucosal
layer was cut with a B-knife and an insulation-tip knife (IT-
knife) (OLYMPUS MEDICAL SYSTEMS, CORP.,
Tokyo, Japan) (Fig. 1C, D). The operation time was
recorded for all the patients.

Tr CO, monitoring

Transcutaneous PCO, (PtcCO,) was measured with a
noninvasive sensor (TOSCA Monitor) for combined
assessment of pulse oximetry oxygen saturation (SpO,) and
PtcCO, in this study (Fig. 2) [9]. This fully digital sensor
comprises the basic element of a Severinghaus-type PCO,
sensor and the basic elements of a pulse oximeter sensor.

The sensor was attached to the ear lobe using an adhe-
sive holder that integrates a reflective element positioned
onto the inner surface of the ear lobe to allow transmissive-
reflective pulse oximetry with red-infrared absorption
analysis of the arterial pulse signal. The sensor temperature
is selectable in a range of 37-45°C in steps of 0.5°C using
two independent circuits to provide a safe and reliable
control with an accuracy of +0.2°C.

For this study, we used the default temperature setting of
42°C to improve local arterialization and to accelerate CO,
diffusion. Measurement of PtcCO, is based on the fact that
CO, diffuses through body tissues and can be detected by a
sensor with a gas-permeable membrane at the skin surface.

Statistical analysis

All the variables in this study are described as mean +
standard deviation. The t-test was used to compare the
continuous variables of PtcCO, assessed before, during,
and after ESD. All statistical analyses were performed by
using SAS version 8.0 (SAS Institute Inc, Cary, NC, USA).
The p values were two-sided, and those less than 0.05 were
used to determine statistical significance.

Results

In this study, 35 patients (20 men and 15 women; mean
age, 65.4 years; range, 32-85 years) with 35 lesions
underwent ESD. The mean tumor size was 44 + 22 mm
(range, 15-100 mm). All the tumors were resected en bloc
by ESD. The mean dosage of midazolam was 5.7 & 3.5 mg
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Fig. 1 A A laterally spreading
tumor (granular type) detected
in the sigmoid colon. B After
0.4% indigo-carmine dye
spraying, the margin of the
lesion was delineated, and the
size was estimated
endoscopically to be 75 mm. C
The scope, retrofiexed in the
sigmoid colon, showed that the
lesion was completely removed
without complication by
endoscopic submucosal
dissection (ESD) using the B-
knife and IT knife. D The
resected specimen fixed by 10%
formalin was 80 mm in size.
Histologically, the lesion was an
intramucosal carcinoma in
adenoma, which was completely
removed by ESD

Fig. 2 TOSCA monitor (Linde Medical Sensors, Basel, Switzerland)

during the procedure. The median operation time was
90 min (mean, 100 min; range, 15-600 min). The clinico-
pathologic details are summarized in Table 1. No delayed
bleeding, perforation, or other complication associated with
ESD was observed in any of the cases in this study.

Transcutaneous CO, monitoring

The mean PtcCO, value before ESD was 41 + 5 mmHg
(range, 33-53 mmHg). The mean PtcCO, value after ESD
was 44 + 6 mmHg (range, 32-54 mmHg). The mean peak
PtcCO, was 55 £ 7 mmHg (range, 39-78 mmHg), which
was significantly higher than the mean PtcCO, values

Table 1 Clinicopathologic characteristics of the resected patients

No. of cases 35

20/15

654 + 19.4 (32-85)
44 + 22 (15-100)
90 =+ 100 (15-600)
5.7 £4.0 (2-19)

Gender (male/female)

Mean age: years (range)

Tumor size: mm (range)
Operation time: min (range)
Dose of midazolam: mg (range)
Tumor location

Right colon 17
Left colon 13
Rectum 5

before and after ESD (p < 0.0001). Although, the PtcCO,
peak value exceeded 60 mmHg in three cases, no com-
plication associated with CO, insufflation such as CO,
narcosis, gas embolism, or arrhythmia that needed treat-
ment was seen in any of the cases. The trends of PtcCO,
during ESD are shown in Fig. 3 (Table 2).

Discussion

The current study is, to the best of our knowledge, the ﬁfst
study to monitor CO, throughout ESD and subsequently
show that CO, insufflation during ESD does not lead to a
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Fig. 3 The trends of transcutaneous partial pressure of carbon
dioxide (PtcCO,) during endoscopic submucosal dissection (ESD)

Table 2 Transcutaneous partial pressure of carbon dioxide (PtcCO;)
monitoring before, during, and after endoscopic submucosal dissec-
tion (ESD)

Mean PtcCO, before ESD: mmHg (range)
Peak PtcCO, during ESD: mmHg (range)
PtcCO, after ESD: mmHg (range)

41 £ 5 (33-53)
55 £ 7 (39-78)
44 £ 6 (32-54)

clinically significant rise in the PtcCO, level, even for
patients receiving conscious sedation. The importance of
perioperative monitoring of pulmonary gas exchange is
undisputed. Pulse oximeter (measurement of SpO,) is a
reliable and standard method for monitoring oxygenation,
but it frequently is necessary to determine PCO, as well to
assess the respiratory status of the patient, especially when
CO, insufflation is used.

In the current study, we used a miniature combined
SpO,/PCO, sensor (TOSCA monitor) for the continuous
and noninvasive measurement of oxygenation and CO,
tension that can be applied at the ear lobe. Transcutaneous
measurement of PCO, is based on the fact that CO, gas can
diffuse through body tissue and skin and be detected by a
sensor at the skin surface [10]. Moreover, measurements of
PtcCO,, obtained with this device are shown to have a good
correlation with arterial CO, values [11]. Corrected
PtcCO, measurements correlate well with PaCO, values in
virtually all clinical conditions, and typically are higher by
5-6 mmHg. The difference is attributable to skin metabo-
lism and arteriole-cellular CO, difference [12, 13].

Insufflation of CO, into the colon could lead to arterial
CO, retention and subsequent acidosis because CO, acts as
an acid in the human body [14, 15].Theoretically, the
development of severe acidosis can subsequently lead to
cardiac arrhythmia and circulatory collapse. Furthermore, it
is well known that sedatives can lead to impaired respiration
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(hypoventilation and hypoxemia), causing changes in PCO,
and other metabolic parameters [8]. Carbon dioxide insuf-
flation is reported to be safe for patients undergoing
colonoscopy under conscious sedation. However, compared
with diagnostic colonoscopy, ESD is a much longer pro-
cedure and often needs more additional sedatives.

We have reported that CO, insufflation is safe and
effective for patients receiving ESD under conscious
sedation because we saw no significant CO, elevation after
ESD, and less dosage of midazolam was needed in the CO,
group [7]. In that study, however, arterial partial pressure
of CO, (pCO,) was measured only before and after the
procedure. It is therefore also important to assess the safety
of CO, insufflation during ESD. In this study, the mean
peak PtcCO, during ESD was significantly higher than the
mean PtcCO, before or after ESD. However, given that
PtcCO, is typically higher than PaCO, by 5-6 mmHg, the
mean peak PtcCO, during ESD can be considered within
the normal range. Furthermore, a slight increase in PtcCO,
was observed after additional sedation. However, only
three patients transiently experienced more than 60 mmHg
of PtcCO, for an extremely short period (data not shown).

There was no correlation of PtcCO, with longer proce-
dure time, patient age, location, or total times of additional
sedation (data not shown). In addition, no CO, retention or
other side effects associated with CO, elevation were seen.
Thus, sedation in addition to CO, insufflation could be the
primary cause of CO, retention, but this is not clinically
significant because the observed changes were within the
reference range considering that PtcCO, is typically higher
than PaCO, by 5 to 6 mmHg, as described previously.
Furthermore, the slight increase in PtcCO, related to
additional sedation also was associated with a slight
decrease in PaO, in this study (data not shown). This also
supported the fact that additional sedation would result in
hypoventilation to a slight degree, which could be moni-
tored by pulse oximeter.

Thereafter, we managed 200 or more cases of colorectal
ESD using CO, insufflation monitored only with pulse
oximeter, and no serious side effect was seen in the
patients. Therefore, we can recommend that PaCO,, which
is more cost effective and more convenient, can replace
PtcCO, for monitoring ESD with CO, insufflation.
Because our study has shown that CO, insuffiation can be
used safely for colonic ESD, the use of CO, insuffiation for
ESD in the colon is subject to no limitation except in
contraindicated cases (patients with severe cardiopulmo-
nary diseases or CO, retention) and a little cost for CO,.

In conclusion, the current study showed that CO,
insufflation is safe during colorectal ESD. Additional
sedation during ESD could lead to a slight but not clinically
significant increase in CO,, and it is associated with a slight
decrease in PaO,, which can be monitored using a less
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expensive and more convenient device such as a pulse
oximeter.
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Abstract

AIM: To evaluate the surface microvascular patterns
of early colorectal cancer (ECC) using narrow-band im-
aging (NBI) with magnification and its effectiveness for
invasion depth diagnosis.

METHODS: We studied 112 ECC lesions [mucosal/
submucosal superficial (m/sm-s), 69; sm-deep (sm-d),
43] = 10 mm that subsequently underwent endoscop-
ic or surgical treatment at our hospital. We compared
microvascular architecture revealed by NBI with mag-
nification to histological findings and then to magnifi-
cation colonoscopy pit pattern diagnosis.

RESULTS: Univariate analysis indicated vessel density:
non-dense (P < 0.0001); vessel regularity: negative (P
< 0.0001); caliber regularity: negative (P < 0.0001);
vessel length: short (# < 0.0001); and vessel me-
andering: positive (£ = 0.002) occurred significantly
more often with sm-d invasion than m/sm-s invasion.
Multivariate analysis showed sm-d invasion was inde-
pendently associated with vessel density: non-dense
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[odds ratio (OR) = 402.5, 95% confidence interval
(CI): 12.4-13133.1] and vessel regularity: negative
(OR = 15.9, 95% CI: 1.2-219.1). Both of these find-
ings when combined were an indicator of sm-d inva-
sion with sensitivity, specificity and accuracy of 81.4%,
100% and 92.9%, respectively. Pit pattern diagnosis
sensitivity, specificity and accuracy, meanwhile, were
86.0%, 98.6% and 93.8%, respectively, thus, the NBL
with magnification findings of non-dense vessel density
and negative vessel regularity when combined together
were comparable to pit pattern diagnosis.

CONCLUSION: Non-dense vessel density and/or neg-
ative vessel regularity observed by NBI with magnifica-
tion could be indicators of ECC sm-d invasion.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Magnified colonoscopy and the development of pit
pattern diagnosis”’ not only peimits us to distinguish
neoplastic from non-neoplastic colorectal lesions™, but
also helps to assess the invasion depth of early colorec-
tal cancers (ECC)™*”. Similarly, vascular findings on the

surface of gastric lesions have also been observed by
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magnification endoscopy, and the usefulness in predict-
ing the histological nature of such lesions and assessing
their invasion depth has also been reported in the upper
gastrointestinal (GI) tract"*",

The recently developed narrow-band imaging (NBI)
system is a noninvasive optical technique that uses re-
flected light that provides clearer images of surface micto-
vascular architecture than the conventional observation
modality™. To date, the use of magnification endoscopy
with the NBI system has been studied in the upper GI
tract™™ and the suitability of this new modality for dif-
ferentiating neoplastic from non-neoplastic lesions and its
potential for pit pattern diagnosis have also been reported
for the lower GI tract™ ™,

As previously indicated, colorectal lesions with mucosal
(m) or submucosal (sm) supetficial invasion < 1000 pm
(sm-s) have an extremely low risk of lymph-node metastasis
and ate good candidates for endoscopic treatment™. It is
helpful therefore, to differentiate endoscopically between
m/sm-s and deeper sm invasion (sm-d = 1000 pum) lesions.
There have been only a few reports concerning invasion
depth diagnosis using NBI with magnification in a large
series of cases, however, a number of questions remain re-
garding the comparative effectiveness of a diagnosis based
on NBI observation and one using pit pattern analysis by
dye chromoendoscopy for determining invasion depth.

Using magnification colonoscopy with the NBI sys-
tem, we evaluated the characteristics of the sutface micro-
vascular architecture of ECC and investigated the effec-
tiveness of this new optical modality for the diagnosis of
invasion depth. In addition, we evaluated the comparative
relationship between NBI with magnification and pit pat-

tern diagnoses.

MATERIALS AND METHODS

NBI system

NBI is a novel technique that uses spectral narrow-band
optical filters instead of the full spectrum of white light. It
is based on the phenomenon that the depth of light pen-
etration depends on its wavelength, with a short wavelength
penetrating only superficially and a longer wavelength pen-
etrating into deeper layers. In the NBI mode, optical filters
that allow narrow-band light to pass at wavelengths of 415
and 540 nm are mechanically inserted between a xenon arc
lamp and a red/green/blue rotation filter. Thin blood ves-
sels such as capillaries on the mucosal surface can be seen
most clearly at 415 nm, which is the wavelength that cor-
responds to the hemoglobin absorption band, while thick
vessels located in the deep layer of the mucosa can be ob-
served at 540 nm. Current NBI technology limits mucosal
surface light penetration, thereby enhancing visualization of
the fine capillary vessel structure on the surface layer.

Patients and evaluation methods

We studied a total of 112 ECC lesions = 10 mm analyzed
with NBI with magnification colonoscopy examination,
which then underwent endoscopic or surgical treatment
at the National Cancer Center Hospital between January
2006 and February 2007. All colonoscopies were pet-
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formed with a PCF-Q240ZI or CF-H260AZI endoscope
(Olympus Optical Co. Ltd., Tokyo, Japan) by three experi-
enced endoscopists (MF, YS, TM) each of whom had an-
nually performed more than 1000 magnifying chromoen-
doscopy examinations and at least 500 NBI examinations
per year. Endoscopic images of each lesion were taken in
the following order: conventional colonoscopy, NBI with
magnification, chromoendoscopy and magnification chro-
moendoscopy. When a lesion was detected by conven-
tional colonoscopy, its sutface was washed with proteinase
to remove excess mucus. Magnification NBI views of the
microvascular architecture concentrated on those portions
of the lesion where invasion seemed to have permeated
the deeEest regions, such as depressed areas and large
nodules™,

After completion of NBI with magnification, the pit
pattern of each lesion was assessed with magnification
chromoendoscopy performed using 0.4% indigo-carmine
(IC) dye spraying. When high magnification observation
with IC dye did not permit us to determine adequately
the surface structure for pit pattern analysis, 0.05% crystal
violet was applied for staining™. The visible pit pattern
was then assessed during the course of the examination
by the endoscopist conducting the procedure. All lesions
were resected subsequently endoscopically or surgically
and histological diagnosis was performed by three experi-
enced pathologists based on the Vienna classification™,
The depth of sm invasion was determined as being either
sm-s < 1000 pm or sm-d = 1000 pm®". After pathologi-
cal diagnosis was completed on all resected lesions, three
endoscopists (Fukuzawa M, Saito Y and Matsuda T) who
performed the examination individually reviewed the
endoscopic images of the NBI findings that were taken
ptior to treatment. All endoscopic images were chosen by
one of these endoscopists. Their evaluation of the NBI
images of the m/sm-s and sm-d lesions focused on the
suspected areas, respectively, of higher grade dysplasia and
deepest suspected invasion. Each characteristic of micro-
vascular architecture was finally determined based on the
agreement of at least two of the three reviewing endos-
copists. Microvascular findings with a high frequency of
sm-d were assessed as to whether those were significant
sm-d indicators by univariate and multivariate analysis. In
addition, sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and diagnostic ac-
curacy were calculated for each microvascular architectural
feature observed during NBI, as well as every pit pattern
diagnosis determined by magnification chromoendoscopy.
We then compared the various types of microvascular ar-
chitecture characteristics revealed by NBI with magnifica-
tion to the chromoendoscopy pit pattern diagnoses.

The protocol for this study was approved by our insti-
tutional review board and all patients gave written informed
consent.

Chromoendoscopy with magnification

Our pit pattern evaluation method relied on the clinical
classification system proposed by Fuji ef 2/ and Matsuda
et al”, with reference to the Kudo Classification System.
Lesions were categorized into noninvasive and invasive
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patterns. The noninvasive pattern included regular crypts
with or without a demarcated area (e.g. depression, large
nodule, or reddened area) and irregular pits without a de-
marcated area, and are usually observed in Kudo’s types
Ms, M, IV and V1 without demarcated areas (e.g adeno-
matous polyps, m and sm-s cancers), with endoscopic re-
section being the appropriate treatment. The invasive pat-
tern was characterized by irregular and distorted crypts
in a demarcated area, as observed in Kudo’s type Vn
and V1 with a demarcated area (e.g sm-d), and should
be treated by surgical resection. As indicated, Kudo’s type
V1 can be observed in either noninvasive or invasive pat-
terns. Those differences are dependent on the presence
or absence of a demarcated area.

Microvascular architecture of ECC

Microvascular architectural images taken duting magnifi-
cation colonoscopy with NBI wete reviewed retrospec-
tively by three endoscopists who referenced the micro-
vascular z.rc}utectu.tal features of supetficial esophageal
carcinoma'™, and included the following characteristics:
(1) caliber, narrow or wide; (2) caliber regularity, posi-
tive or negative; (3) meandeting, positive or negative; (4)
vessel regularity, positive or negative; (5) vessel length,
short or long; and (6) vessel density, non-dense or dense.
These characteristics wete evaluated by comparing the
NBI with magnification images to representative photo-
graphs of model examples (Figure 1).

Statistical analysis

We compared microvascular architecture as revealed by
NBI with magnification to histological findings using the
% test of independence or Fisher's exact test for univariate
analysis. Variables with a P value of < 0.05 in our univariate
analysis were subsequently included in a logistic regression
multivariate analysis. The StatView program, vetsion 5.0
(SAS Institute, Cary, NC, USA), was used for data analysis
and P < 0.05 was considered to be statistically significant.

RESULTS

Clinicopathological features of patients and Ies)'ons
The clinicopathological details of the patients and colorec-
tal lesions involved in this study are shown in Table 1.

Univariate analysis

Univariate analysis indicated characteristics involving ves-
sel density: non-dense (P < 0.0001); vessel regularity: neg-
ative (P < 0.0001); caliber regularity: negative (P < 0.0001);
vessel length: short (P < 0.0001); and vessel meandering:
positive (P = 0.002) occurred significantly more often
with sm-d invasion than m/sm-s invasion (Table 2).

Multivariate analysis

Multivariate analysis demonstrated that sm-d invasion
was independently associated with vessel density: non-
dense [odds ratio (OR) = 402.5, 95% confidence interval
(CI): 12.4-13133.1]; and vessel regularity: negative (OR =
15.9, 95% CI: 1.2-219.1) (Table 2). The sensitivity, speci-
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res of evaluated colorectal

lesions

'Update on the Paris cl of ial neoplastic lesion in the

digestive tract™. LST-G: Laterally spreud.lng tumor-granuler type; LST-

NG: Laterally spreading tumour-non granular type; m/sm-s: Mucosal/
sm-d: deep.

ficity, PPV, NPV and diagnostic accuracy rate for each
characteristic are shown in Table 3. The two vascular
findings that were confirmed by multivatiate analysis had
the highest values for specificity, PPV and accuracy (non-
dense vessel density: specificity 0.99, PPV 0.95, accuracy
90.2%; negative vessel regularity: specificity 0.99, PPV
0.95, accuracy 90.2%).

Pit pattern diagnosis

The pit patterns of 21 m/sm-s lesions were evaluated
following IC dye spraying, whereas the pit patterns of
the other 48 m/sm-s lesions and all 43 sm-d lesions were
assessed after crystal violet staining. We subsequently
calculated the sensitivity, specificity, PPV, NPV and ac-
curacy in differentiating m/sm-s from sm-d for: (1) the
pit patterns that were diagnosed as being invasive; and (2)
the NBI with magnification characteristic findings of (a)
non-dense vessel density and/or negative vessel regular-
ity and (b) non-dense vessel density and negative vessel
regularity, which were both considered to be indicators
for sm-d invasion. Pit pattern analysis sensitivity, specific-
ity, PPV, NPV and diagnostic accuracy were 0.86 (95%
CI: 0.72-0.95), 0.99 (0.92-0.99), 0.97 (0.86-0.99), 0.92
(0.83-0.97) and 93.8%, respectively. The NBI with magni-
fication characteristic findings of non-dense vessel density
and negative vessel regulatity were comparable to pit pat-
tern diagnosis results [0.81 (0.67-0.92), 1.00 (0.95-1.00),
1.00 (0.90-1.00), 0.90 (0.81-0.95), 92.9%] (Table 4). Seven
of the lesions in this study were incorrectly diagnosed us-
ing pit pattern analysis including six sm-d lesions mistak-
enly diagnosed as m/sm-s invasion depth. In two of these
cases, however, both non-dense vessel density and negative
vessel regularity had also been observed by magnification
NBI, which suggests its potential use as a supplementary
diagnostic tool to pit pattern diagnosis (Figures 2 and 3).

DISCUSSION
It has been reported previously that observation of intra-
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Figure 1 Microvascular architecture. A: Caliber, narrow: Capillaries are narrow diameter. Caliber, wide: Capillaries are wide diameter; B: Caliber regularity, positive:
Capillaries are uniform thickness. Caliber regularity, negative: Capillaries are unequal thickness; C: Meandering, negative: Capillaries are linear. Meandering, positive:
Capillaries are meandering; D: Vessel regularity, positive: Capillaries surround mucosal glands regularly. Vessel regularity, negative: Capillaries iregularly branching; E:
Vessel length, long: Long capillaries. Vessel length, short: Short capillaries; F: Vessel density, dense: Dense capillaries. Vessel density, non-dense: Sparse capillaries.
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'y? or Fisher's test. 95% Cl: 95% confidence interval; NS: Not significant.

papillary capillary loops by magnification endoscopy is ~ esophageal cancer"™". The intra-papillary capillary loops
useful in the diagnosis of invasion depth of superficial ~ can be seen in the normal esophageal mucosa by mag-
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Figure 2 35 mm laterally spreading tumor, non-granular (LST-NG) type, located in the ascending colon. A: Conventional colonoscopy image; B: Conventional
colonoscopy image following 0.4% IC dye spraying; C: Narrow-band imaging (NBI) with magnification image at center of the lesion enclosed by the red box in A.
Microvascular architecture consisted of non-dense vessel density and negative vessel regularity; D: Crystal violet staining image; E: Magnification view of the portion
enclosed by the red box in D revealed a noninvasive pattern; F: Magnification view of the portion enclosed by the yellow box in D also revealed a noninvasive pattern,
such the estimated depth was intramucosal and this LST-NG lesion was treated by endoscopic submucosal dissection.

I O 140 8 1 50 0

Figure 3 Stereomicroscopic view and histological images. A: Stereomicroscopic view; B: Red lines indicate submucosal penetration of the tumor; C: Histological
diagnosis at dotted line in A was a well-differentiated adenocarcinoma and depth of invasion was sm (1300 mm) shown with the arrow. Invasion depth diagnosis using
NBI with magnification was correct, based on findings of non-dense vessels and negative vessel regularity, but pit pattern diagnosis of this lesion was inaccurate.

nifying endoscopy. In cancerous lesions, characteristic  invasion. There have been few studies to assess invasion
changes of the intrapapillary capillary loops can be seen  depth in cancerous lesions from microvascular architec-
in the superficial mucosa according to the depth of tumor ~ ture. However, the NBI system enabled observation of

[ '¢

L

JBeishideng  W]G | www.wjgnet.com 1731 April 14, 2010 | Volume 16 | Issue 14 |



Fukuzawa M et a/. Narrow-band imaging for colorectal cancer

Table 3 Assessinent of the carcinomatous invasion depth based on microvascular architecture
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.33/ e
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0.98(0.88-0.99) "
)
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% a1/
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4/ 7169
-0.95 (0.84-0.99)
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L 097(085:099) ,"-‘.74‘:’:%"9*3::,_‘ :
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091(071499)
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PPV: Positive predictive value; NPV: Negative predictive value.

Microvascular architecture = Serisitivity (95% CI). ' Specifiity (95%C1). - PPV (95%CI) " NPV (95% CI) A (0
Noni-dense vessel density ' .: .38/43 B 60j69 - ) T : : g
and/:itnegaﬁvevessﬂl regularity . * 0.88(0.75-0.96) L 087 (077098 - - 021 0.67:09) 092(0.83-0.97)

Non-dense vessel density 35/43 A g L

-and negative vessél regularity 0.81°(0.67-0.92) : -+ 7:1:00(0.95-1.00).- 5100, (0'991'00) i O.Sﬂ(a.al-ﬂ.?E), =

Pit pattern 37/43 68169 4 i

(Invasive pattern) 086 (0.72-095) 099 092:0.99) 097.086-0.99) . . 0.92(0.83f-97)

microvascular architecture of the tumor surface in the GI
tract. In a similar fashion, we used NBI with magnifica-
ton to investigate whether or not quantitative ECC inva-
sion depth diagnosis was possible based on analysis of
capillary vessel patterns instead of pit patterns. Based on
our results, it appeared that non-dense vessel density and
negative vessel regularity, as observed by NBI with magni-
fication, could be diagnostic indicators of sm-d invasion,
as effectively as pit pattern analysis.

Regular hexagonal or honeycomb-like capillary pat-
terns are formed around the crypts of normal colorectal
mucosa. In contrast, it has been reported that these cap-
illaries are larger in tumor adenomas, whereas vascular
disruption, caliber irregulatity and dense vessels have
been observed in severe atypical cases””. In addition,
vascular changes do not generally occur in non-neoplas-
tic lesions such as hyperplastic polyps, with the exception
of inflammatory polyps””. The NBI technique provides
clearer observation of microvascular architectural char-
acteristics, therefore, it has been reported that differen-
tiation of neoplastic from non-neoplastic lesions on the
basis of different vascular patterns is equally possible

p [21-30) s
using NBI or chromoendoscopy” ™, and pit pattern
diagnosis has likewise been explored using NBI*"##7%,
Previous studies have shown that the accuracy of pit
pattern diagnosis of invasion depth by magnification en-
doscopy was 98.8%", whereas such diagnostic accuracy
in this study was 93.8%.

The area surrounding crypts in the superficial layer
of the mucosa is covered with capillaries and has previ-
ously been recognized as a pit using the NBI technique.
Machida ef 2" have reported that NBI pit pattern diag-
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nosis is significantly more useful (P < 0.001) than con-
ventional observation, but inferior to chromoendoscopy
(P < 0.05). Hirata ¢ a* have reported that overall diag-
nostic consistency in pit patterns between magnification
NBI and dye-spraying observations was 84%, but even
higher for types II, I, IV and Vn pit patterns, although
somewhat lower at 78%, for the type V1 pit pattern. In ad-
dition, Tischendorf ez a/*” have reported that there is no
significant difference in the PPV for neoplastic lesions as
determined by pit pattern and vascular findings using NBL
There was a discrepancy, however, between two endosco-
pists in their NBI pit pattern diagnosis of types -V neo-
plastic lesions™. This may have been because the actual pit
structure was not observed using the NBI technique, un-
like the results from the contrast and staining methods; or,
it could have been caused by the NBI pit pattern diagnosis
of types I-V lesions, which are consideted particularly
important in determining the most suitable method of
treatment, not having been performed accurately.

More recently, Katagiri ez 2 have reported that cap-
illary patterns observed by NBI with magnification are
highly accurate in distinguishing between low-grade and
high-grade dysplasia/invasive cancer, and thus could be
used to predict the histopathological features of colorectal
neoplasia. In addition, Hirata ¢ a*” have reported vas-
cular findings of significant sm-d invasion based on their
NBI observation of thick blood vessels with irregularity
on the surface of tumors. This differs somewhat from the
results of our investigation, but the difference could be
caused by a number of factors, such as vatiations in our
respective definitions of vascular findings, and the macro-
scopic types of lesions involved in the two studies.
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Magnification observation with dye spraying and
staining, in particular crystal violet staining, however,
can be time-consuming. Patient symptoms including
abdominal discomfort and peristalsis ate mote likely to
appear in Jonger duration colonoscopy examinations,
which may render detailed observation more problemat-
ic. In contrast, the press of a single button on the handle
of the endoscope with the NBI system can almost im-
mediately change from NBI to the conventional view
and back again, thereby shorting examination times and
reducing the burden on patients and endoscopists alike.
A mucous attachment on the endoscope can also inter-
fere with diagnosis, and washing the surface of a lesion
with pronase solution takes additional time during pit
pattern diagnosis by magnification colonoscopy with IC
dye spraying or crystal violet staining. Hirata ef o/ have
further reported that NBI observation results in more
accurate pit pattern diagnosis than dye spraying observa-
tion in cases with mucous attachment.

Our study suffered from some limitations. First, the
NBI assessments were made on stll images by three en-
doscopists, whereas the pit pattern diagnosis was done in
real time after initial inspection with NBI, which could
account for some further bias. Second, the different NBI
features of the microvasculature are not independent: the
endoscopist is not blinded to one feature if he scores the
other. In addition, Jesions that were diagnosed histologi-
cally as cancer had a diameter of at least 10 mm, thus
lesions < 10 mm in diameter were not assessed in this
study. Accordingly, futute prospective studies will require
that relevant data be accumulated and analyzed on a mote
objective basis.

In conclusion, the results of this study indicated that
two microvascular architectural characteristics, non-dense
vessel density and negative vessel regularity, observed us-
ing NBI with magnification duting colonoscopy exatmina-
tions could be reliable indicators of ECC sm-d invasion.
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COMIVIENTS

Background

The intra-papillary capillary loops can be seen in the normal esophageal
mucosa by magnifying endoscopy. In cancerous lesions, characteristic changes
of the intrapapillary capillary loops can be seen in the superficial mucosa
according to the depth of tumor invasion. Narrow-band imaging (NBI} enables
detailed observation of microvascular architecture of the tumor surface.

Research frontiers
NBI provides clearer observation of microvascular architectural characteristics,
and it has been reported that differentiation of neeplastic from non-neoplastic

lesions an the basis of different vascular patterns is equally possible using NBI

or chromoendoscopy. However, there have been only a few reports concerning
invasion depth diagnosis using NBI with-magnification in a large series of
cases. This study clarifies the efficiency of NBI with magnification colonoscopy
for invasion depth diagnosis of early colorectal cancer (ECC).

Innovations and breakthroughs
Some studies have already reported the clinical usefulness of pit pattern
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diagnosis using magnifying chromoendoscopy for predicting the depth of
invasion of ECC. The authors’ results indicate that NBI with magnification
findings were comparable to pit pattem diagnosis results.

Applications

Magnification observation with dye spraying and staining, in particular crystal
violet staining, however, can be time-consuming. In contrast, the press of a
single button on the handle of the endoscope with the NBI system can almost
immediately change from NBI to the conventional view and back again,
thereby shortening examination times and reducing the burden on patients and
endoscopists alike.

Peer review

The authors present a trial analyzing the impact of NBI colonoscopy on assess-
ing the invasion depth in ECC. Overall, 112 patients were included; additionally
pit pattem analysis was performed in 64 patients. The study investigated inter-
esting questions.
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