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Abstract

Endoscopic submucosal dissection (ESD) is widely used
in Japan as a minimally invasive treatment for early
gastric cancer. The application of ESD has expanded to
the esophagus and colorectum. The indication criteria
for endoscopic resection (ER) are established for each
organ in Japan. Additional treatment, including surgery
with lymph node dissection, is recommended when
pathological examinations of resected specimens do
not meet the criteria. Repeat ER for locally recurrent
gastrointestinal tumors may be difficult because of sub-
mucosal fibrosis, and surgical resection is required in
these cases. However, ESD enables complete resection
in 82%-100% of locally recurrent tumors. Transanal
endoscopic microsurgery (TEM) is a well-developed sur-
gical procedure for the local excision of rectal tumors.
ESD may be superior to TEM alone for superficial rectal
tumors. Perforation is a major complication of ESD,
and it is traditionally treated using salvage laparotomy.
However, immediate endoscopic closure followed by
adequate intensive treatment may avoid the need for
surgical treatment for perforations that occur during
ESD. A second primary tumor in the remnant stom-
ach after gastrectomy or a tumor in the reconstructed
organ after esophageal resection has traditionally re-
quired surgical treatment because of the technical dif-
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ficulty of ER. However, ESD enables complete resection
in 74%-92% of these lesions. Trials of a combination of
ESD and laparoscopic surgery for the resection of gas-
tric submucosal tumors or the performance of sentinel
lymph node biopsy after ESD have been reported, but
the latter procedure requires a careful evaluation of its
clinical feasibility.

© 2012 Baishideng. All rights reserved.

Key words: Endoscopic submucosal dissection; Esopha-
geal cancer; Gastric cancer; Colorectal cancer; Lapa-
roscopic surgery; Lymph node metastasis; Perforation;
Gastrectomy; Complications
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INTRODUCTION

Gastroendoscopic treatments, such as endoscopic muco-
sal resection (EMR) and endoscopic submucosal dissec-
tion (ESD), are standard treatments for early gastrointes-
tinal cancer in Japan. Medical endoscopists often perform

October 16, 2012 | Volume 4 | Issue 10 |



these procedures in Japan; however, Masanori Hirao,
who first reported endoscopic resection (ER) (a forerun-
ner of ESD) using a local injection of hypertonic saline-
epinephrine for the treatment of early gastric cancer''!,
was a surgeon with experience in the performance of
gastrectomies.

ER was developed to reduce the number of exces-
sive surgeries for early gastric cancer without lymph node
metastasis (LNM), but the indications for ER have been
expanded to other conditions and organs.

Endoscopic treatment was principally developed
for the examination of conditions with no LNM”” and
to improve the resectability of tumors®”. ESD has ex-
panded as a new and less invasive treatment that enables
complete tumor removal without surgery (Figure 1).

ESD has three main advantages over surgery; specifi-
cally, it is less invasive, is less expensive, and better pre-
serves physiological function. However, complete resec-
tion is impossible in some difficult cases, and the rate of
complete resection is not 100% in high-volume institutes.
Subsequent surgery may be required for curative treat-
ment in some cases (Figure 2).

ESD may be applied for secondary lesions after some
surgeries, such as esophagectomy and gastrectomy. A
new technique in this field is joint laparoscopic surgery
and ESD, which has been attempted for the treatment of
submucosal tumors, including gastrointestinal stromal tu-
mors (GISTSs). The ESD technique is used as a novel, less
invasive, natural orifice transluminal endoscopic surgery
(NOTES).

This article discusses the relationship between ESD
and surgical treatment from several viewpoints.

ADDITIONAL SURGERY AFTER ESD

Additional surgery with lymph node dissection is recom-

mended when ER is histologically non-curative. Non-
curative ESD is defined as the presence of cancer cells in
the lateral or deep margins, invasion to the deep layer, the
presence of lymphatic vessel invasion, the presence of
an undifferentiated cell type, or a combination of these
conditions. The definitions vary according to the affected
organ.

Esophagus
Mortality after esophagectomy is 14%" which is much
higher than that after ESD. Therefore, the decision to
perform an esophagectomy for esophageal cancer should
be carefully considered. The 2007 guidelines of the Japa-
nese Esophageal Society for the diagnosis and treatment
of esophageal squamous cell carcinoma (SCC) state that
intraepithelial tumors (M1) and tumors invading the lam-
ina propria (M2) that spread to less than two-thirds of
their circumference are absolute indications for esopha-
geal ER, and tumors that are in contact with or invading
the muscularis mucosa (M3) without clinical lymph node
involvement are a relative indication for ER.

Intensive pathological investigations of a large num-
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ber of surgical resection cases have demonstrated that less
than 5% of M1 and M2 cases exhibit LNM, and the 5-year
survival rate is greater than 90%; most deaths result from
other causes. However, M3 and submucosa (SM1) cases
(i.e., tumors that invade the most superficial third of the
submucosa) exhibit a 10%-32% risk of LNM"*". There-
fore, additional treatment is not necessary for M1 and M2
cases, but additional treatment, such as esophagectomy
or chemoradiation, must be considered for M3 and SM1
cases. The indication for additional surgery is controver-
sial in M3 cases. Eguchi ez al” investigated 464 consecutive
patients who had undergone radical esophagectomy with
lymphadenectomy and found that 42% of patients with
M3 lesions and lymphatic invasion (LY) exhibited LNM,
but only 10% of patients with M3 lesions without LY
exhibited LNM. The authors concluded that M3 lesions
with LY should be treated similatly to SM lesions, and
patients with M3 lesions without LY can be followed up
without any additional treatment. Shimizu e 2/'" found
that 16 patients with esophageal carcinoma that invaded
the muscularis mucosa or upper submucosa who under-
went EMR followed by chemoradiotherapy but refused
esophagectomy exhibited no local recurrence or metasta-
sis. The overall survival rate of these 16 patients at 5 years
was 100%, but 39 patients with similarly staged cancer
who underwent esophagectomy after EMR exhibited a
survival rate of 87.5%"", A phase II study to evaluate the
efficacy and safety of combined EMR and chemoradio-
therapy treatment for clinical stage [ esophageal cancer
(T1b: SM1-3) is ongoingm. The necessity of additional
surgical treatment and alternative treatments should be
considered based on the pathological findings, age, co-
morbidities, and the patient’s wishes, and the clinical pro-
tocol should be strictly followed.

Stomach
ESD was first applied in the stomach, and most of the
clinical and pathological data for this technique can be
pooled. The en bloc resection and complete resection rates
are 83%-95% and 73%-92%, respectively">'*, which sug-
gests that complete resection is not obtained in 8%-27%
of cases. Additional treatments are required in these
cases. The 2004 guidelines for the diagnosis and treat-
ment of stomach carcinoma from the Japanese Gastric
Cancer Society"” recommend ER for the lesion, which
meets the following criteria: macroscopic mucosal cancer,
less than 2 cm, differentiated type (pap, tubl, tub2), and
the absence of ulceration and scarring in the case of the
depressed type. Expanded criteria include differentiated
mucosal cancer without ulceration irrespective of the
tumor size, differentiated mucosal cancer with ulceration
if the size is less than 3 c¢cm, and differentiated lesions
less than 3 cm in size that invade less than 500 yum into
the submucosa and without evidence of lymphovascular
invasion on computed tomography or endoscopic ultra-
sound**".

Patients who undergo treatment according to these
expanded criteria exhibit similar long-term survival and

October 16, 2012 | Volume 4 | Issue 10 |
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Marking Injection Cutting mucosa
Dissection Proceeding dissection Complete resection

Figure 1 Image of Endoscopic submucosal dissection: Marking is not necessary in a colorectal case because the lesion margins are clear.

Early GI tumor

Surgical resection

biological
indication

Complication’

Surgical resection

Pathological examination ‘

Complete
resection’

Follow-up

Recurrence

Yes

Complete cure

Figure 2 Algorithm for the treatment of early gastrointestinal tumors.
'Perforation or bleeding during endoscopic submucosal dissection which can
not be treated endoscopically or delayed perforation; ’See Table 2.

outcomes as patients who are treated according to the
basic criteria”"!. Patients are considered to have under-
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Table 1 Histological criteria for curative endoscopic resection

for gastric cancer

Factors associated with no risk of lymph node metastasis
Intestinal-type histology
No lymphatic or vascular infiltration
Intramucosal cancer, regardless of tumor size, without ulcer findings
or intramucosal cancer less than 30 mm in size with ulcer findings
or minute submucosal invasive cancer (SM1) less than 30 mm in size
Factors associated with the resection margin
Tumor-free horizontal margin
Tumor-free vertical margin

gone non-curative ER when histological examinations
reveal that the resected specimen does not meet the cri-
teria for curative ER (Table 1) according to the Japanese
Classification of Gastric Carcinoma™. Surgery remains
the standard treatment after non-curative ER in patients
with a possible risk of LNM™, The incidence of residual
tumors in surgical specimens of gastric cancer was 24.6%
(out of 118 cases) after incomplete ESD, and radical
gastrectomy should be performed if pathological exami-
nation reveals a positive lateral resection margin after
ESD™. However, gastrectomy with lymph node dissec-
tion should be considered for patients with submucosal
invasion regardless of margin status because of possible
residual tumor or LNM™. A suspicious margin status
should be managed similatly to a positive margin status
after endoscopic treatment because of the high rate of
residual cancer. These authors emphasized that gastrec-
tomy is sometimes unnecessary because recurrence may
involve only the mucosa, and more minimally invasive
treatment modalities, such as re-ESD and other endo-
scopic interventions, are recommended in these cases. In-
complete resection by gastric ESD significantly increases

October 16, 2012 | Volume 4 | Issue 10 |



Table 2 Factors for which additional treatment after endo-

scopic submucosal dissection should be recommended

Esophagus (squamous cell carcinoma)
Tumors in contact with or invading the muscularis mucosa
Tumors invading the submucosal layer
Stomach
Positive lateral margins
Deep submucosal invasion, regardless of positive vertical margins
(>500 pm)
Vascular or lymphatic invasion
Diffuse-type histology
Colon and rectum
Positive vertical margins at the site of submucosal invasion
Depth of submucosal invasion greater than 1000 um
Vascular or lymphatic invasion
Poorly differentiated adenocarcinoma, signet ring cell carcinoma, or
mucinous carcinoma
High-grade tumor budding’

'Tumor budding: An isolated single cell or a cluster composed of fewer
than five cancer cells in the stroma of the actively invasive region.

the local recurrence risk, and most initial recurrence le-
sions that are treated with additional argon plasma coagu-
lation recur™.

Eldetly patients should not undergo radical surgery if
they have comorbid diseases or a limited life expectancy.
However, additional surgery following non-curative ER
improves overall and disease-free survival compared with
nonsurgical observation in stomach cancer patients > 75
years of age”’, and surgery should be considered follow-
ing non-curative ER in eldetly patients.

Colon and rectum

The 2010 Guidelines for the Treatment of Colorectal
Cancer from the Japanese Society for Cancer of the
Colon and Rectum recommends colorectal ER for in-
tramucosal cancer (M) and cancers with slight invasion
into the submucosal layer of less than 2 cm in diameter,
irrespective of the shape, based on a large number of
studies on resected specimens[s’zg’zgl. The guideline-recom-
mended indications for additional surgical treatment are
presented in Table 2. The budding grade and histologi-
cal type exhibit a greater association with LNM than the
PO and well-differentiated
adenocarcinoma without budding may be observed after

depth of submucosal invasion

complete ER even if the cancer invades the submucosal
layer.

ESD FOR RESIDUAL/RECURRENT
CANCER

Repeat EMR as a cure for locally recurrent gastrointesti-
nal tumors is difficult to perform because the initial ER
ot chemoradiotherapy produces submucosal fibrosis. Sut-

gical resection is necessary in these cases. However, ESD
allows for a submucosal dissection through the fibrosis to
achieve an en bloc resection.
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Esophagus

EMR was evaluated as a salvage treatment after chemo-
radiotherapy for esophageal cancer prior to the introduc-
tion of ESD, but the rate of en bloc resection was not
high enough to warrant its use. Saito ef al™ reported that
100% of cases of locally recurrent or residual superficial
esophageal SCCs after chemoradiotherapy were success-
fully resected en bloc using ESD, and these results were
supetior to the en bloc resection rate of 47% for EMR.

Stomach

The rates of en bloc resection, complete resection, and
curative resection for EMR for locally recurrent gastric
cancer are 0%, 41%, and 33%-41%, respectively[l7’33].
Surgical resection after EMR should be considered for
non-curative cases. The rates of en bloc resection, com-
plete resection, and curative resection for ESD are 89%,
95%, and 76%-80%, respectively, even in locally recur-
rent cases' "', Furthermore, the rate of perforation is
3%-9%!"", which is comparable to the 3%-10%!"*"*'**!
perforation rate for ESD in new cases. Conservative
treatment was performed after closure with an endoscop-
ic clip in all of the perforation cases'”. ESD is a useful
treatment that can prevent the need for surgical resection
for locally recurrent gastric cancer.

Colon and rectum

Kuroki ¢ a/*” used ESD in 34 consecutive cases of re-
sidual or locally recurrent colorectal tumors. The perfora-
tion rate was 14.7% (five cases), emergency surgery was
required in one case, and the rates of en bloc resection
and complete resection were 93% and 82%, respectively.
These authors concluded that the use of ESD for resid-
ual/locally recurrent lesions was curative and efficacious,
and this technique reduces surgical resection require-
ments. The en blo™ resection rate of ESD in 30 cases of
residual or locally recurrent colorectal tumors was 93%,
and the complete resection rate was 83%. However, these
favorable results were reported at high-volume institu-
tions, and this procedure is not easily performed because
of submucosal fibrosis, spastic bowel movements, and
the low controllability of the scope in the right colon””
The use of ESD for a recurrent lesion requires a highly
advanced technique, and the laparoscopic resection of
colonic cancer may be performed within almost the same
time frame as ESD at some institutions””. Therefore, the
treatment modality for a residual/recurrent tumor in the
colon should be chosen according to the technical abili-
ties of the physician.

TRANSANAL RESECTION, TRANSANAL
ENDOSCOPIC MICROSURGERY, AND

ESD

Transanal resection (TAR) (Figure 3A) and TEM (Figure
3B) are well-developed surgical procedures for the local

October 16, 2012 | Volume 4 | Issue 10 |
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A

Figure 3 Resection of a rectal tumor. A: Transanal resection; B: Transanal
endoscopic microsurgery.

excision of rectal adenomas, intramucosal cancers, and
superficial submucosal cancers of the rectum. ESD is
associated with a longer procedure time than TAR (131
min #5 63 min), but ESD is more effective than TAR for
the treatment of non-invasive rectal tumors, with a lower
recurrence rate (0% »s 15.5%) and shorter hospital stays
@9 d »s 7 O TEM provides better visualization than
TAR, and the clinical results with TEM are superior.
However, the recurrence rate is as high as 4%-8% ",
TEM exhibits a technical advantage because it enables
the removal of the full thickness of the rectal wall, but
the recurrence rates are 0% for SM1, 17% for SM2, and
30% for SM3. Therefore, TEM alone is not a feasible
treatment for massive SM rectal cancers, and its indica-
tion is not broader than ESD. TEM suffers from poor
visualization of the operative field near the dentate line,
relatively high recurrence rates, and high instrumentation
costs. Therefore, ESD may be a better technique for ad-
enoma, intramucosal cancer, and slightly invasive submu-
cosal cancer in the rectum. Figure 4 presents an example
case of ESD for a rectal tumor larger than 10 cm.

SURGERY FOR ESD COMPLICATIONS

Perforation and bleeding are the major complications
during the ESD procedure, and perforation, bleeding,
and stenosis may occur after the operation. Most of the
bleeding may be treated using an endoscopic approach,
but all perforations are traditionally treated using salvage

K
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laparotomy with closure of the petrforation and intensive
intra-abdominal lavage with a large volume of physi-
ological saline. However, perforation during the ESD
procedure may be nonsurgically treated using endoscop-
ic closure followed by adequate intensive conservative

treatment'™.

Esophagus

The perforation rate in esophageal ESD is 0%-20%%4",
Perforation may cause severe emphysema or mediastinal
inflammation, which may require surgical or interven-
tional mediastinal drainagelSzJ. However, immediate endo-
scopic closure of the perforation followed by intensive
conservative treatment can avoid the need for surgery
in most perforations during the ESD procedure™.
Pneumomediastinum, which does not cause clinically
significant complications, is frequently detected after
esophageal ESD by chest computed tomography (31%)™.
Esophageal ESD is associated with esophageal stenosis,
particularly when ESD involves the entire circumference
of the esophageal lumen. Various techniques, including
intralesional steroid injection[54], oral prednisolone admin-
istration™, balloon dilatation™ ", and the placement
of a self-expanding metal stent, are used™* and surgical
treatment is not generally necessary. However, a small
risk of perforation has been observed during balloon
dilatation"! and steroid injection; therefore, these pro-
cedures should be performed carefully.

Stomach

Perforation during ESD for stomach tumors occurs in
2%-10% of cases, and most perforations ate treated us-
ing endoscopic and conservative treatments without a
surgical approachm’ls]. However, delayed perforation
after gastric ESD generally requires emergency surgery.
Hanaoka ¢z a/* demonstrated that delayed perforation
after gastric ESD occurred in six of 1159 patients (0.45%),
and five of these six patients required emergency surgery.
Three of these patients were treated using omentoplasty.
However, two patients required gastrectomy because
the perforation hole was too large to be closed with an
omental patch in one patient, and the omentum had been
removed in a previous colectomy in the other patient.

Colon and rectum

The perforation rate in colorectal ESD is 4%-10%, and
most cases atre treated nonsurgicallym’()zmj. However, de-
layed perforation after colorectal ESD generally requires
emergency surgery. Saito ez al® observed perforations
after colorectal ESD in 54 of 1111 cases (4.9%) and
delayed perforation in 4 cases (0.4%). Two immediate
perforations with ineffective endoscopic clipping and
three delayed perforations required emergency surgery.
Fujishiro e al™ reported 11 (5.5%) immediate perfora-
tions in 200 cases of colorectal ESD that were success-
fully managed conservatively, but one delayed perforation
(0.5%) required laparotomy.
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Figure 4 A case of a rectal tumor resected by endoscopic submucosal dissection in which laparotomy was required. A: A broad-based tumor spreading to
over half of the circumference is observed in the rectum; B: Chromoendoscopy with indigo carmine; C: Mucosal incision with the Flush knife; D: Appearance of the
mucosa after complete resection by endoscopic submucosal dissection; E: The fixed resected specimen was 115 mm in diameter.

ESD AFTER GASTROENTEROLOGICAL
SURGERY

The remnant stomach after gastrectomy remains at high
risk for a second primary gastric cancer. Traditionally, the
outcome for patients with gastric cancer in the remnant
stomach has been poort, and the standard treatment for
remnant gastric cancer was total gastrectomy with ex-
tended lymph node dissection”". However, Takeda ¢z al™
observed that none of the 15 patients with early remnant
gastric cancer in his consecutive series presented LNM,
and the prognosis of these patients was good. The qual-
ity of life after total gastrectomy is markedly reduced.
Therefore, ER is a highly desirable method for the pres-
ervation of the stomach. ER of the lesion in the remnant
stomach is technically difficult using the conventional
method of EMR because of the narrow inner space and
the massive fibrosis around the staples in the suture line.
The rates of en bloc resection and complete resection in
the ESD of remnant gastric tumors are 97%-100% and
74%6-92%, respectivelym’m. The 0%-13% perforation rate
is higher than the perforation rate in the normal stomach,
but all perforations have been successfully treated”™ ",
ESD improves the avoidance of surgical resection in
early lesions in the remnant stomach after gastrectomy.
ESD is also highly indicated for tumors in the gastric
tube after esophagectomy. The en bloc resection rate of
ESD for gastric tube tumors is 88%-90%"""", which is
higher than the rate associated with EMR". One case
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of successful ESD for a tumor in a colonic interposition
after esophagectomy has been reported”™.

A retrospective analysis of 639 cases of esophageal
cancer in patients who underwent gastric tube recon-
struction and survived more than 10 years revealed that
gastric cancer developed at a constant rate, even many
years after esophagectomy, with a 10-year cumulative
incidence rate of 8.1%"". The duration of survival has
improved due to progress in the diagnosis and treatment
of esophageal cancer. A lesion in a reconstructed organ,
such as a gastric tube or colonic interposition, will likely
appear more often, and ESD will play a more important
role in the treatment of these lesions.

COMBINATION OF ESD AND
LAPAROSCOPIC SURGERY

Sentinel lymph node biopsy after ESD

ESD is applied to benign or early malignant lesions with-
out LNM, and the indication criteria for its use in each
organ are discussed above. Local excision may be permit-
ted if no LNM is specifically proven in cases that do not
meet the criteria, such as intramucosal undifferentiated
catcinoma or massively invaded submucosal cancet. The
use of laparoscopic sentinel lymph node biopsy (SLNB)
for the examination of LNM after ESD for carly gas-
tric cancer that does not meet the standard or expanded
indication criteria has been reported””. Additional cura-
tive surgical resection was performed when LNM was
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Figure 5 Combination of endoscopic submucosal dissection and laparoscopic surgery. A: Confirmation of tumor location and mucosal cutting around the
tumor using endoscopic submucosal dissection; B: The full thickness of the stomach wall was cut using a laparoscopic instrument, such as Ligasure®; C: The gas-
tric wall was closed using a laparoscopic hand-sewn technique or laparoscopic suturing device, such as End-GIA.
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Esophagus —
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Figure 6 Natural orifice transluminal endoscopic surgery using the endo-
scopic submucosal dissection technique (in a porcine model).

observed. Cahill ez a/*" applied NOTES after ESD of
the stomach and sigmoid colon in a porcine model based
on the same criteria. However, a systemic review of 21
articles on SLNB in gastric cancer patients revealed that
the overall sensitivity of SLNB was 85.4%"". The au-
thors concluded that there was insufficient evidence to
introduce SLNB into the treatment protocol for gastric
cancet™. A meta-analysis of 53 studies on SLNB in co-
lon and rectal cancer revealed a pooled sensitivity of only
76%"™. The accuracy of SLNB varies according to the
biopsy procedure, experience, and method of staining,
Therefore, technical improvements in SLNB may lead
to the clinical application of the combination therapy of
ESD and SLNB using laparoscopic surgery or NOTES.

Gastric submucosal tumors

The combination of ESD and laparoscopic surgery as a
novel treatment method for gastric submucosal tumors,
such as GISTs, has been reported at some institutions.
Laparoscopic excision has been applied to gastric submu-
cosal tumors, but the precise location of the lesion could
not be detected in the laparoscopic view. Therefore,
excessive resection is inevitable for complete resection.
The ESD technique is used for mucosal cutting and full-
thickness wall cutting around the lesion prior to laparos-
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copy to minimize excessive resection. Complete resection
. . . [79,83-86]
is then performed using a laparoscopic approach

(Figure 5).

Application of the ESD technique to NOTES

NOTES has attracted considerable attention as a mini-
mally invasive surgery. Endoscopic transesophageal medi-
astinal lymph node dissection and epicardial coagulation
using mediastinal and thoracic approaches in a porcine
model have been reported previously®™ (Figure 6). An
element of the ESD technique has been applied to these
novel surgeries.

CONCLUSION

Additional treatments, including surgery with lymph node
dissection, should be recommended to patients with
non-curative resection following ESD. ESD may be suc-
cessfully applied for a residual/recurrent gastrointestinal
tumor after ER, a second primary tumor in the remnant
stomach after gastrectomy, or a tumor in the gastric tube
or colon that was reconstructed after gastroenterological
surgery. ESD is superior to TAR and TEM for the treat-
ment of an eatly rectal tumor. Most of the perforations
that occur during the ESD procedure can be treated non-
surgically using endoscopic closure, but delayed perfora-
tions require emergency surgery. This review summarized
novel trials of the combination of ESD and laparoscopic
surgery, and the application of an element of the ESD
technique to NOTES was reported.
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Abstract

Capsule endoscopy was conceived by Gabriel Iddan
and Paul Swain independently two decades ago. These
applications include but are not limited to Crohn’s dis-
ease of the small bowel, occult gastrointestinal bleed-
ing, non steroidal anti inflammatory drug induced small
bowel disease, carcinoid tumors of the small bowel,
gastro intestinal stromal tumors of the small bowel and
other disease affecting the small bowel. Capsule en-
doscopy has been compared to traditional small bowel
series, computerized tomography studies and push
enteroscopy. The diagnostic yield of capsule endoscopy
has consistently been superior in the diagnosis of small
bowel disease compared to the competing methods
(small bowel series, computerized tomography, push
enteroscopy) of diagnosis. For this reason capsule en-
doscopy has enjoyed a meteoric success. Image quality
has been improved with increased number of pixels,
automatic light exposure adaptation and wider angle of
view. Further applications of capsule endoscopy of oth-
er areas of the digestive tract are being explored. The
increased transmission rate of images per second has
made capsule endoscopy of the esophagus a realistic
possibility. Technological advances that include a dou-
ble imager capsule with a nearly panoramic view of the
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colon and a variable frame rate adjusted to the move-
ment of the capsule in the colon have made capsule
endoscopy of the colon feasible. The diagnostic rate
for the identification of patients with polyps equal to or
larger than 6 mm is high. Future advances in technol-
ogy and biotechnology will lead to further progress.
Capsule endoscopy is following the successful modern
trend in medicine that replaces invasive tests with less
invasive methodology.

© 2012 Baishideng. All rights reserved.
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BACKGROUND AND HISTORY

Two researchers, Gabriel Iddan and Paul Swain, inde-
pendently and extensively investigated the possibility of
transmitting images from the digestive tract to an extra-
corporeal receiver by swallowing a wireless capsule cam-
era. Technological advancements lead to miniaturization
of the electronic image processing unit (charged couple
device, 1969) and the development of a more energy ef-
ficient processor and transmitter of digital information
(CMOS 1994). The imagination of these two research-
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ers began to reach the fringes of reality. In 1996, Paul
Swain-a gastroenterologist-demonstrated that a wireless
ingested capsule could transmit on line images from a pig
stomach to an outside receiver. At this point this find-
ing remained in the realm of a curiosity. Gabriel Iddan-
an electro optic engineer, PhD-contacted Paul Swain and
offered him to join forces to conquer new territory in
the field of gastroenterology. The next great successful
step forward in the research of these scientists was to
cooperate and not to compete with each other. And so
it came that in 1999 the internal review board permitted
the ingestion of a prototype capsule endoscope in a hu-
man. Paul Swain executed this honor in Israel. Iddan and
Swain had obtained proof of principle.

The concept of wireless capsule endoscopy became
more intriguing. Yet the pivotal question remained. Did
this device carry any medical relevance? A clinical trial
was designed to address this question. A gastrointestinal
medical condition, occult gastrointestinal bleeding, was
chosen which was known to challenge treating physi-
cians. These are patients with bleeding from the digestive
tract who have undergone a work up which includes an
esophagogastroduodenoscopy, colonoscopy and some
kind of small bowel imaging such as a small bowel series
or computerised tomography enterography with negative
results. The plan was to take 20 such patients and have
the capsule compete with the best available technology
at that time, namely fiberoptic enteroscopy. Capsule en-
doscopy outdid fiberoptic enteroscopy by a ratio of 2:1.
Lewis and Swain presented their results at DDW in 2001.
The United States Food and Drug Administration imme-
diately recognized the benefit of this concept in summer
of 2001. Lewis and Swain’s findings were since confirmed
by more than a dozen studies. In the meanwhile capsule
endoscopy of the small bowel has proven its clinical rele-
vance in diagnosing non-steroidal anti-inflammatory drug
(NSAID) induced small bowel disease, Crohn’s disease,
neoplastic disease and others.

In January 2002, I gave a lecture on capsule endos-
copy and pointed out that 3000 capsule ingestions had al-
ready taken place. The importance of capsule endoscopy
to the field of gastroenterology is reflected in the fact
that in the following 10 years over one and half million
capsule examinations have been performed. The plethora
of information and publications that has accumulated
from capsule endoscopy can be seen in Figure 1. That
same year I experienced a very moving experience when
I presented a review on small bowel pathology induced
by NSAIDs. The previous speaker at the conference was
Professor Bjarnason. When I asked him if he was the
Professor Bjarnason who based on intestinal permeabil-
ity studies nearly two decades earlier had predicted that
NSAIDs caused small bowel mucosal damage he mod-
estly responded with yes. Then I continued to inform
him that it was for me a true honor to present to him the
images of capsule endoscopy that proved he had been
right all along;
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FURTHER DEVELOPMENTS

Small bowel

Capsule endoscopy has undergone many further devel-
opments. Picture quality has been improved by the intro-
duction of devices with wider angle of view, better lenses
and automatic control of light exposure to improve per-
formance of small bowel survey by the capsule. Capsule
endoscopy of the small bowel has made traditional small
bowel series obsolete. What has been proven to be cor-
rect for the upper gastrointestinal tract and the colon has
been proven to be true for the small bowel, too. Direct

optical inspection is superior to barium studies, for this
reason the gastroscope replaced the upper gastrointesti-
nal series, the colonoscope the barium enema and now
capsule endoscopy has replaced the small bowel series ex-
amination. Triantafyllou has made the interesting obser-
vation that use of a capsule camera with two imagers, an
imager at each end of the capsule, for the evaluation of
small bowel pathology will increase the diagnostic yield
by 5 percent'. His observation is in good keeping with
our own. Severity of Crohn’s disease is influenced by the
fact whether the standard capsule, one imager at one end
and the antenna at the other end of the capsule, enters
the small bowel with the camera leading or the antenna
leadingm.

A further step forward is the image modifier software
added to the reading package of Given Imaging. I find
it very helpful to modify basic colors. For instance par-
tially oxidized blood appears black with standard review
software. The FICE option of the new software turns
this dark blood into bright red. Pathological mucosa ap-
pears different from the background healthy mucosa in
blue mode. Whenever I encounter a finding that may be
a small superficial ulceration versus overlying debris, 1
activate the blue mode. If it is a true ulceration or mu-
cosal break then the margin of the ulcer next to healthy
mucosa is reflected as a thin hemorrhagic border. The
development of this technology may open the doors to
optical biopsy.

The advent of double balloon (push pull endoscopy)
did not replace the need for capsule endoscopy of the
small bowel. Controlled studies have demonstrated that
these two procedutes are complementary. The diagnostic
yield of capsule endoscopy and the ability to screen the
entire small bowel are superior with capsule endoscopy.
Furthermore capsule endoscopy can indicate if double
balloon endoscopy should be performed #»ia the oral or
anal route”. These studies conclude that in case of sus-
pected small bowel disease a capsule study is to be per-
formed. The results of the capsule study may indicate the
need for therapeutic or diagnostic intervention. That is
when double balloon endoscopy should be performed.

ESOPHAGUS

Capsule endoscopy has been extended to examine the
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Figure 2 Colon capsule with two video cameras at each end of the cap-
sule.

esophagus. Capsule transit time vz the esophagus is sig-
nificantly faster than transit time in the small bowel. For
this reason two cameras transmitting images at a high rate
(14 frames per second) have been placed at each end of
the esophageal capsule camera. These cameras with high
transmission screen the esophagus well. The esophageal
capsule has a very high diagnostic sensitivity for diseases
such as reflux esophagitis, Barrett’s esophagus or esopha-
geal varices'’. The advantages for using capsule endos-
copy ate the lack of need for sedation, non invasiveness
and the possibility of performing the procedure at the
first office visit. The disadvantage is that the esophageal
capsule is competing with a very good, albeit invasive de-
vice, the gastroscope, which is in most places cheaper.

COLON

The fact that a noninvasive method could provide direct
visual inspection of the intestinal lining made the con-
cept of capsule inspection of the colon very attractive.
The procedure to obtain direct inspection by standard
colonoscopy requires the use of an invasive test with se-
dation. Although the risks for severe complications with
standard colonoscopy are small there is an underrated
amount of significant post procedural complaints leading
to increased emergency room visits after colonoscopym.
Compliance of healthy individuals to undergo colonos-
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Figure 3 Extension of angle of view in second generation colon capsule
(C2) versus first generation colon capsule (C1).

copy for primary colon cancer prevention is suboptimal.
Yet the obstacles to produce a capsule camera that
could screen the colon were challenging for the following
reasons: (1) The small bowel is narrow compared to the
large bowel. As the capsule camera enters the small bowel
the lumen of the small bowel is by and large too small to
permit the capsule to turn along its own axis. Therefore
the capsule will enter either with the camera leading or
the part of the capsule containing the antenna leading,
The capsule will remain oriented in the given position
as it entered the small bowel along its journey through
the small bowel. For this reason the single camera of the
small bowel capsule will screen the entire small bowel
mucosa. This is not true for the colon. There the capsule
can tumble backwards and forwards in the wide lumen
of the colon. If this were to happen then there would be
areas of the colon that the capsule would capture twice
and areas that the capsule would not capture at all. The
engineers at Given Imaging designed a colon capsule that
has two cameras, one camera at each end (Figure 2). The
colonic mucosa is visualized from both directions simul-
taneously and thus complete visual coverage of the entire
colon is guaranteed; (2) The transit time to reach the end
of the colon is much longer than the time required for
the capsule to reach the cecum. Furthermore the colon
capsule consumes more energy than the small bowel cap-
sule since it transmits images from two cameras. While
the energy needs of the colon capsule are that much
greater than the small bowel capsule, the amount of en-
ergy available to the capsule for transmitting images to
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the external recorder is limited to two watch batteries. To
guarantee adequate energy supplies for the transmission
of images from the colon, the colon capsule was put to
sleep for an hour and a half five minutes after ingestion;
and (3) Whereas in standard colonoscopy some minimal
amount of liquid debris can be aspirated via the colono-
scope, minimal amount of debris may compromise the
capsule’s ability to identify pathological changes. A more
vigorous bowel preparation had to be offered to patients
to assure proper cleansing for colon capsule examina-
tions. A clear liquid diet prior to the day of examination
and split dose Polyethyleneglycol ingestion achieved ad-
equate cleansing in 80% of patientsm.

The first colon capsule was put to the test in the year
2005 and 2006. The results of three studies wetre encout-
aging. Firstly the bowels could be adequately cleansed
in 80% of patients. Secondly the capsule could traverse
through the entire gastrointestinal tract and transmit
images from the entire colon. Finally the capsule did in-
dentify pathologies such as polyps, tumors, colitis, diver-
ticulosis and internal hemorrhoids. The suboptimal iden-
tification of patients with colonic polyps as compared to
standard colonoscopy fell short of expectations.

What I find impressive is that the engineers at Given
Imaging did not accept defeat. Instead of surrendering
they analyzed in detail the shortcomings of the colon
capsule. With the results of their analysis they created
the second generation colon capsule. Here are some of
the changes that they made. The angle of view of the
first generation colon capsule camera is 154 degrees.
The angle of view has been widened to 172 degrees for
each camera of the second generation colon capsule.
This change provides a near full panorama view (Figure
3). The Data Recorder 3 is a true revolution in capsule
endoscopy. This device has been endowed with artifi-
cial intelligence. It communicates with the capsule and
the capsule is programmed to carry out the instructions
received by the data recorder. Not only does this new
data recorder speak to the capsule camera, it also com-
municates with the patient undergoing the colon capsule
examination. Let me walk you, the reader, through the
process.

The colon capsule is ingested by the patient. After
three minutes the rate of transmission is reduced to 16
images per minute to conserve energy. The received
images are constantly analyzed and recognized by data
recorder 3. If after one hour data recorder 3 notices that
the colon capsule is still in the stomach it will talk to the
subject by activating an alarm ring tone, a vibrating de-
vice attached to the antenna and display number 0 on the
liquid crystal display screen. The patient will consult his
instruction sheet and learn that the number 0 indicates
that he/she has to ingest a prokinetic agent such dom-
peridone or metoclopramide. However if the capsule has
left the stomach and entered the small bowel, the artificial
intelligence of data recorder 3 will recognize that the cap-
sule is now in the small bowel. Data recorder 3 will order
the capsule to raise the transmission rate from 16 images
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per minute to 4 images per second. At the same time data
recorder 3 will communicate with the patient and tell him
to ingest his booster. The purpose of this booster is to
shorten small bowel transit time and to maintain adequate
cleanliness of the bowel. The artificial intelligence of
the data recorder will recognize if the capsule is station-
ary or in motion. Once data recorder 3 recognizes that
the capsule is in motion it orders the capsule to raise its
transmission rate to 35 images per second. The process
of recognition to execution literally takes place in a split
second. This rapid transmission rate (35 images per sec-
ond) provides adequate number of colonic images while
the capsule is in motion especially while flying through

the transverse colon.

The software program for colon capsule 2 has been
equipped with a polyp size assessor. The cursor is drawn
from one side of the polyp to the other and the algo-
rithm spits out the size of the polyp in mm. The system
is reliable. The same polyp seen from distance or from

close up will have the same size.

While these technological achievements are very im-
pressive (a data recorder talking to capsule and patient,
analyzing images, determining location, position-station-
ary versus motion, altering transmission rate) the same
question has to be asked as we had asked ourselves at the
outset of capsule endoscopy in the year 2000. Is this a

high tech toy or a medically relevant tool?

We engaged in a five center prospective double blind
feasibility study in Israel in which this second generation
colon capsule was compared to standard colonoscopy
for the identification of patient with colonic polyps. 104
patients were enrolled. Whereas in the European multi-
center trial published in 2009 the sensitivity to identify
patients with polyps was only 60% the sensitivity in the
multicenter Israel trial with the second generation colon

capsule rose to 90%". This marked improved diagnos-

tic sensitivity was reproduced by a recent European

study with the second generation colon capsule[s]. This

improvement (raise in diagnostic sensitivity from 60%
to 90%) has to be attributed to the revolutionary new
capsule platform of this second generation colon cap-
sule. The three previous studies with the first generation
colon capsule had a very similar design as our present
study. Good bowel cleansing was obtained at similar
rates as in this new study. The only factor which set this
second generation colon capsule study apart from the
previous studies is the new technological platform. Pro-
tocol restraints contributed to a relatively low specificity.
Colonoscopy was defined as the gold standard. Even
in good hands standard colonoscopy is known to miss

colonic polyps[g’m]. If the capsule identified a polyp and

the first colonoscopy missed the polyp yet the polyp was
found on repeat colonoscopy this was counted as a false
positive capsule finding. The same is true for polyp miss
match between colon capsule and colonoscopy. If colon
capsule identified the polyp to be 12 mm large and the
colonoscopy defined the polyp to be 9 mm then this too

was counted as a false positive capsule result.
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The negative predictive value of 97% is very high

and is clinically very meaningful. The physician offering
his patient a colon capsule study can tell his patient that
a negative study has 97% accuracy that he harbors no

polyps.

The fact that the intelligent data recorder 3 not only

talks to the capsule but to the patient too has opened
the door to offer colon capsule studies as an outpatient
procedure. Increasing compliance to participate in colon
screening programs is essential to reduce colon cancer

mortality in our society. Hassan e# al"" have calculated re-

lying on figures from first generation colon capsule stud-
ies with a relative low sensitivity to detect patients with
colonic polyps that increasing compliance to participate
in capsule colon cancer screening by 4% would save the
same amount of lives as colonoscopy does today. With
the second generation colon capsule only a 2% increase
in compliance will lead to an equal number of patients
saved by colon cancer.

THE FUTURE

Gz
Raishideng®

The future will be brighter and better than the past and
present. Our good technologies will be replaced and re-
tired by better technologies. My immediate expectations
are that we will enjoy capsule endoscopes that will give us
a realistic assessment of the entire gastrointestinal tract.
Invasive diagnostic tests will be a thing of the past. Inva-
sive tests will be reserved for therapeutic interventions.
My further expectations are that we will not only look
and the mucosal surface of the gastrointestinal tract but
that we will focus on the host of molecular signals pres-
ent in the lumen of the digestive tract. Molecular mark-
ers will include tumor markers, oncogenes or oncogene
derived proteins, tissue transglutaminase, inflammatory
parameters such as calprotectin and others. For us to
get there we need the dreams of a Gabriel Iddan and a
Paul Swain with the commitment and tenacity that these
young and bright people at the Research and Develop-
ment department of Given Imaging have. It is first and
foremost to these bright and dedicated young engineers
and scientists that I owe the thrill of the past ten years
that permitted me to be part of the team that moved the
border of knowledge another mile forward.

So my message to all of you, let’s keep our dreams
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alive.

REFERENCES

1

10

11

Triantafyllou K, Papanikolaou IS, Papaxoinis K, Ladas SD.
Two cameras detect more lesions in the small-bowel than
one. World | Gastroenterol 2011; 17: 1462-1467

Adler SN, Metzger YC. Heads or tails, does it make a differ-
ence? Capsule endoscope direction in small bowel studies is
important. Endoscopy 2007; 39: 910-912

Gay G, Delvaux M, Fassler I. Outcome of capsule endoscopy
in determining indication and route for push-and-pull enter-
oscopy. Endoscopy 2006; 38: 49-58

Koslowsky B, Jacob H, Eliakim R, Adler SN. PillCam ESO in
esophageal studies: improved diagnostic yield of 14 frames
per second (fps) compared with 4 fps. Endoscopy 2006; 38:
27-30

Leffler DA, Kheraj R, Garud S, Neeman N, Nathanson LA,
Kelly CP, Sawhney M, Landon B, Doyle R, Rosenberg S, Ar-
onson M. The incidence and cost of unexpected hospital use
after scheduled outpatient endoscopy. Arch Intern Med 2010;
170: 1752-1757

Eliakim R, Fireman Z, Gralnek IM, Yassin K, Waterman
M, Kopelman Y, Lachter ], Koslowsky B, Adler SN. Evalua-
tion of the PillCam Colon capsule in the detection of colonic
pathology: results of the first multicenter, prospective, com-
parative study. Endoscopy 2006; 38: 963-970

Eliakim R, Yassin K, Niv Y, Metzger Y, Lachter J, Gal E,
Sapoznikov B, Konikoff F, Leichtmann G, Fireman Z, Ko-
pelman Y, Adler SN. Prospective multicenter performance
evaluation of the second-generation colon capsule compared
with colonoscopy. Endoscopy 2009; 41: 1026-1031

Spada C, Hassan C, Munoz-Navas M, Neuhaus H, Deviere
J, Fockens P, Coron E, Gay G, Toth E, Riccioni ME, Carretero
C, Charton JP, Van Gossum A, Wientjes CA, Sacher-Huvelin
S, Delvaux M, Nemeth A, Petruzziello L, de Frias CP, May-
ershofer R, Amininejad L, Dekker E, Galmiche JP, Frederic M,
Johansson GW, Cesaro P, Costamagna G. Second-generation
colon capsule endoscopy compared with colonoscopy. Gas-
trointest Endosc 2011; 74: 581-589.e1

Rex DK, Cutler CS, Lemmel GT, Rahmani EY, Clark DW,
Helper DJ, Lehman GA, Mark DG. Colonoscopic miss rates
of adenomas determined by back-to-back colonoscopies.
Gastroenterology 1997; 112: 24-28

Heresbach D, Barrioz T, Lapalus MG, Coumaros D, Bauret P,
Potier P, Sautereau D, Boustiere C, Grimaud ]JC, Barthélémy
C, Sée ], Serraj I, D'Halluin PN, Branger B, Ponchon T. Miss
rate for colorectal neoplastic polyps: a prospective multi-
center study of back-to-back video colonoscopies. Endoscopy
2008; 40: 284-290

Hassan C, Zullo A, Winn S, Morini S. Cost-effectiveness of
capsule endoscopy in screening for colorectal cancer. Endos-
copy 2008; 40: 414-421

S- Editor Song XX L-Editor A E- Editor Zhang DN

October 16, 2012 | Volume 4 | Issue 10 |



wdJ ¢

World Journal of
Gastrointestinal Endoscopy

Online Submissions: http:/ /www.wjgnet.com/esps/
wjge@wjgnet.com
doi:10.4253/ wijge.v4.i10.453

World | Gastrointest Endosc 2012 October 16; 4(10): 453-461
ISSN 1948-5190 (online)
© 2012 Baishideng. All rights reserved.

REVIEW

Current status of device-assisted enteroscopy: Technical
matters, indication, limits and complications

Maria Elena Riccioni, Riccardo Urgesi, Rossella Cianci, Alessandra Bizzotto, Domenico Galasso,

Guido Costamagna

Maria Elena Riccioni, Unit of Digestive Endoscopy, Catholic
University of Rome, Largo A Gemelli, 00168 Rome, Italy
Riccardo Urgesi, Unit of Gastroenterology and Digestive Endo-
scopy, Belcolle Hospital, 01100 Viterbo, Italy

Rossella Cianci, Unit of Internal Medicine, Catholic University
of Rome, Largo A Gemelli, 00168 Rome, Italy

Alessandra Bizzotto, Domenico Galasso, Guido Costama-
gna, Unit of Digestive Endoscopy, Catholic University of Rome,
Largo A Gemelli, 00168 Rome, Italy

Author contributions: All authors have worked in the same way
to the drafting of the article.

Correspondence to: Dr. Riccardo Urgesi, Unit of Gastroen-
terology and Digestive Endoscopy, Belcolle Hospital, 01100 Vit-
erbo, Italy. riurgesi@tin.it

Telephone: +39-761-339399  Fax: +39-761-339313
Received: November 28, 2011 Revised: August 24, 2012
Accepted: October 13,2012

Published online: October 16, 2012

Abstract

Enteroscopy, defined as direct visualization of the small
bowel with the use of a fiberoptic or capsule endosco-
py, has progressed considerably over the past several
years. The need for endoscopic access to improve
diagnosis and treatment of small bowel disease has
led to the development of novel technologies one of
which is non-invasive, the video capsule, and a type of
invasive technique, the device-assisted enteroscopy.
In particular, the device-assisted enteroscopy consists
then of three different types of instruments all able to
allow, in skilled hands, to display partially or throug-
hout its extension (if necessary) the small intestine.
Newer devices, double balloon, single balloon and spi-
ral endoscopy, are just entering clinical use. The aim of
this article is to review recent advances in small bowel
enteroscopy, focusing on indications, modifications to
improve imaging and techniques, pitfalls, and clinical
applications of the new instruments. With new techno-
logies, the trials and tribulations of learning new endo-
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scopic skills and determining their role in the diagnosis
and treatment of small bowel disease come. Identifica-
tion of small bowel lesions has dramatically improved.
Studies are underway to determine the best strategy to
apply new enteroscopy technologies for the diagnosis
and management of small bowel disease, particularly
obscure bleeding. Vascular malformations such as angi-
ectasis and small bowel neoplasms as adenocarcinoma
or gastrointestinal stromal tumors. Complete entero-
scopy of the small bowel is now possible. However, be-
cause of the length of the small bowel, endoscopic exa-
mination and therapeutic maneuvers require significant
skill, radiological assistance, the use of deep sedation
with the assistance of the anesthetist. Prospective ran-
domized studies are needed to guide diagnostic testing
and therapy with these new endoscopic techniques.
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Key words: Device-assisted enteroscopy; Double balloon;
Single balloon; Spiral endoscopy

Peer reviewer: Carlo M Girelli, MD, 1st Department of Internal
Medicine, Service of Gastroenterology and Digestive Endoscopy,
Hospital of Busto Arsizio, Via Arnaldo da Brescia, 121052 Busto
Arsizio (VA), Italy

Riccioni ME, Urgesi R, Cianci R, Bizzotto A, Galasso D, Costa-
magna G. Current status of device-assisted enteroscopy: Techni-
cal matters, indication, limits and complications. World J Gas-
trointest Endosc 2012; 4(10): 453-461 Available from: URL:
http://www.wjgnet.com/1948-5190/full/v4/i10/453.htm DOI:
http://dx.doi.org/10.4253/wjge.v4.110.453

INTRODUCTION

The diagnosis of small-bowel disorders has long been a
challenge to gastroenterologists because of the length of
the small intestine, its anatomy, and the lack of adequate
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diagnostic tools. The advent of capsule endoscopy and
push-and-pull enteroscopy during the last decade revolu-
tionized the management of small-bowel disorders.

Although capsule endoscopy can visualize the entire
small intestine, a main disadvantage is the inability to
obtain biopsy specimens or perform therapeutic manoeu-
vres via this procedure. In contrast, device-assisted entet-
oscopy techniques, including double-balloon enteroscopy
(DBE), single-balloon enteroscopy (SBE), and spiral
enteroscopy (SE), have both diagnostic and therapeutic
capabilities.

DBE was first introduced by Sugano ez a'! in 2001
and has gained widespread acceptance since then. It is the
most studied and established deep enteroscopy technique
to date. Multiple studies have assessed the utility of DBE
for the diagnosis and management of various small-bow-
el disorders, particularly obscure gastrointestinal bleeding
(OGIB) and inflammatory bowel disease.

SBE and SE are the latest breakthrough techniques
in endoscopic evaluation of the small bowel. Initial stud-
ies of deep enteroscopy focused on presenting narrative
experiences with the individual techniques. Since then,
comparative trials have been conducted to compare the
utility of these various techniques in terms of their di-
agnostic yield, depth of maximal insertion, efficacy, and
complications.

This review presents a detailed analysis of the current
status of different types of device-assisted enteroscopy
(DAE), with particular focus on indications, contraindica-
tions, sedation, choice of insertion route, complications,
and relevant technical points.

DAE

There are currently 3 options available for the petfor-
mance of deep enteroscopy, DBE, SBE, and spiral enter-
0SCOPY.

DBE

DAE allows deeper intubation of the small bowel com-
pared with push enteroscopy (PE) and ileocolonoscopy.
There are two DAEs currently available: the DBE (Fuji-
non, Wayne, NJ), and the SBE (Olympus America). The
concept of DBE was introduced in 1997" and was sub-
sequently introduced into the United States in 2004 (Fuji-
non Inc, Saitama, Japan). The development of DBE was
based on the concept that “stretching” of the small intes-
tinal wall prevents further endoscopic advancement, and
that the usage of a balloon would grip the intestinal wall
and prevent subsequent loop formation”. The diagnostic
enteroscope (EN450P5) has a 200-cm working length, an
endoscope diameter of 8.5 mm, and an accessory chan-
nel of 2.2 mm. The therapeutic enteroscope (EN450T5)
has a diameter of 9.4 mm and an accessory channel of 2.8
mm. The DBE is composed by both an enteroscope and
an overtube, both of which have balloons at the distal
end. The two balloons on the DBE are latex made. Both
enteroscopies have an overtube length of 140 cm. This
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type of examinations is generally performed under x-rays
control (Figure 1).

Using the DBE entails a series of steps that use a
push-and-pull techniquem. This process facilitates pleat-
ing of the small bowel over the enteroscope, allowing for
deep enteroscopy. Balloon Assisted Enteroscopy (BAE)
can be performed with the antegrade (oral) or retrograde
(aboral) approach. DBE allows intubation (240-360 cm
antegrade and 102-140 cm retrograde) deeper than pos-
sible with PE (90-150 cm) or ileoscopy (50-80 cm).

Its additional diagnostic and therapeutic advantages
over capsule endoscopy include its facilitation of biop-
sies, tattoos, hemostasis, polypectomy, and foreign body
removal, dilation and/or stent placement™”, The diag-
nostic yield of DBE ranges from 60% to 80% in patients
with OGIB and other small bowel pathologies. Total
enteroscopy with DBE is defined as complete evalua-
tion of the small bowel, with either a single approach or
a combined antegrade-retrograde approach. However, it
may not be feasible in all patients; the reported success
rate is 16%-86%"". Tt is likely that the wide range of en-
teroscopy completion rate among the different Western
and Asian study is attributable in part to the different
types of patients subject to investigation and partly to the
diversity of different chronological studies examined.

The main limitations of DBE include its invasive
nature and prolonged duration. The reported complica-
tion rate for diagnostic procedures is 0.8% but can be as
much as 4% with therapeutics such as electrocoagula-
tion, polypectomy, or dilation. The main complications
are pancreatitis, ileus and perforation[S’g’l()J. Patients who
are not medically stable should not undergo BAE. Those
who have had extensive abdominal surgeries may be
poor candidates because of adhesions or altered anatomy
which may prevent the scope from advancing,

SBE

The SBE system includes the SIF-Q160 endoscope (Olym-
pus Optical Company, Ltd, Tokyo, Japan) with a working
length of 200 cm and 9.8 mm in diameter and contains a
2.8 mm diameter working channel (Figure 2A), the Bal-
loon Control Unit OBCU (Figure 2B) and the ST-SB1
single-use splinting tube (overtube) with a length of 132
cm and an outer diameter of 13.2 mm (Figure 2B).

The splinting tube’s smooth glide, hydrophilic coating
is activated with the simple addition of 30 mL of water.
The SBE is controlled by repeatedly inflating and deflat-
ing a single balloon, attached to the distal end of the
splinting tube, #ia the remote balloon controller.

Radiopaque material is used in the distal end of the
ST-SB1 to allow confirmation of the splinting tube’s tip
under fluoroscopy, further enhancing insertion perform-
ance into the deep small intestine. To improve manoeu-
vrability of insertion, the SIF-Q160 features a distal-
end diameter of just 9.2 mm while maintaining a high-
resolution image quality. By optimizing both the distal
end length and bending section radius, the SIF-Q160
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Figure 1 X-rays control.

Table 1 Comparison between the three enteroscopic

techniques (single balloon, double balloon, spirus)

Single Double Spirus
balloon  balloon enteroscopy

The depth of insertion Similar ~ Similar Similar
Diagnostic yield Similar ~ Similar  Slightly lower
Therapeutic interventions Similar ~ Similar Similar
Complications rate Similar ~ Similar  Slightly lower
Duration of the enteroscopy Similar ~ Similar  Slightly lower
Duration of the sedoanalgesia Similar ~ Similar  Slightly lower
Learning curve Similar ~ Similar Similar

extensive angulation capability allows acute turns in the
small intestine, which allows a smoother insertion. So the
ST-SB1 single use splinting tubes used as over-tubes are
made from silicone rubber to eliminate the risk of latex
allergy[“’u].

Spiral enteroscopy
Spiral enteroscopy is the newest enteroscope system
available for clinical use (Figure 2B). The Endo-Ease Dis-
covery SB (Spirus Medical, Stoughton, MA) is a spiral-
shaped overtube 118 cm long; its hollow spiral is 5.5 mm
high and 22 cm long, with a locking device on the proxi-
mal end. It is used for enteroscopy #ia the oral route and
can be used only with enteroscopies < 9.4 mm in diam-
eter. Spiral enteroscopy allows for advancement and with-
drawal of the enteroscope through the small bowel with
rotatory clockwise and counter clockwise movements.
The distal end of the overtube is positioned 25 cm from
the tip of the enteroscope and locked into place. The
system is then advanced to the ligament of Treitz with
gentle rotation. Once there, the collar is unlocked and the
enteroscope is advanced past the ligament of Treitz"".
There is also an overtube for a rectal approach called the
Endo-Ease Vista Retrograde (Spirus Medical), which can
be used for limited ileoscopy, as well as for difficult colo-
noscopy using a pediatric colonoscope.

Preliminary reports with spiral enteroscopy demon-
strate insertion depths less than reported with DBE/SBE
but carries the associated advantage of accelerated pro-
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Figure 2 Single-balloon enteroscopy system. A: The Single-balloon en-
teroscopy system system includes the SIF-Q160 endoscope; B: The Balloon
Control Unit OBCU and the Splinting Tube-SB1 single-use splinting tube (over-
tube).

cedural times. A preliminary study of the Discovery SB
suggested a diagnostic yield of 33% and an average depth
of insertion of 176 cm from the ligament of Treitz",
Another study reported a mean = SD depth of insertion
of 262 £ 5 cm and a mean total procedure time of 33.6
+ 8 min'". This modality also allows performance of
therapeutics, including biopsy, hemostasis, and polypec-
tomy. The rate of severe complications is reported to be
0.3%, with a perforation rate of 0.27%". No esophageal
or gastric perforations have occurred. The device is easy
to use and may be effectively operated in as few as five
training cases' ™", The main characteristics of the three
enteroscopic techniques are shown in Table 1.

PATIENTS’ PREPARATION FOR DAE

Preparation for DAE examination includes a 12 h over-
night fast. Patients, who underwent anterograde and ret-
rograde procedures, received 2 L and 4 L of polyethylene
glycol electrolyte lavage solution the day before examina-
tion, respectively.

The starting insertion oral or anal route was chosen as
per clinical judgement according to the probable location
of the suspected lesions on the basis of clinical presenta-
tion and of previous investigations. Many of the proce-
dures were performed under deep sedation or general
anaesthesia.
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MAIN INDICATIONS FOR DEVICE-
ASSISTED ENTEROSCOPY

The main therapeutical indications for BAE include the
need for treatment of small intestinal lesions found on
other gastrointestinal investigations, such as capsule en-
doscopy or radiological examinations. However, an initial
capsule endoscopy study remained a preferred initial
strategy owing to the higher complication rate associ-
ated with DAE. The procedure is not used in Western
Countries as a first line therapy and is performed only
after careful evaluation by a specially trained gastroentet-
ologist"”. The main indications are: bleeding lesions seen
on capsule endoscopy, worrisome lesions or masses seen
by other modalities, polyps in patients with hereditary
syndromes, retained foreign objects (especially small-
bowel capsules), and small bowel strictures"”. Therapies
include treatment of bleeding lesions such as angioec-
tasias, dilation of strictures using a hydrostatic balloon
dilator, removal by snare or biopsy of polyps or small
bowel masses, retrieval and removal of foreign objects or
retained capsules, and biopsy of abnormal tissue. Balloon
assisted enteroscopy has also been used in gaining access
to parts of the gastrointestinal tract in patients with sur-
gically altered anatomy.

OBSCURE GASTROINTESTINAL

BLEEDING

OGIB has been defined as bleeding from the gastroin-
testinal tract that persists or recurs after a negative initial
evaluation of digestive system by upper and lower endos-
copym.

BAE (including possible total enteroscopy) should be
pursued after a negative CE but high clinical suspicion
for a small bowel lesion'™

In multiple large studies of patients with OGIB who
underwent BAE, the diagnostic yield ranged from 43% to
81%'*"*| Treatment success rates of between 43% and
84% have been reported®**, Few studies have evaluated
a combined antegrade and retrograde approach[()’znsj.
Multiple studies have been conducted to compare BAE
with PE and CE. In one controlled, prospective trial
of 52 patients with OGIB, BAE was superior to PE in
length of small bowel visualized (230 cm 25 80 cm, P <
0.0001) and diagnostic yield (63% 5 44%, P < 0.0001)"".,

A meta-analysis of 11 studies comparing the yield of
CE and BAE, including 375 patients with small-bowel
disease, reported comparable diagnostic yields (60% »s
57%, respectively). The pooled yield for angiectasis in
the 350 patients with OGIB was similar, with 24% for
both CE and BAE™. A more recent retrospective study
of 162 patients with OGIB also suggested no significant
difference in overall diagnostic yield between CE (54%)
and BAE (64%). Similar results were found in another
meta analysis. In this study, a sub analysis of 191 patients
undergoing only antegrade or retrograde BAE indicated
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a significantly higher yield of CE s BAE (62% »s 50%, P
< 0.05). However, when both antegrade and retrograde
BAEs were performed in 24 patients, the yield of BAE
was higher than that of CE (88% »s5 46%, P < 0.01)".
Finally, in a retrospective study investigating the role
of BAE prior to intraoperative endoscopy for those in
whom BAE identified a source (53/56 patients), subse-
quent intraoperative endoscopy was negative in only one
patient™,

A modeled cost-minimization analysis of the manage-
ment of occult OGIB proposed BAE as the most cost-
effective initial test after standard endoscopy if the goal
is treatment or definitive diagnosism. Another model
suggested that initial BAE was a cost-effective approach
for patients with OGIB who likely have angiectasis in
the small bowel accessible with a single antegrade ap-
proachm‘. However, comparative studies regarding exist-
ing deep enteroscopy techniques are controversial™.

CROHN'’S DISEASE

The yield of Crohn’s disease (CD) in patients who un-
dergo DAE (DBE) for suspected small bowel disorders
has been reported as 5%-13%", whereas the yield is
substantially higher (74%-96%) in patients with known
inflammatory bowel disease™. The diagnosis of CD,
reached by BAE, influenced medical management in 63%
but the procedure was unsuccessful in 26% of patients
who underwent previous abdominal surgerymj. In a re-
cent study comparing the diagnostic yield of DBE and
Small Bowel Follow Through, 60% of patients had small
bowel involvement proximal to the distal 20 cm of the
ileum that was not accessible to detection by ileocolonos-
copy™. DBE and CE have an apparently equivalent yield
for diagnosis of CD and appear to be complementarym.
A meta-analysis of 11 studies comparing CE with DBE
in 375 patients with suspected mild-gut disease found a
comparable yield for detection of mild-gut inflamma-
tion (pooled yield, 16% with DBE and 18% with CE™).
When ileocolonoscopy is negative, CE may be helpful
because it is relatively non invasive and has a higher rate
of success for achieving total enteroscopy, whereas BAE
is useful for tissue diagnosism].

BAE can also help with regard to therapeutic intet-
ventions in CD. DBE appears useful in facilitating endo-
scopic dilation of strictures, thereby decreasing the need
for surgery”™”. DBE has an additional role in retrieval
of retained capsules, which also helps avoid surgerym].

TUMORS AND POLYPS

Primary tumors of the small bowel are approximately 5%
of all primary gastrointestinal neoplasmswj. Traditionally,
they have been difficult to diagnose because of a vague
clinical presentation and the limitations of the usual diag-
nostic techniques in SB visualization'”.

Several studies suggest that DBE is useful in the diag-
nosis and treatment of small bowel tumors and polyps, in-
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cluding neuroendocrine tumors, Peutz-Jeghers syndrome,
and familial adenomatous polyposis'**. One small study
using DBE and intraoperative enteroscopy to evaluate 41
patients with familial adenomatous polyposis suggested
that DBE is of equivalent value for evaluation of SB
adenomas”’. A meta-analysis found DBE and CE to be
equal in diagnostic yield”. DBE can also identify single-
mass lesions missed on capsule endoscopylSOJ.

In a published series is discussed the role of enteros-
copy and endoscopic tattoos to facilitate minimal-invasive

surgery“sl.

MINOR INDICATIONS FOR DEVICE-
ASSISTED ENTEROSCOPY

Celiac disease

Few published studies address the role of DAE in evalu-
ating celiac disease. One study examined the role of
DBE in patients with refractory disease™. Twenty-four
procedures were performed in 21 patients. Enteropathy-
associated T-cell lymphoma was found in 5 patients, and
ulcerative jejunitis was found in 2 patients. In another
study evaluating DBE in 12 patients with malabsorption,
DBE yielded a diagnosis in 8 patientslszj.

Overall, DBE had a diagnostic value of 42% in pa-
tients with malabsorption of unclear origin. The authors
suggested reserving DBE for patients with unexplained
malabsorption and normal duodenal biopsies.

Paediatric patients

Papers related to the use and application of DBE in chil-
dren and adolescents is limited. Small intestinal DAE in
the paediatric population remains a relatively unknown
and perhaps an undervalued diagnostic and therapeutic
procedure when compared with the collective adult DBE
experience in which the therapeutic benefits of this tech-
nique have been cleatly established. This may be because
of a different spectrum of digestive pathophysiology
in children in whom small intestinal bleeding, the most
common indication for DBE in the adult population, is
relatively uncommon. As an essentially unknown proce-
dure in paediatrics, the safety and efficacy of DBE in this
population remains to be determined. Thus, the main
indications in paediatric patients seem to be related to
inflammatory bowel disease.

Recently, Lin ez a/” reported thirteen DBE proce-
dures performed on eleven 8- to 20-year old patients.
Clinically significant lesions were identified in 46% (6/13)
of the procedures performed. 6 procedures (6/13, 46%0)
were diagnostic or therapeutic for the patient and posi-
tively influenced their clinical management. A diagnosis
of Crohn’s disease was confirmed in 2 patients, and an
antegrade DBE procedure for another patient with a
cavernous hemangioma proved to be both diagnostic and
therapeutic. Three procedures were therapeutic in the
patients with Peutz-Jeghers syndrome with removal of
symptomatic hamartomatous polyps, an intervention that
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would traditionally have required a surgical approach.

No serious procedure-related complications occurred.
Self limited postprocedure abdominal pain and discom-
fort from gaseous distension was observed in several pa-
tients. DBE appears to be a safe endoscopic modality for
the diagnosis and treatment of children and adolescents
with suspected small bowel disease.

DAE IN SPECIAL SITUATIONS

Balloon-assisted colonoscopy
In recent studies using double balloon enteroscopy to
complete previously failed colonoscopy successful cecal
intubation was achieved in 88% to 100% of patients™* "
In the largest study®, successful DBE colonoscopy was
achieved in 93% of patients, with a mean time-to-cecum
of 19 min. However, other studies of DBE colonoscopy
have illustrated procedure times that are no faster than
those in this study, with mean time-to-cecum of 28 min
in one stuclyl54J and mean total procedure time of 51 min
in another™. No studies on these arguments are pub-
lished on SBE.

In conclusion, balloon assisted colonoscopy seems a
safe and effective method for completing colonoscopy in
patients with a previously failed or difficult colonoscopy.

ROLE OF BALLOON-ASSISTED
ENTEROSCOPY IN ERCP

There have recently been reports on diagnostic and ther-
apeutic ERCP using a DBE for pancreaticobiliary lesions
in patients with a history of intestinal bypass surgery'®
in cases of surgical reconstruction, such as Roux-en-Y
and Billroth II, and cases of anastomosis, such as cho-
ledochojejunostomy and hepaticojejunostomy.

As recently outlined by several other investigators
in small patients series™ ™ our stepwise approach with
push-enteroscope (PE) and DBE in 37 non-selected,
consecutive post-surgical patients found that DBE-ERCP
was clearly more efficient than PE. By the appropriate
use of DBE in over two-thirds of cases, enteroanastomo-
ses or papilla could be repeatedly reached, identified and
satisfactorily visualized. DBE-ERCP could be successful-
ly conducted in 74.1% of the cases iz the enteroscope,
while PE reached biliary anastomoses or papilla in only
16.2% of the patients, which resulted in successful ERCP
in only a minority of patients. Both results are in good
agreement with recently published data for the approach
by double- or single-balloon enteroscopywwj.

The threading of the small intestine onto the DBE
and the option to block the balloons at the enteroscope
provides the enteroscope tip with a greater possibility of
movement for identifying the biliary or pancreatic ana-
stomoses or the papilla. In addition, sliding back of the
enteroscope may be prevented by inflated balloons, whi-
ch, compated with PE, explains the significantly higher
effectiveness of interventions during DBE-ERCP.
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In a recent study of Raithel e 2/ out of the 37 post-
surgical patients with significant cholestasis and cholan-
gitis, PE achieved a successful bile duct drainage in six
(16.2%), whereas DBE facilitated successful ERCP with
biliary interventional procedures leading to significant re-
duction of cholestasis or cholangitis in 23 of 31 patients
(74.1%). Only one case of post-papillotomy bleeding
(3.2%), two of post-ERCP pancreatitis (6.4%) and two
perforations (6.4%) occurred following DBE-ERCP, but
no cholangitis or mortality has been recorded to date.

Thus, this first prospective investigation from a univer-
sity tertiary referral center confirms that DBE-ERCP has
considerable potential to treat successfully benign (posto-
perative) or malignant biliary and papillary stenosis.

The key benefits of DBE-ERCP in the care of post-
surgical patients with cholestasis/cholangitis and patients
with installed percutaneous drainage are somewhat limi-
ted by the small caliber of bile duct prostheses that are
applied »ia the enteroscope. According to the present sta-
te of technology, only an implantation of 5-8 Fr prosthe-
ses through an operating channel of 2.8 mm is possible.
Consequently, several prostheses (1.5 £ 0.7) were implan-
ted in our patients. Considering the enormous benefit of
DBE-ERCP with an approximately 74% successful bili-
ary drainage and a significantly smaller complication rate
than Percutaneous Transhepatic Cholangio Draimage
(PTCD)""™, the effort involved in such an examination
seems justified.

In conclusion, DBE for direct cholangiography seems
to be a possible option, particularly in patients with a past
history of abdominal surgery.

Complications and limitations of device-assisted
enteroscopy

The most commonly reported complications to date have
included pancreatitis, hemorrhage, and intestinal petfo-
ration. In a 10-center study describing 2362 DBE pro-
cedures performed in Europe and Japan, there were 40
(1.7%) complications, including pancreatitis in 7 (0.3%),
bleeding in 19 (0.8%), and perforation in 6 (0.3%)"". Per-
foration occurred after argon plasma coagulation therapy
for AVMs in 3 (1.2%) patients and after stricture dila-
tion in 2 (2.9%) cases. In another publication reporting
complications in 178 therapeutic DBE procedures, severe
treatment-associated complications occurred in 6 (3.4%):
bleeding in 2 patients, petforation in 3 patients after pol-
ypectomy of large polyps and segmental enteritis after
APC in 1 patient”. Although there are no published
contraindications to date, inflation of the balloons result-
ing in distention of the small bowel may lead to perfora-
tion in patients with pre-existing weakened small intestine
from inflammatory conditions or in areas of surgically
altered anatomy.

Perforations have been described in patients with
small bowel lymphoma undergoing chemotherapym, in
patients with recently created intestinal anastomoses’ ', in
the scenario of stricturing ileal Crohn’s disease™, and in
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patients with altered surgical anatomy, including ileal anal
anastomoses' . In a retrospective analysis of 2478 DBE
examinations performed in 9 United States centers "
(1691 anterograde examinations and 722 retrograde
DBEs), there were a total of 22 (0.9%) major complica-
tions, including perforation in 11 (0.4%), pancreatitis in 6
(0.2%), and bleeding in 4 (0.2%). Perforations occurred
in 3 of 1691 (0.2%) oral examinations and in 8 of 722
(1.2%) rectal DBEs. Eight (73%) perforations occurred
during diagnostic DBE examinations.

Four of 8 rectal DBE perforations occurred in pa-
tients with prior ileoanal or ileocolonic anastomoses.
In the subset of patients with available data regarding
altered surgical anatomy, perforations occurred in 7 (3%)
patients. On the basis of these data, the presence of al-
tered surgical anatomy and the execution of therapeutic
procedures should be considered to be a higher risk con-
ditions in the performance of balloon-assisted enteros-
copy.

In the end, in literature have been reported same
cases of unrecognized aspiration pneumonitis during en-
teroscopy resolved with medical therapy”g’m.

CONCLUSION

The advent of balloon-assisted enteroscopy has allowed
the endoscopist access to areas of the small intestine that
were not previously accessible. This article was designed
to review the history of small-bowel enteroscopy, the
technical aspects of balloon-assisted enteroscopy, and
common problems encountered by endoscopists pet-
forming DAE.

With this rapidly evolving technology, our ability to
diagnose and treat patients with mid-gut diseases has
improved enormously, resulting in a substantial change
in the management paradigm for these previously elusive
disorders. This new technology has improved our ability
to diagnose and monitor and treat artero-venous-mal-
formations (AVMs), CD and small bowel neoplasms. In
many cases, the ability to perform therapeutic interven-
tions has eliminated the need for invasive surgical proce-
dutres. However, larger studies ate needed to determine
the impact on clinical outcomes. None of the available
techniques in this moment seems to be superior to an-
other.
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Abstract

Endoscopy is an indispensible diagnostic and thera-
peutic instrument for gastrointestinal diseases. Endo-
cytoscopy and confocal endomicroscopy are two types
of ultra high magnification endoscopy techniques.
Standard endoscopy allows for 50 x magnification,
whereas endocytoscopy can magnify up to 1400 x and
confocal endomicroscopy can magnify up to 1000 x.
These methods open the realm of real time microscopic
evaluation of the GI tract, including cellular and subcel-
lular structures. Confocal endomicroscopy has the ad-
ditional advantage of being able to visualize subsurface
structures. The use of high magnification endoscopy in
conjunction with standard endoscopy allows for a real-
time microscopic assessment of areas with macroscopic
abnormalities, providing “virtual biopsies” with valuable
information about cellular and subcellular changes. This
can minimize the number of biopsies taken at the time
of endoscopy. The use of this technology may assist
in detecting pre-malignant or malignant changes at an
earlier state, allowing for earlier intervention and treat-
ment. High magnification endoscopy has shown prom-
ising results in clinical trials for Barrett's esophagus,
esophageal adenocarcinoma, esophageal squamous
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cell cancer, gastric cancer, celiac disease, colorectal
cancer, and inflammatory bowel disease. As the use of
high magnification endoscopy techniques increases,
the clinical applications will increase as well. Of the
two systems, only confocal endomicroscopy is cur-
rently commercially available. Like all new technologies
there will be an initial learning curve before operators
become proficient in obtaining high quality images and
discerning abnormal from normal pathology. Validated
criteria for the diagnosis of the various gastrointestinal
diseases will need to be developed for each method. In
this review, the basic principles of both modalities are
discussed, along with their clinical applicability and limi-
tations.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Endoscopy is an essential tool for the diagnosis and
treatment of upper and lower gastrointestinal diseases.
From the humble beginnings of various tubes and cath-
eters of the 1600 s, the technological development in
endoscopic imaging has been astounding. The most sig-
nificant developments in gastrointestinal imaging include
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fibre optic endoscopy with the first clinical publication
on fibre optic gastroscopy in 1958, followed by the in-
troduction of video endoscopy first showcased in 1983.
Technological progress over the last 20 years has signifi-
cantly improved the imaging capabilities of endoscopy.
Ultra high magnification endoscopy is now possible and
has allowed gastroenterologist to see the smallest of le-
sions for 7# vivo microscopic evaluation in real time. Two
major modalities have been developed: endocytoscopy
and confocal endomicroscopy.

Each modality has its own strengths and weak-
nesses, nevertheless each enable “virtual biopsies” and
significantly reduce biopsy error by providing a direct
microscopic target. High magnification endoscopy has
shown promising results in trials for Barrett’s esophagus
and esophageal adenocarcinoma, esophageal squamous
cell cancer, gastric cancer, celiac disease and colorectal
cancer. These techniques may allow for the eatlier detec-
tion and treatment of neoplastic conditions as the earli-
est changes of malignancies take place at the cellular and
subcellular levels, including changes in capillary architec-
ture and the characteristics of the nucleus.

In this review, we discuss the basic principles of en-
docytoscopy and confocal endomicroscopy along with
their clinical applications.

BASIC PRINCIPLES OF HIGH
MAGNIFICATION ENDOSCOPY

Endocytoscopy

Endocytoscopy (ECS) is an ultra-high magnification
modality that allows visualization of surface epithelial
architecture at the cellular and subcellular level. It is a
contact microscopy technique where physical contact
with the mucosal surface is required to obtain the im-
agem. ECS provides real-time iz vivo images in a parallel
section to the mucosal surface. Highly magnified im-
ages from a small sampling site (< 0.5 mm diameter) are
obtained using a fixed-focus, high power objective lens.
These images are then projected on a charged-couplet
device™. The use of a contrast agent is necessary for the
visualization of subcellular entities. The mucosa is pre-
treated with a mucolytic agent, such as N-acetylcysteine,
and then directly stained with 0.5%-1% methylene blue
or 0.25% toluidine blue”. Endocytoscopy is limited by
its ability to only image a superficial layer of the mucosa
and is therefore not well suited for analyzing the depth
of suspicious lesions.

There are two types of endocytoscopy instruments
available: probe-based and endoscope-based. The probe-
based devices are used through the working channel of a
standard endoscope (Figure 1). There are 2 probe-based
models, each 380 cm long with a diameter of 3.2 mm
and both produced by Olympus (Tokyo, Japan; models
XEC-300 and XEC-120). One model is able to provide
magnification of 450 X representing a field of view of
300 ym X 300 pum, and the other model magnifies to
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Figure 1 Probe-based endocytoscope being passed through the working
channel of a traditional endoscope. Image from Sasajima et af (used with
permission).

1125 X, representing an area of tissue 120 um X 120
um“’zj. Using a 19-inch monitor, these two models mag-
nify the image to 570 X and 1400 X respectively. The
larger the monitor, the greater the magnification, but at
the cost of decrease in resolution depending on the res-
olution capabilities of the probe and monitor. The endo-
scope-based devices have an integrated endocytoscope
and endoscope. There are 2 models by Olympus (models
XGIF-Q260EC1 and XCF-Q260EC1) which each pro-
vide a magnification of 580 X on a 19 inch monitor"”, A
soft plastic cap at the end of the endoscope allows for
stabilization against the mucosal surface.

Diagnosis of gastrointestinal abnormalities is based
on the evaluation of a number of cytological and archi-
tectural features, including density, size, cellular arrange-
ment, size and shape of nuclei, staining pattern and ratio
of nucleus—to—cytoplasrn[3’4]. The endocytoscopy system
lends itself better to visualization of esophageal struc-
tures than gastric or colonic structures as they can easily
be stained. Surface mucous must be removed first for
effective staining of gastric or colonic mucosa'”. Table
1 provides a comparison of ECS and Confocal endomi-
croscopy (CEM).

CEM
CEM is a new imaging technique that allows zz vivo mi-
croscopy and histology of the gastrointestinal tract dur-
ing endoscopy. Confocal microscopy refers to the use of
a fine laser beam that scans over a specimen through an
objective lens. Reflected light from contrast-stained tis-
sue is focused through a pinhole (confocal) to remove out-
of-focus lightm. By rejecting out of focus light, this tech-
nique is effective at producing high-resolution images.
Standard endoscopy provides for 50 X optical magnifica-
tion, whereas confocal endomicroscopy allows for 1000
X magnification”, Tt is able to demonstrate physiological
activities such as the release of mucous from crypts and
blood flow in capillaries[sl. Unlike endocytoscopy, con-
focal endomicroscopy is able to obtain images of the
lamina propria down to a depth of 250 pm'”.

With the miniaturization of confocal devices it is
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Table 1 Comparison of endocytoscopy and confocal endomi-

croscopy

ECS CEM
Available systems
Probe based Olympus (Japan) Optiscan (Australia) endo-
microscope integrated into
Pentax (Japan) endoscope
Integrated Olympus (Japan) Cellvizio, Mauna Kea Tech-
nologies (France)
Max resolution NA 1024 x 1024 pixels with in-
tegrated system (lower with
probe based system)
Max magnification 1400 x (probe) 1000 x
580 x (integrated)
Field of view 300 um x 300 um (450 475 pm % 475 um

x magnification)
120 pm x 120 pm (1125

x magnification)
Depth of imaging  Superficial mucosal ~Probe based: Different probes
layer only allow for different imaging

depths
Integrated system: Variable,
up to 250 pm below surface
(lamina propria)
Fluorescein sodium

Contrast agents 0.5%-1% methylene

blue
0.25% toluidine blue Acriflavine

Commercially No Yes
available?
Advantages Higher magnification ~ Can visualize subsurface

than CEM structures up to 250 um

Commercially available

Disadvantages Cannot visualize sub- ~ Lower magnification than

surface structures ECS
Requires mucolytic Two contrast agents required
preparation of tissue
Not commercially

for optimal imaging

available

ECS: Endocytoscopy; CEM: Confocal endomicroscopy; NA: Not available.

now possible to use confocal endomicroscopy during
routine endoscopy. Two types of confocal endomi-
croscopy systems are currently available: integrated and
probe based systems. The confocal laser endomicro-
scope 1s an integrated laser and endoscope that allows
for high-resolution images at variable depths below the
surface (Figure 2). The integrated system obtains images
of a section 475 um X 475 pum, with variable imaging
depth controlled by the user, to a maximum of 250
pmm. The maximum depth can be achieved through
vertical increments of 7 pm. The lateral resolution is 0.7
um, which represents the minimum detectable distance
between two points. Images in the integrated system are
obtained at a rate of 0.8 frames/second (1024 X 1024
pixels) or 1.6 frames/second (1024 x 512 pixels)”. The
mini-probe system is used through the working channel
of a standard endoscope, however only offers a fixed
(rather than variable) imaging depth at a lower resolu-
tion. Bach different probe allows for imaging to a spe-
cific fixed depth. The mini-probe system obtains images
faster (12 frames/s) than the integrated system, however
at the expense of resolution being limited by the number
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Figure 2 A confocal laser endomicroscope with a 5 mm diameter inte-
grated in the distal end of a traditional colonoscope. Image from Dekker et
al"” (used with permission).

of fibers (30 000 single fibers = 30 000 pixels)'”. The im-
ages in both systems are parallel sections to the mucosal
surface"”,

CEM requires the use of a fluorescent contrast agent
that is excitable and has emission spectra within the blue
light range (excitation wavelength 488 nm). Most human
studies have used intravenous fluorescein sodium™'",
Fluorescein is non-toxic, distributes throughout the tis-
sue within seconds, and is safe for endomicroscopyp’“].
Fluorescein is effective in demonstrating the structural
design of vessels and cellular components but does not
have good contrast for nuclei. Acriflavine is another
common topical contrast agent, which allows effective
visualization of nuclei. In practice, fluorescein and ac-
riflavine may be used together. In animal studies there
have been other contrast agents used as well as fluores-

cently labeled antibodies™".

CLINICAL APPLICATIONS

The first publications regarding ultra high magnification
endoscopy were published in 2004 for both CEM and
ECS"™". Since then there have been further studies on a
number of upper and lower gastrointestinal tract diseas-
es. Ultra high magnification endoscopy allows for taking
fewer targeted biopsies on areas of histological interest
visualized by the endomicroscope compared to multiple
random biopsy samples'"”.

UPPER GI TRACT

Barrett’s esophagus and esophageal adenocarcinoma

Preliminary studies assessed the ability of ECS and CEM
for the detection of malignancy in Barrett’s esophagus,
which was not evident endoscopically. In 2007, Pohl ez al™
compared ECS images in 16 patients undergoing Bar-
rett’s surveillance with histology. One hundred and
sixty-six biopsy sites with no macroscopic evidence of
cancer were examined with ECS. Adenocatcinoma was
diagnosed in 4.2% of biopsy sites, high-grade dysplasia
in 16.9% and low-grade dysplasia in 12.1%. The major
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Figure 3 Endocytoscopic images at 1125 x magnification using XEC120U
system. A: Normal squamous cell epithelium of the esophagus with uniform
cells; B: Esophageal squamous cell carcinoma. Heterogeneous cells with
increased cell density and abnormal nuclei can be seen. Images adapted from
Kumagai et af”” (used with permission).

issue in this early study was image quality: only 23% of
images at 450 X magnification, and 41% of images at
1125 X magnification were of sufficient quality to visu-
alize characteristics of neoplastic lesions. Therefore the
authors concluded that ECS did not produce images of
adequate quality to be useful in the malignancy surveil-
lance for Barrett’s esophagus. A 2011 multicentre, ran-
domized controlled trial demonstrated a significant im-
provement in the ability to detect malignancy in patient’
s with Barrett’s esophagus using probe-based CEM in
combination with high-definition white light endoscopy
compared to white light endoscopy alone'™,

CEM similarly can target suspicious areas of high-
grade dysplasia and may identify abnormal neovascular-
ization in esophageal adenocarcinoma'”, Dunbar ef a/'”
performed a prospective, double blinded, randomized
controlled trial to determine whether confocal endomi-
croscopy with targeted biopsies improves the diagnostic
yield over standard endoscopy and random biopsy alone
for unapparent Barrett’s associated neoplasms. Of 39
patients, 16 wete suspected to have neoplasm, and 23
were for standard surveillance. All patients underwent
standard endoscopy with random 4-quadrant biopsies
according to Seattle Protocol, as well as confocal endo-
microscopy with targeted biopsies. The order in which
CEM and standard endoscopy were performed was ran-
domized. The diagnostic yield of high-grade dysplasia
or adenocarcinoma with the confocal endomicroscopy
protocol was 33.7% wvs 17.2% in the standard endos-
copy arm, resulting in an absolute difference of 16.5%
(95%CI: 5.2%-27.8%, P = 0.01). Significantly less biopsy
samples were required using CEM (9.8 »s 23.8, P = 0.002).

Esophageal squamous cell cancer
Esophageal squamous cell cancer (SCC) is the most
prevalent type of esophageal cancer worldwide, espe-
cially in Asia. Patients often have advanced stages at pre-
sentation resulting in a very poor prognosis.

Squamous cell esophageal cancers can be easily diag-
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Table 2 High magnification endoscopy and esophageal squa-
mous cell cancer

Modality Findings Test characteristics
Endocytoscopy Nuclear atypia Sensitivity 81%-95%"
Increased nucleus: Cytoplasm Specificity
ratio 84%-100%"
Increase in cell density Accuracy 82%-90%"
Irregular cellular distribution
Confocal endo- Dilated intraepithelial papillary ~ Accuracy 85%-96%
microscopy capillary loops

Abnormal cellular structures

"Determination of malignant vs non-malignant.

nosed by ECS »ia 2 main criteria: an abnormal nucleus
(abnormal staining, size and shape) and an increase in
cell density (Figure 3PP When assessed in ex vivo
resected SCC specimens, cancer cells show an irregular
heterogencous cell distribution compared to normal
cells arranged homogeneously with a uniform and low
nucleus:cytoplasm ratio””. The cellular density is signifi-
cantly increased with one study demonstrating a mean
number of total nuclei per image of 550 £ 66.5 in the
cancerous areas versus 129 + 14.8 in the normal mucosa
(P < 0.0001)*". Kumagai et al™ performed ex vivo and
in vivo studies looking at endocytoscopic observation
for esophageal SCC. In 57 ex vivo specimens from 28
patients, the sensitivity of ECS for malignant lesions
was 94.7%, with a specificity of 84.2%. The 7 vivo com-
ponent had 71 lesions from 69 patients, each assessed
by two endoscopists in consultation with a patholo-
gist regarding nuclear abnormality and density. The 2
endoscopists diagnosed more than 90% of esophageal
squamous cell carcinomas as cancers. The pathologist
considered nuclear density to be increased in up to 98%
of cases and saw nuclear abnormalities in up to 90% of
cases. Specificity is very good (and even reported up to
100%) but is reduced if only one criteria is present (ei-
ther abnormal nucleus or increased cell density).

ECS may be used in eatly lesions to diagnose malig-
nancy for consideration of local excision™. In an in vivo
study of 29 patients assessing for eatly cellular atypia,
the ECS positive predictive value for malignancy was
94%, with a false positive rate of 6.3% and false negative
rate of 16.7%. The accuracy of distinguishing malignant
(Vienna 4 and 5) versus non-malignant (Vienna 1-3) was
82%".

Less data is available for CEM in diagnosing superfi-
cial invasion by SCC. Normal squamous epithelium has
regular intraepithelial papillary capillary loops that are
directed towards the luminal surface. With CEM, SCC
demonstrates dilated intraepithelial papillary capillary
loops in the upper layer of the squamous mucosa!?. A
2009 pilot study compared CEM done by 2 endoscopists
to histology looking at abnormal cellular and vascular
patterns for the diagnosis of SCC. Accuracies of 89%
and 96% were obtained for abnormal cellular pattern,
and 85% for abnormal vascular pattern'™,
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The findings seen by ECS and CEM in esophageal

squamous cell cancer are summarized in Table 2.

Gastric cancer

CEM has been used to compare normal subsurface gas-
tric mucosa with that of malignant lesions'"”. Normal
gastric body mucosa shows a honeycomb-like microvas-
cular organization surrounding gastric pits, and a coil-
shaped regular microvascular arrangement surrounding
the antral gastric pits. In contrast, undifferentiated gastric
neoplasms showed decreased vascularity with irregular
short branch vessels. Features of gastric neoplasm seen
on CEM include cellular atypia with increased nuclear
area and increased vascularity with irregularly shaped
microvasculature of various diameters**, Kitabatake
et al”” assessed the ability of pathologists to use CEM
images as a “virtual biopsy” for the diagnosis of ecatly
gastric cancer. Using CEM still images obtained from 27
patients with early gastric cancer compared to standard
histology as the gold standard, 2 blinded pathologists ob-
tained accuracies of 94.2% and 96.2% for the diagnosis
of malignancy when good quality images are obtained.
Unfortunately, only 59% of images were deemed to be
of good quality. The accuracy decreased significantly
when lower quality images and inaccessible lesions were
included, once again highlighting the limitation of being
able to acquire high-quality images consistently. Inter
observer vatiability between endoscopists is very good
with a mean kappa value of 0.792 for the identification
of neoplastic mucosa.

ECS has decreased sensitivity for neoplastic lesions
in the stomach compared to esophageal or colonic le-
sions secondaty to gastric mucous secretion. The sensi-
tivity for gastric neoplasms compared to histology was
56%, with a specificity of 89%"".

Celiac disease

High magnification endoscopy allows the opportunity
for diagnosis of celiac disease 7 vivo as well as targeted
biopsies of abnormal lesions, resulting in a higher diag-
nostic yield compared to random biopsies, in particular
for patchy disease.

ECS has demonstrated three distinct patterns of in
vivo histolopathology with respect to celiac disease™
The first pattern is normal duodenal mucosa showing
the presence of normal-appearing, thin, long villi, lined
with easily discernible surface epithelial cells. The second
pattern of subtotal villous atrophy is demonstrated by
thick, shortened villi. The third pattern corresponding to
total villous atrophy is shown by the complete absence
of villi and the presence of enlarged crypts. In a trial of
40 patients, (32 with known celiac disease, and 8 with
suspected disease) 166 ECS recordings were prospec-
tively obtained and compared to histopathology (Marsh
classification). Endocytoscopy at 450 X magnification
was accurate in predicting moderate to severe celiac dis-
ease (Marsh IlI), however was not reliable in detecting
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early disease pathology (Marsh I). The use of 1100 X
endocytoscopic magnification provided no additional
diagnostic value™.,

The CEM features of celiac disease were initially
described in a pediatric trial of 9 patients with suspected
celiac disease compared to 10 matched controls™. Both
endoscopists and pathologists were blinded to the diag-
nosis. A total of 1384 images were collected from the
19 patients, and 5 images per patient were selected and
compared against a biopsy sample of the same site. With
subtotal villous atrophy, the duodenal villi are broad
and appeared to be folded onto themselves. There is a
loss of the normal hexagonal pattern and decrease in
goblet cells. With total villous atrophy, duodenal villi are
completely absent, and crypts can be visualized with cel-
lular infiltration (increased intraepithelial lymphocytes)
in the surrounding stroma. The sensitivity of confocal
endomicroscopy compared to histopathology was 100%,
specificity was 80% and positive predictive value was
81%""’". In an adult trial of 30 celiac patients, including
6 with disease refractory to a gluten-free diet, sensitivi-
ties were good for intraepithelial lymphocytes (81%) but
decreased for villous atrophy (74%) and crypt hyperpla-
sia (52%)". Thirty control patients in this study under-
going routine upper endoscopy demonstrated normal
duodenal architecture on CEM and histology, resulting
in a specificity of 100%. The largest study for CEM in
celiac disease assessed 31 patients (17 with celiac disease,
14 controls) and compared over 7000 CEM images with
326 paired biopsy samplesm]. The sensitivity for diagno-
sis of celiac disease was 94% with a specificity of 92%,
with good correlation to the Marsh scoring system. By
directing biopsies to microscopically abnormal regions,
CEM may be a promising modality to investigate those
with a suspected diagnosis of celiac disease but have
negative pathology from traditional random biopsies due
to patchy disease.

LOWER GI TRACT

Colorectal cancer

It is unlikely that virtual biopsies with ultrahigh magni-
fication will replace standard histology for the diagnosis
of colorectal cancer. It may however, help in certain
situations where biopsies are not conclusive for invasive
malignancy or when multiple biopsies pose problems
with subsequent management, such as superficial rectal
lesions amenable to local excision.

Using ECS, resolution can be so detailed that indi-
vidual red blood cells can be seen circulating through
the microvasculature and normal colonic mucosa can
be seen and described”™. Cellular level and structural
abnormalities can be observed and it is possible to dif-
ferentiate between neoplastic and non-neoplastic lesions,
as well as invasive malignancy versus adenoma. Aberrant
crypt foci may represent the earliest pre-cancer stage of
colorectal cancer. Using ECS, dysplastic aberrant crypt
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Figure 4 Endocytoscopic images of colorectal neoplasms at 450 x magpnification. A: Low-grade adenoma with elongated nuclei; B: Low-grade adenoma dem-
onstrating elongated nuclei, polygonal crypts, and heterogeneous arrangement; C: High-grade adenoma demonstrating irregular crypts and nuclei that are larger in
size and distorted in shape. Images adapted from Rotondano et a* (used with permission).

Figure 5 Probe-based confocal laser endomicroscopy. A: Normal colon; B: Colon adenocarcinoma demonstrating distorted architecture, dilated and irregular ves-

sels, and loss of crypts. Images adapted from De Palma®™ (

foci appear as polygonal instead of round, have elon-
gated cell nuclei, and the crypt lumen is linear instead
of circular (Figure 4). ECS provided 91.4% sensitivity
for low-grade dysplasia and 100% specificity for absence
of dysplasia. The interobserver kappa value between a
trained endoscopist and the pathologist was 0.68 (95%CI:
0.59-0.78)"". A recent study looking at 52 polypoid and
non-polypoid colorectal lesions in 49 patients showed
that ECS provided good correlation with final histopath-
ological diagnosis™. The positive predictive value (PPV)
of endocytoscopy compared to pathology was 100% for
normal mucosa, hyperplastic polyp and submucosal in-
vasive cancer. The PPV was 93.1% for low-grade adeno-
ma and 90.1% high-grade adenoma. In one case report,
a synchronous microscopic lesion (confirmed with pa-
thology) was found on ECS 7 cm away from a resected
cancer of the transverse colon™. Overall sensitivity and
specificity of ECS for the diagnosis of neoplasm ranges
from 79%-91% and 90%-100% respectively™”.

CEM assessment of the colon is similar to ECS. In
normal colonic mucosa, the crypts have regular lumens
and are covered by a homogenous layer of epithelial
and goblet cells (Figure 5). Normal vessel architecture
is hexagonal with a honeycomb appearance, which rep-
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resents capillaries surrounding the stroma of the crypts.
Cancerous tissue shows irregular cellular organization
and abnormal epithelial cells with a loss of the normal
crypts and goblet cells. There is also decreased or com-
plete absence of mucin. In cancer, the capillaries are
distorted and dilated with increased leakage. The vessels
have a sporadic organization with little or no orientation
to the surrounding tissue™. A clinical trial of probe-
based CEM versus virtual chromoendoscopy for the
classification of colon polyps showed a higher sensitivity
for CEM (91% ws 77%, P = 0.01) but no significant dif-
ference in specificity, when compared to histology as the
gold standard™. Virtual chromoendoscopy diagnoses
polyps based on the pit pattern seen during chromoen-
doscopy. CEM may also have a future role for neoplasia
surveillance of an ileoanal pouch following proctocolec-
tomy for familial adenomatous polyposis™’. Table 3 pro-
vides a comparison of the colonic architecture in ECS
and CEM.

IBD

Patients with longstanding inflaimmatory bowel disease
involving the colon have a higher risk of developing
colon cancer. Routine colonoscopy every 1-2 years with

October 16, 2012 | Volume 4 | Issue 10 |



Arya AV et a/. High magnification endoscopy and gastrointestinal disease

Table 3 Confocal endomicroscopy and endocytoscopy find-

[33,34,36]

ings of colonic architecture

Feature Normal Malignant

Vessel Hexagonal, honeycomb
Architecture appearance of capillaries

Capillaries surround the

Distorted, dilated capillaries
with increased leakage
Irregular arrangement with
stroma, which encircle the

crypt openings

no specific relationship to
adjacent tissue

Crypts Regular luminal openings Heterogeneous distribution
and distribution with irregular layer epithe-
lial cells
Crypts covered by uniform  Loss of crypts and goblet

layer of epithelial cells cells

(including Goblet cells)
Sensitivity ECS: 79%-91%>

CEM: 91%

Specificity ECS: 90%-100% >

CEM: 76%""

multiple biopsies (> 32 biopsies) is recommended for
those with pancolitis after 8 years of disease™". Chromo-
endoscopy further increases the sensitivity of detecting
carly neoplasm®. CEM may help perform targeted bi-
opsies of suspicious areas has been associated with im-
proved detection of intraepithelial neoplasia compared
to the current standard of random biopsies with four
tissues samples each 10 cm™ ™, The combination of
wide-field chromoendoscopy with narrow-field confocal
endomicroscopy can result in a 5 times higher detection
rate of neoplastic lesions. This combination technique
can be especially helpful for flat lesions that can be oth-
erwise difficult to detect with standard endoscopy™.
There is still no data suggesting whether this early or
increased detection confers any mortality benefit.

CEM can be used with high accuracy for the diag-
nosis of dysplasia-associated lesion or mass (DALM) or
adenoma-like mass (ALM) in the setting of IBD. CEM
was used in a study of 36 ulcerative colitis patients who
had a DALMs or ALMs diagnosed within the previous
16 wk'*. The kappa coefficient of agreement between
traditional histopathology and confocal endomicroscopy
images was 0.91 with 97% accuracy. This 7# vivo tech-
nique allowed for the differentiation between the two
different types of masses, which provides an opportu-
nity to safely determine which patients require immedi-
ate referral for total colectomy versus those patients who
are suitable for endoscopic resection.

By providing high definition images, CEM may
provide excellent insight into the 7z vivo process of in-
flammation™. A study of 31 patients, 17 with UC (12
active, 5 non-active) and 14 non-UC controls, compared
histology of rectal biopsy samples with the images from
confocal endomicroscopym. The in vivo virtual biopsies
from confocal endomicroscopy were congruent with
traditional histology. In active inflammation goblet cells
were not always visible and the crypts, as well as the
lumens, were of various sizes and shapes, with an incon-
sistent arrangement. The capillaries were more visible in
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active inflammation and seen in all areas of the lamina
propria.

Other clinical applications

Bojarski ¢z a/** demonstrated the iz vivo diagnosis of
acute intestinal graft-versus-host disease (GvHD) using
confocal endomicroscopy. Nineteen out of 35 patients
with acute diarrhea after stem cell transplant had his-
tologic evidence of acute GvHD, with 14 of these 19
also showing confocal endomicroscopic evidence. The
sensitivity of confocal endomicroscopy was 74% and
specificity 100%. Patients with infectious colitis or ulcer-
ative colitis served as controls and none of them showed
any endoscopic evidence of GvHD. This modality may
be especially helpful in the situation in which biopsies
present a high risk, such as increased bleeding risk (from
coagulopathy or low platelets) or increased infection risk
(in the setting of severe leukopenia).

Venkatesh ¢z a/™ looked at the usefulness of confo-
cal endomicroscopy in diagnosing pediatric gastrointesti-
nal diseases. The trial involved 44 patients with a total of
36 upper endoscopies and 31 lower endoscopies using a
confocal system. The confocal images were deemed to
be comparable to traditional histopathology in both not-
mal tissue and many disease states including esophagitis,
H. pylori gastritis, celiac disease, inflammatory bowel dis-
ease, colonic heterotopia and graft versus host disease.

A variety of other case reports have been published
using ultrahigh magnification endoscopy for the diagno-
sis of Helicobacter pylori™”, collagenous colitis”"', amoebic
colitis™, intraoperative diagnosis of pancreatic cancer in
the setting of chronic pancreatitis®™”
diagnosis of disseminated malignancy at time of lapa-

, and intraoperative

roscopy[‘w. Confocal endomicroscopy has been used 7
vivo during laparoscopy to analyze healthy and diseased
human liver, which offers the possibility for targeted bi-
opsies1551

LIMITATIONS OF ENDOCYTOSCOPY

AND CONFOCAL ENDOMICROSCOPY

Both confocal ECS and CEM ate not effective for wide-
field endoscopy, and are better used in conjunction with
a wide-field technique. They ate both useful for targeted
images (optical biopsies) of abnormalities identified by
a wide-field technique. As with any new technique, there
is an initial learning curve. In this field, the learning
curve is not only the technical aspects of attaining high
quality images, it also includes learning iz vivo pathol-
ogy. While most endoscopists will likely be able to learn
the technical aspects, identifying normal and abnormal
pathology correctly is more challenging, Both ECS and
CEM involve a time-consuming process with multiple
steps including washing, staining and imagingm. ECS and
CEM for diagnostic purposes are also limited by the cut-
rent lack of validated criteria for diagnosis“oj. Finally, the
economics of ultra high magnification endoscopy may
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be limiting, The endocytoscopy system is currently not
available for commercial use. The current cost effective-
ness is uncertain. In the long-term both techniques may
be economical if a significant number of biopsies taken
per patient is reduced or abandoned altogetherlg’%]. How-
ever, at least until methods are validated in prospective
studies with very high accuracies, histology will remain
the gold standard for diagnosis.

CONCLUSION AND FUTURE DIRECTIONS

Endoscopy is invaluable in gastroenterology for the diag-
nosis and treatment of upper and lower gastrointestinal
disorders. Endocytoscopy and confocal endomicroscopy
are emerging endoscopic tools that allow for ultra-high
magnification and “virtual biopsies” of tissue deemed
atypical by standard endoscopy. Both ECS and CEM
can come integrated into the end of an endoscope or as
probes that can be used through the working channel of
a standard endoscope, however only CEM is currently
commercially available.

The benefit of high magnification endoscopy is
that it provides for the first time a new opportunity to
visualize cellular and subcellular pathology 7» vive. This
allows us to see and understand in real time normal
physiologic functions of the GI tract. By knowing this,
we can then understand the real time, 7z vivo pathologi-
cal changes related to disease. Our knowledge of disease
can significantly be expanded by this capability. Real time
inflammation can be analyzed and explored to better
our knowledge of the pathophysiology (and therefore
treatment) of inflammatory bowel disease. Cellular and
vascular changes related to malignancy can be studied
in vivo pethaps leading to new therapeutic targets. Eatly
microscopic changes can be visualized without having
to wait for larger, later stage macroscopic changes to be
evident. As a result, ultra-high magnification endoscopy
may conceivably have applications in cancer resections
to look for clear resection margins.

Similar to other new technologies developed through
the decades, including endoscopic retrograde cholangio-
pancreatography and endoscopic ultrasound, as the use
of high magnification endoscopy increases, clinical ap-
plications will expand. Opportunities for research using
these techniques are numerous. Further research is re-
quired to standardize classification systems for both ECS
and CEM in the diagnosis of different malignancies. The
current data suggests a promising future for ultra-high
magnification endoscopy, and future larger scale research
will help clarify the role and indications for endocytos-
copy and confocal endomicroscopy.
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Abstract

In Japan and countries such as South Korea and Tai-
wan, China, the standard technique for detecting early
gastric cancer (EGC) is chromoendoscopy. This tech-
nique involves a magnified endoscope and the use of
an indigo-carmine spray to distinguish between EGC
and non-EGC areas. However, this technique is not
widely adopted in many parts of the world. One impor-
tant reason for limited use is that this technique needs
an experienced endoscopist to interpret the images
during the procedure. In addition, the sensitivity for de-
tecting gastric intestinal metaplasia (GIM), a precancer-
ous lesion of EGC, is graded as suboptimal. Moreover,
the requirement of a cumbersome spraying method is
inconvenient and needs preparation time. Easier digital
chromoendoscopy techniques, such as Narrow-band
Imaging and Flexible spectral Imaging Color Enhance-
ment, have been reported to facilitate targeted GIM
and EGC biopsy. They provide higher sensitivities over
conventional white light endoscopy. Recently, the novel
technology of confocal laser endomicroscopy has been
introduced as a high-magnification (1000 x) real-time
evaluation for many early gastrointestinal (GI) cancers
and precancerous GI lesions, including colonic polyp,
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Barrett’s esophagus, and GIM. The advantage of this
technique is that it can be used as an /n vivo confirma-
tion of the presence of GIM and EGC during endoscopic
surveillance. This review aims to explain the current
information on the usefulness of digital chromoendos-
copy and confocal laser endomicroscopy for evaluating
GIM and EGC during endoscopic surveillance and the
possible future role of these techniques for GI cancer
screening programs.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer remains the second leading cause of can-
cer-related deaths in the world. The incidence of gastric
cancer is predominant in East Asia'". Usually, patients
with early gastric cancer (EGC) are asymptomatic, where-
as advanced stage patients typically present with bleeding,
vomiting, and weight loss and have a dismal prognosis.
Although curative surgery is recommended in all patients
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with possible resectable lesions, the loss of gastric ac-
commodation is an expected morbidity. There are some
patients with EGC who do not require a full-thickness
resection by surgery; endoscopic resection, which has less
morbidity, is the preferred treatment for these individuals.

The pathogenesis of intestinal type gastric cancer is
a sequential multistep pathway, starting with a precancer-
ous lesion such as a gastric intestinal metaplasia (GIM)
before developing into EGC and then growing into a full
blown carcinoma® (Figure 1). Therefore, strategies that
can detect precancerous lesions and monitor them before
they become more significant cancers are very beneficial.
Led by Japanese endoscopists, over the last three decades
the tools for EGC detection have progressed from gastro
cameras to magnifying chromoendoscopy. Subsequently,
a one-button-touch technique called digital chromoen-
doscopy (DC), including Narrow-band Imaging (NBI)
and other optimal band imaging, was promoted as a
useful instrument for detecting many GI precancerous
lesions, such as colonic adenoma, Barrett’s esophagus,
and GIM"”, Recently, a confocal laser endoscopy (CLE)
technique that provides a higher magnification (X 1000)
of the GI tract epithelium has been used by many inves-
tigators as a tool for real-time GIM and EGC confirma-
tion""". Moreover, CLE can be applied at the gastric
lesion as a confirmation tool of tumor margin during, be-
fore, and after endoscopic treatment*”, In this review,
we present the techniques and the possible roles of DC
and CLE for GIM and gastric cancer surveillance. Future
improvements for technology and a possible protocol are
also provided.

THE HISTORY OF GASTRIC CANCER
SURVEILLANCE BY ENDOSCOPY

According to the Correa pathway", atrophic gastritis,
GIM and dysplasia are premalignant stages of gastric
cancer. To date, there have been many technologies de-
veloped to detect these precancerous lesions. After the
first debut of the gastro-camera in 1962"*'" Nakayama'"®
published a pioneering study of gastric cancer detection
with a gastro-camera in 1969. However, the sensitivity
and standardization of gastro-cameras for EGC detec-
tion were very limited. Subsequently, conventional white
light endoscopy (WLE) replaced the use of gastro-cam-
eras in 1984, Unfortunately, the sensitivity of WLE for
abnormal gastric epithelial detection was suboptimal (less
than fifty percent)”®"”). Tater, 2 more sensitive technique
called chromoendoscopy was developed to improve the
detection of EGC. This technique was developed by
pioneering Japanese endoscopists. It involves the use of
a dye spray and a magnified endoscope. The sensitivity
for EGC diagnosis was reported to be excellent (98%)
with this technique[zn’zﬂ. Currently, this technique has
been widely adopted as the standard practice in Japan,
South Korea, and Taiwan. Among the many premalig-
nant conditions, GIM has been widely targeted because
of its unique morphology that has a higher potential for
being distinguished from other normal gastric mucosa.
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Figure 1 Multistep pathway in the pathogenesis of intestinal-type gastric
cancer (Correa pathway).

For instance, methylene blue magnified chromoendos-
copy provides a fair sensitivity (76%) for confirming a
diagnosis of GIM by identifying blue irregular marks,
blue round pits, tubular pits, blue villi, and blue small
pits™. Therefore, the natural dye spraying method is not
popular worldwide because it provides suboptimal accu-
racy for GIM diagnosis. New methods such as NBI and
optimal band imaging or the more accurate confocal laser
endomicroscopy (CLE) are needed to more easily im-
prove findings. Vascular patterns and image analysis are
easier and better detected with these new methods. For
instance, Narrow Band Imaging with magnifying endos-
copy (NBI/ME) has shown better sensitivity (90%), and
CLE has been reported to provide the best sensitivity for
confirming a diagnosis of GIM (98%, Table 1).

DIGITAL CHROMOENDOSCOPES

Currently, there are three commercially available DC
systems: Flexible Spectral Imaging Color Enhancement
or Fuiji Intelligent Color Enhancement (FICE; Fujifilm
Corporation, Tokyo, Japan), I-Scan Pentax (Hoya Corpo-
ration, Tokyo, Japan), and NBI (Olympus Corporation,
Tokyo, Japan). All of these systems provide a real-time
image enhanced video stream. FICE and I-Scan rely on
post-processing reconstruction of the images captured
from white light by selecting only the optimal wave-
lengths of the three colors (red, green, and blue) in the
400-550 nm range. This in turn enhances the contrast of
the captured images””. In contrast, NBI relies on a filter
that selects only blue and green lights, each delivering a
relatively narrow bandwidth that is preferably absorbed

by hemoglobin. This in turn enhances areas with hyper-
[24]

vascularity such as neoplasms and inflamed mucosa
There have been two published articles on the use of
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Table 1 Sensitivities of different endoscopic technologies for

gastric intestinal metaplasia detection

Endoscopy in GIM Ref. Sensitivity
(%)

White light endoscopy Sauerbruch et al™ <50

Digital chromoendoscopy (NBI) Capelle et al 71

Methylene blue magnified Dinis-Ribeiro et al*” 76

chromoendoscopy

Digital magnified Rerknimitr et al” 91

chromoendoscopy

(Non-sequential-NBI)

Digital magnified Uedo et al™ 89

chromoendoscopy (sequential-NBI)

Endoscopic-based confocal laser Guo et al™” 98

endomicroscopy

GIM: Gastric intestinal metaplasia; NBI: Narrow-band Imaging.

FICE for EGC detection. Without magnification, Mouri
and colleagues showed a 46 % improvement in image
quality after applying the FICE system in patients in
whom EGC was suspected””. However, to characterize
the details of the mucosal structure, magnification of the
images was required. FICE with a X 20 to X 30 magnifi-
cation can help to characterize an upper GI tract polyp-
oid lesion by detailing abnormal capillary architecture and
pit pattern®”. For a non-polypoid lesion, FICE can assist
in the delineation of abnormal from normal mucosa and
can ensure a complete endoscopic resection. A pioneet-
ing study of NBI for EGC detection was reported by
Yao et al””. They proposed criteria for EGC diagnosis
with NBI/ME and reported their validity in their cohorts
with the negative and positive predictive values as 100%
and 93%, respectively”. Following that study, there have
been many reports of the usefulness of NBI for EGC
detection. For instance, in 2010, Ezoe ef al” published the
diagnostic accuracy of NBI/ME for EGC diagnosis in 57
suspected depressed-EGC lesions. The study concluded
that by adding NBI/ME to WLE, NBI/ME significantly
increased the accuracy and sensitivity for EGC diagnosis
from 44% to 79% and from 33% to 70%, respectively.
Later, Kato ¢ al” used triad-based diagnosis [(1) the dis-
appearance of fine mucosal structure; (2) the presence of
microvascular dilation; and (3) the evidence of heteroge-
neity in the shape of microvessels] to diagnose EGC in
201 suspected EGC lesions in 111 patients at high risk
for EGC. They found that the sensitivity and specificity
of magnified NBI/ME for EGC diagnosis using these
criteria were 92% and 94%, respectively, whereas the
sensitivity and specificity of WLE were only 42.9% and
61.0%, respectively”. However, the generalization of DC
for EGC screening has been challenged by many experts;
therefore, the reading accuracy of all of the criteria needs
to be validated in larger populations.

The current Asia-Pacific Consensus on the role of
DC for the diagnosis of upper GI tract superficial neo-
plasia does not recommend the use of DC as the initial
test because it is claimed that it is impractical to scan the
whole gastric lumen with a magnified endoscope. How-
ever, they recommend using DC to distinguish malignant
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Figure 2 Pictures under flexible spectral imaging color enhancement. A:
Light blue crest; B: Villous pattern; C: Large long crest.

from non-malignant abnormal gastric lesions only after
spotting the suspicious lesions with WLE. In addition,
they recommend using DC to determine the extent but
not the depth of EGC™,

Technically, GIM can be detected by DC due to a
typical characteristic called light blue crest (LBC)™”
(Figure 2A). LBC is defined as a fine, blue-white line on
the crests of the epithelial surface. LBC has the highest
sensitivity for GIM detection (89%0)™. In addition, Bansal
et al™ showed that the sensitivity and specificity of the
ridge/villous pattern for the diagnosis of GIM were 80%
and 100%, respectively; Tahara ez a/”’ reported a high
sensitivity of ridge/villous pits for GIM diagnosis at
95%. Moreover, the results of other endoscopic patterns
for GIM diagnosis have been studied by Rerknimitr ez a/.
They added the villous pattern (VP; Figure 2B) and large
long crest (LLC; Figure 2C) to improve the yield for GIM
diagnosis. By using all three criteria (LBC, VP and LLC),
the sensitivity for GIM diagnosis increased to 91%'" (Ta-
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Figure 3 The probe-based confocal laser endomicroscope probe.

Figure 4 An image of gastric intestinal metaplasia from a probe-based
confocal laser endomicroscope (mucin-containing goblet cells; arrows).

ble 1). Cutrently, there are more NBI/ME studies than
FICE studies of GIM diagnosis by DC.

In summary, DC (FICE, I-Scan, and NBI) is a non-
invasive test that provides higher sensitivities for EGC
and GIM detection than WLE. DC is more convenient
to use than conventional chromoendoscopy. It helps to
distinguish suspicious EGC lesions and can delineate the
extent of the cancer. Practically, primary screening should
be performed with WLE; DC can be used after spotting
suspicious lesions.

CONFOCAL LASER ENDOMICROSCOPY

CLE is the latest novel endoscopic device™. CLE is a
refined instrument that provides high-magnification (X
1000) imaging compared to standard microscopic exami-
nation. It enables a real-time display of a 12 frames/sec-
ond video stream during the endoscopic examination.
In other words, it is a real-time endoscopic tead for his-
tology without the need for a biopsy" ™'Y, Currently,
there are two techniques: (1) endoscopic-based confocal
laser endomicroscopy (eCLE; Pentax, Tokyo, Japan) and
(2) probe-based confocal laser endomicroscopy (pCLE,
Mauna Kea Technologies). Both require an intravenous
contrast injection (fluorescein) or a topical dye spray
(e.g., acriflavine hydrochloride, tetracycline, or cresyl
violet) to enhance all of the vascular supplied mucosal
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Table 2 Criteria for mature and immature gastric intestinal

metaplasia by endoscopic-based confocal laser endomicro-

[40]

scope

Mature GIM Immature GIM
Gland Regular Tortuous
Capillary Regular Irregular
Goblet cell Regular Regular

GIM: Gastric intestinal metaplasia.

structures”™. ¢CLE is an endoscopic-based CLE that
integrates a confocal fluorescence microscope into the
distal tip of a conventional 12.8-mm diameter flexible
videoendoscope. The other system, known as pCLE,
is provided by Mauna Kea Technologies (Paris, France)
and is a 2.5-mm catheter probe transported 488-nm laser
beam with a scanning field of 30 000 pixels™** (Figure
3). With the current technology, the eCLE imaging sys-
tem provides a superior quality of confocal image over
pCLE. Although eCLE shares the same wavelength (488
nm) as pCLE for detecting the fluorescence effect at
505-585 nm, eCLE also provides a Z-axis, which creates
an adjustable focus at different depths. In contrast, the
image from pCLE is fixed at only one depth. Therefore,
different levels of histological structures can be displayed
by eCLE. Another advantage is that eCLE can provide a
better (0.7 um) lateral resolution than pCLE (1 um)[34’36].
In addition, eCLE has a field of view of 475 X 475 um
with a variable imaging plane depth of up to 250 um,
whereas the pCLE system has a fixed imaging plane at
the maximum depth of 200 ym. However, pCLE is more
flexible because it can be used with any endoscopes that
accept 10 Fr size accessories. Moreover, the frame rate of
the pCLE system is much faster (12 images/second) than
the current eCLE system (+ 1 image/second)””. There-
fore, the stream of pCLE images is closer to standard
video output (Table 2).

Fluorescein, which is a slightly acidic and hydrophilic
dye, has been used intravenously as a staining substance.
Almost immediately after injection, it can be found dis-
tributed throughout the surface of columnar epithelial
cells arranged in a cobblestone pattern with round gland
openings. Fluorescein enhances a real-time histologi-
cal reading by staining the connective tissue matrix of
lamina propria and blood vessels running in the deeper
mucosa”. A standard structure that contains vessels,
such as a normal gastric epithelium, can be observed as a
brighter object after fluorescein injection. In contrast, any
structure that has no vascular supply, such as mucin, will
not be stained by fluorescein. Hence, mucin-containing
goblet cells, indicating GIM, will appear dark™. Fluo-
rescein is a very safe contrast agent, with less than two
percent of patients developing mild side effects such as
nausea/vomiting, transient hypotension without shock,
injection site erythema, diffuse rash and mild epigastric
pain[39]

Another agent, acriflavine hydrochloride, has been
most extensively used as a topical dye. However, it only
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stains the very superficial layer of the GI tract mucosa””

and does not penetrate into the deeper mucosa. Hence, it
is not currently recommended for EGC screening,

Mucin-containing goblet cells can be readily recogniz-
able by CLE (Figure 4). The sensitivity of eCLE for GIM
diagnosis is excellent at 98%"". In addition, eCLE can
further diagnose gastric dysplasia and early malignant gas-
tric change with a very high sensitivity at 89%-91%""".
Although current CLE technology is still not optimal
for distinguishing between mature (regular glands, goblet
cells, and columnar mucous cells) and immature (tortuous
alveolar and irregular capillaries) GIM (Table 2), eCLE
may be able to do so with 68% sensitivitym. In addition,
Li et al™" revealed that the score included 3 parameters:
gland architecture, cell morphology, and vessel architec-
ture, with marks ranging from 0-3 for each parameter. If
the summation of the score = 5, eCLE could differenti-
ate high-grade from low-grade dysplasia with a sensitivity
and specificity of 66% and 88%, respectively™'.

Recently, Lim ¢ al™” reported the validity scores from
3 experienced and 3 inexperienced readers who read
GIM on the images captured by eCLE. They found that
the experienced group had greater specificity in GIM
interpretation (93% »s 62%, P < 0.001). However, the
reading results of ex-vivo gastric cancer between the two
groups were not different (a sensitivity of 93% us 86%,
P = 1.00, and a specificity of 87% »s 80%, P = 0.34)"",
Another pCLE study on the learning curve for GIM
diagnosis revealed that it is possible to train beginners to
read GIM after a 3-d training session. However, the read-
ing results were not as good as the experts’ readings (the
sensitivities, specificities and accuracies were 96% vs 87%,
P =0.03; 95% vs 82%, P = 0.03; and 95% vs 84%, P = 0.01;
respectively) ™.

Although pilot studies have reported excellent results
in EGC readinglm’“], the appearance of EGC under
confocal laser microscopy has not been standardized
due to the difficulty in reading the non-structural mi-
totic glands of the stomach. Iz viwo histological diagnosis
for gastric cancer was first reported as an observational
study in 2006 by a Japanese group”o]. Using conventional
histology as the gold standard, in this study the ex vivo
examination of 27 gastric cancerous tissues under eCLE
yielded 89% sensitivity, 100% specificity, and 94% ac-
curacy”. Another study by Kitabatake ¢ a/'" showed
comparable results for EGC reading by eCLE (91%
sensitivity, 97% specificity, and 95% accuracy). Of note,
the authors excluded 40% of their images due to subop-
timal quality. Because undifferentiated adenocarcinoma is
not amenable to endoscopic therapy, surgery is the only
option. Therefore, it is important to have a tool that ac-
curately distinguishes between differentiated and undif-
ferentiated adenocarcinoma like eCLE (86%-95%)">*,
However, because these studies were performed by the
experts in CLE reading, there is no guarantee that others
will duplicate the results in standard practice. Therefore,
further study on the learning curve for EGC reading by
CLE is required. In the authors’ opinion, employing CLE
for GIM diagnosis in standard practice is more promising

K
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when using the well-described findings that require only
a short learning curve. In contrast, there is a need for
standardization for EGC reading by CLE before it can be
recommended for use in routine work.

ENDOSCOPIC TECHNIQUES FOR GIM

AND EGC DIAGNOSIS

Because GIM and EGC are usually observed as diminu-
tive lesions, a biopsy targeted by conventional WLE may
be difficult. However, many synchronous GIMs or EGC
lesions can be found in the stomach, and random biopsy
may not be practical because it would be time consum-
ing. Likewise, using CLE as the initial mode for screen-
ing is impractical because of its limited field of view per
one examination. Therefore, we recommend using WLE
(preferably with a high definition model) to identify ab-
normal gastric epithelium, and then to use magnified DC
imaging to further characterize and perhaps identify more
lesions if possible. We recommend performing a further
study on the suspicious lesion with CLE by applying the
scope or probe on the lesion and taking a biopsy if EGC
or GIM with high grade dysplasia is suspected. In con-
trast, taking a biopsy from a lesion confirmed as a com-
plete GIM by CLE may not be necessaty because a com-
plete GIM contains a very low risk for developing gastric
cancer. By using this protocol, the procedure duration
can be shortened. We recommend this combination of
techniques because our study showed higher sensitivity
(89%) and specificity (94%) for GIM diagnosis by adding
pCLE on DC™. In addition, NBI/ME needs intensive
training for GIM interpretation™, whereas pCLE re-
quires a shorter training session. Moreover, interobserver
agreement among expert endoscopists for GIM detection
based on each criterion of NBI/ME is still suboptimal
(k = 0.60 for LBC and no data for the other criteria)™’,
whereas pCLE provided a better score by showing an
almost perfect agreement (k = 0.83) among experienced
readers™.

To avoid the shaking of the picture during the CLE
procedure, adequate sedation is necessary in every pa-
tient because the procedure requires a very cooperative
subject. A standard conscious sedation with intravenous
midazolam and meperidine or propofol is recommended.
Moreover, hyoscine or glucagon injection to decrease
bowel movement is a requisite to ensure the stability
of the examination. In addition, a simethicone solution

should be rinsed to reduce mucous and gas bubbles in
the stomach. Intravenously administering 10% fluores-
cein sodium at a dose of 2.5 mL right before the exami-
nation is adequate for a 30-min study.

A transparent cap is needed to maintain the focus
distance during examination with pCLE. Slight pressure
on the endoscope with the cap on is recommended to
stabilize the target; once the target is identified, a biopsy
can be obtained. For pCLE, a mark should be made by
pressing a probe on the targeted gastric mucosa. The bi-
opsy needs to be performed immediately after replacing
the probe with a forceps into the endoscope accessory
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channel. Of note, a procedure duration of longer than
20-30 min may have an impact on the image quality due
to procedure-related mucosal damage and contrast leak-
age. The most important factor for excellent image inter-
pretation is the experience of the endoscopist.

DC has been proven to delineate the EGC margin
from non-malignant gastric mucosa™*. The Asia-Pacific
Consensus recommended DC as an adjunctive tool for
evaluation of the EGC margin. They recommended us-
ing DC both before and after endoscopic mucosal resec-
tion or endoscopic submucosal dissection™. To date,
there has been no study published on employing CLE to
evaluate the EGC margin. In the authors’ opinion, CLE
may be useful for evaluating the residual malignant muco-
sa after endoscopic treatment. In addition, DC has been
proven to be useful for GIM surveillance”. A group
from South Korea recommended a 2-year surveillance
interval in patients with GIM™. However, in a patient
with extensive GIM, a much shorter annual surveillance
with magnified DC is recommended after the resection
of EGC™.

CONCLUSION

There has been a significant evolution in the endoscopic
diagnosis of GIM and EGC. The current standard prac-
tice relies on a random biopsy under WLE. Although
many expert centers have put magnified chromoendosco-
py into their standard protocol for EGC surveillance, this
practice has not been accepted wotldwide for many rea-
sons. Magnified DC is a promising tool for overcoming
this problem, and may be beneficial for targeted biopsy.
As an additional asset, CLE has been proposed for real-
time confirmation of GIM without the need for a biopsy.
However, the use of CLE is practical only in a patient
with GIM, whereas the use of CLE for EGC confirma-
tion is limited due to poor standardization of the criteria,
for which a long learning curve may be required. In con-
clusion, histological examination by DC tatgeted biopsy
may be recommended as a new “gold standard” for
EGC diagnosis. CLE is a better alternative over a routine
randomized biopsy in GIM surveillance because it can
reduce unnecessatry random biopsies.
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ethical rules and the benefits of others. (1) Maximization of the
benefits of editorial board members: The primary task of editorial
board members is to give a peer review of an unpublished scientific
article via online office system to evaluate its innovativeness, scien-
tific and practical values and determine whether it should be publi-
shed or not. During peer review, editorial board members can also
obtain cutting-edge information in that field at first hand. As leaders
in their field, they have priority to be invited to write articles and
publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since WJGE is an OA journal, readers around the world
can immediately download and read, free of charge, high-quality,
peer-reviewed articles from WJGE official website, thereby realizing
the goals and significance of the communication between authors
and peers as well as public reading; (3) Maximization of the benefits
of readers: Readers can read or use, free of charge, high-quality
peer-reviewed articles without any limits, and cite the arguments,
viewpoints, concepts, theories, methods, results, conclusion or facts
and data of pertinent literature so as to validate the innovativeness,
scientific and practical values of their own research achievements,
thus ensuring that their articles have novel arguments or viewpoints,
solid evidence and correct conclusion; and (4) Maximization of the
benefits of employees: It is an iron law that a first-class journal is
unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in
an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realizing the
maximization of the personal benefits of editorial board members,
authors and readers, and yielding the greatest social and economic
benefits.

(4 9

Tap
JBaishideng®

WIJGE | www.wjgnet.com

Aims and scope

The major task of WJGE is to report rapidly the most recent re-
sults in basic and clinical research on gastrointestinal endoscopy
including: gastroscopy, intestinal endoscopy, colonoscopy, capsule
endoscopy, laparoscopy, interventional diagnosis and therapy, as
well as advances in technology. Emphasis is placed on the clini-
cal practice of treating gastrointestinal diseases with or under
endoscopy. Papers on advances and application of endoscopy-asso-
ciated techniques, such as endoscopic ultrasonography, endoscopic
retrograde cholangiopancreatography, endoscopic submucosal
dissection and endoscopic balloon dilation are also welcome.

Columns

The columns in the issues of WJGE will include: (1) Editorial: To
introduce and comment on major advances and developments
in the field; (2) Frontier: To review representative achievements,
comment on the state of current research, and propose directions
for future research; (3) Topic Highlight: This column consists of
three formats, including (A) 10 invited review articles on a hot
topic, (B) a commentary on common issues of this hot topic, and
(C) a commentary on the 10 individual articles; (4) Observation:
To update the development of old and new questions, highlight
unsolved problems, and provide strategies on how to solve the
questions; (5) Guidelines for Basic Research: To provide guidelines
for basic tesearch; (6) Guidelines for Clinical Practice: To provide
guidelines for clinical diagnosis and treatment; (7) Review: To
review systemically progress and unresolved problems in the field,
comment on the state of current research, and make suggestions
for future work; (8) Original Article: To report innovative and
original findings in gastrointestinal endoscopy; (9) Brief Article: To
briefly report the novel and innovative findings in gastrointestinal
endoscopy; (10) Case Report: To report a rare or typical case;
(11) Letters to the Editor: To discuss and make reply to the con-
tributions published in WJGE, or to introduce and comment on
a controversial issue of general interest; (12) Book Reviews: To
introduce and comment on quality monographs of gastrointestinal
endoscopy; and (13) Guidelines: To introduce consensuses and
guidelines reached by international and national academic authorities
worldwide on basic research and clinical practice in gastrointestinal
endoscopy.

Name of journal
World Journal of Gastrointestinal Endoscopy

ISSN
ISSN 1948-5190 (online)

Editor-in-chief

Nadeem Ahmad Afzal, MD, MBBS, MRCP, MRCPCH,
Consultant Paediatric Gastroenterologist and Honorary Senior
Clinical Lecturer, Room EG244D, Mailpoint 44, Floor G,
Southampton General Hospital, Tremona Road, Southampton,
Hampshire SO16 6YD, United Kingdom

Spiros D Ladas, MD, Professor of Medicine and Gastroenterology,
Medical School, University of Athens, Chairman, 1st Department
of Internal Medicine-Propaedeutic, Director, Medical Section,
“Laiko” General Hospital of Athens, 17 Agiou Thoma Street,
11527 Athens, Greece

October 16, 2012 | Volume 4 | Issue 10 |



Instructions to authors

Juan Manuel-Herrerias, MD, PhD, AGAF, Professor, Gastroenter-
ology Service, Hospital Universitario Virgen Macarena, Aparato
Digestivo, Avda. Dr. Fedriani, s/n, 41071 Sevilla, Spain

Till Wehrmann, MD, PhD, Professor, FB Gastroenterologie
Gastro-enterologie, Deutsche Klinik fuer Diagnostik, Aukammallee
33, 65191 Wiesbaden, Germany

Editorial Office

World Journal of Gastrointestinal Endoscopy
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

E-mail: wjge@wjgnet.com

http:/ /www.wjgnet.com

Telephone: +86-10-85381892

Fax: +86-10-8538-1893

Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifier, and Directory
of Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statisital review is performed after peer review. We invite an expert
in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (lineat, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should be
described when they are used to verify the results; (2) Whether the
statistical techniques are suitable or correct; (3) Only homogeneous
data can be averaged. Standard deviations are preferred to standard
errors. Give the number of observations and subjects (7). Losses
in observations, such as drop-outs from the study should be re-
ported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any
potential bias, WJGE requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in relation to the submitted work. Referees are also asked to
indicate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors ICMJE), which is available at: http://wwwicmje.
org/ethical_4conflicts.html.

Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member for
[names of organizations|, and has received research funding from
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Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee
or it should be stated cleatly in the text that all persons gave their
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informed consent prior to their inclusion in the study. Details that
might disclose the identity of the subjects under study should be
omitted. Authors should also draw attention to the Code of Ethics
of the World Medical Association (Declaration of Helsinki, 1964,
as revised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should
follow the highest standards and the trial should comform to Good
Clinical Practice (for example, US Food and Drug Administration
Good Clinical Practice in FDA-Regulated Clinical Trials; UK
Medicines Research Council Guidelines for Good Clinical Practice
in Clinical Trials) and/or the Wotld Medical Association Declaration
of Helsinki. Generally, we suggest authors follow the lead
investigator’s national standard. If doubt exists whether the research
was conducted in accordance with the above standards, the authors
must explain the rationale for their approach and demonstrate
that the institutional review body explicitly approved the doubtful
aspects of the study.

Before submitting, authors should make their study approved
by the relevant research ethics committee ot institutional review
board. If human participants were involved, manuscripts must be
accompanied by a statement that the experiments were undertaken
with the understanding and appropriate informed consent of each.
Any personal item or information will not be published without
explicit consents from the involved patients. If experimental animals
were used, the materials and methods (experimental procedures)
section must clearly indicate that appropriate measures were taken to
minimize pain or discomfort, and details of animal care should be

provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Le-
gends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole ot in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting
of clinical trials, we endorse the policy of the International Com-
mittee of Medical Journal Editors to refuse to publish papers on
clinical trial results if the trial was not recorded in a publicly-acces
sible registry at its outset. The only register now available, to our
knowledge, is http://www. clinicaltrials.gov sponsored by the Uni
ted States National Library of Medicine and we encourage all po-
tential contributors to register with it. However, in the case that
other registers become available you will be duly notified. A letter
of recommendation from each author’s organization should be
provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing;

Online submissions

Manuscripts should be submitted through the Online Submission
System at: wjge@wignet.com. Authors ate highly recommended
to consult the ONLINE INSTRUCTIONS TO AUTHORS
(http:/ /www.wignet.com/1948-5190/¢_info_20100316080002.
htm) before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
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send an email describing the problem to http://www.wjgnet.com/
esps/, ot by telephone: +86-10-59080038. If you submit your
manuscript online, do not make a postal contribution. Repeated
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required
information for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should

be provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data;
(2) drafting the article or revising it critically for important intel-
lectual content; and (3) final approval of the version to be pub-
lished. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com-
plete name of institution, city, province and postcode. For exam-
ple, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral, and
Transplantation Surgery, Essen 45122, Germany; George Sgourakis,
2nd Surgical Department, Korgialenio-Benakio Red Cross Hospital,
Athens 15451, Greece

Author contributions: The format of this section should be: Au-
thor contributions: Wang CL and Liang L contributed equally to
this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu XM
designed the research; Wang CL, Zou CC, Hong F and Wu XM
petformed the research; Xue JZ and Lu JR contributed new rea-
gents/analytic tools; Wang CL, Liang L and Fu JF analyzed the data;
and Wang CL, Liang L. and Fu JF wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g,,
Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJGE, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
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accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts ate as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections. AIM
(no more than 20 words): Only the purpose should be included.
Please write the aim as the form of “To investigate/study/...;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P values
where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 £ 3.86 »s 3.61 £ 1.67, P < 0.001;
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key wotds, selected mainly from Index Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles, rapid communica-
tion and case reports, the main text should be structured into the
following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the
main text or in Figures and Tables, but not in both. The main
text format of these sections, editorial, topic highlight, case
report, letters to the editors, can be found at: http://wwwwjgnet.
com/1948-5190/g_info_20100316080002.htm.

Hlustrations

Figures should be numbered as 1, 2, 3, e#., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all clements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the
legend rather than on the bar itself. File names should identify
the figure and panel. Avoid layering type directly over shaded or
textured areas. Please use uniform legends for the same subjects.
For example: Figure 1 Pathological changes in atrophic gastritis
after treatment. A: ..; B: ..; C: .; D: . B L B G Llete Tt s
our principle to publish high resolution-figures for the printed and
E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one hotizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. *P <

October 16, 2012 | Volume 4 | Issue 10 |



Instructions to authors

0.05,"P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and ‘P < 0.01 are used.
A third series of P values can be expressed as ‘P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, O, A, /\, ef., in a certain
sequence.

Acknowledgments

Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for ob-
taining written permission to use any copytighted text and/or
illustrations.
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Coding system
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narration, the coding number and square brackets should be typeset
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in the text, they should be put together within the text, for example,
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Authors: the name of the first author should be typed in bold-faced
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Statistical data
Write as mean * SD or mean * SE.

Statistical expression
Express # test as 7 (in italics), I test as F (in italics), chi square
test as y” (in Greek), related coefficient as  (in italics), degree of
freedom as v (in Greek), sample number as # (in italics), and pro-
bability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pre-
ssure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96
h, blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO,
volume fraction, 50 mL/L. CO,, not 5% CO,; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, ef.
Arabic numerals such as 23, 243, 641 should be read 23243 641.
The format for how to accurately write common units and qu-
antums can be found at: http:/ /wwwwignet.com/wjg/help/15.doc.

Abbreviations

Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated
unless they are used repeatedly and the abbreviation is helpful to
the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, .4 area, /length,
» mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcwRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-5190/¢_info_20100316
080004.htm

Frontier: http://www.wjgnet.com/1948-5190/¢_info_201003
13155344.htm

Topic highlight: http:/ /wwwwijgnet.com/1948-5190/g_info_2010
0316080006.htm

Obsetvation: http://www.wjgnet.com/1948-5190/g_info_20100
107124105.htm

Guidelines for basic research: http://wwwwijgnet.com/1948-5190/
g info_20100313155908.htm

Guidelines for clinical practice: http://www.wjgnet.com/19
48-5190/g_info_20100313160015.htm

Review: http://www.wjgnet.com/1948-5190/¢_info_20100
107124313.htm

Original articles: http://www.wijgnet.com/1948-5190/¢g_info_20
100107133454.htm

Brief articles: http://wwwwijgnet.com/1948-5190/g_info_201003
13160645.htm

Case report: http://www.wjgnet.com/1948-5190/¢_info_20100
107133659.htm

Lettets to the editor: http://wwwwjgnet.com/1948-5190/¢g_info_
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20100107133856.htm

Book reviews: http://wwwwijgnet.com/1948-5190/¢_info_201003
13161146.htm

Guidelines: http://www.wjgnet.com/1948-5190/¢_info_20100
313161315.htm

SUBMISSION OF THE REVISED
MANUSCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of
WJGE. The revised version including manuscript and high-
resolution image figures (if any) should be re-submitted online
(http:/ /www.wignet.com/1948-51900ffice/). The author should
send the copyright transfer letter, responses to the reviewers,
English language Grade B certificate (for non-native speakers of
English) and final manuscript checklist to wijge@wignet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wijgnet.com/1948-5190/g_info_20100107134847.htm.

Responses to reviewers

Please revise your article according to the comments/sugges-
tions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wijgnet.
com/1948-5190/¢_info_20100107134601.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

IW]GE will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on
the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released
rapidly at EutekAlert/AAAS (http://www.curekalert.org). The
title for news items should be less than 90 characters; the summary
should be less than 75 words; and main body less than 500 words.
Science news items should be lawful, ethical, and strictly based on
your original content with an attractive title and interesting pictures.

Publication fee

IW]GE is an international, peer-reviewed, OA, online journal.
Articles published by this journal are distributed under the terms of
the Creative Commons Attribution Non-commercial License, which
permits use, distribution, and reproduction in any medium, provided
the original work is propetly cited, the use is non commercial and
is otherwise in compliance with the license. Authors of accepted
articles must pay a publication fee. Publication fee: 600 USD per
article. Editorial, topic highlights, book reviews and letters to the
editor are published free of charge.
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