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A capsule endoscope is a swallowable wireless minia-
ture camera for getting images of the gastrointestinal
(GI) mucosa. The initial capsule endoscope model was
developed by Given Imaging and approved in Western

{ountries in 2001. Before the introduction of capsule

endoscopy (CE) and double-balloon endoscopy (DBE),
there was no effective modality for the evaluation and
management of patients with obscure GI bleeding.
Obscure GI bleeding is defined as bleeding of unknown
origin that persists or recurs after a negative initial or
primary endoscopy (colonoscopy or upper endoscopy)
result. The first capsule endoscope model, which is now
regarded as a first-line tool for the detection of abnor-
malities of the small bowel, was the PillCam SB. It was
approved in Japan in April 2007. The main indication
for use of the PillCam SB is obscure GI bleeding. Almost
the only complication of CE is capsule retention, which
is the capsule remaining in the digestive tract for a
minimum of 2 weeks. A retained capsule can be retrieved
by DBE. There dre some limitations of CE in that it
cannot be used to obtain a biopsy specimen or for endo-
scopic treatment. However, the combination of a
PillCam SB and DBE seems to be the best strategy for

1anagement of obscure GI bleeding. Recently, several
new types of capsule endoscope have been developed,
such as Olympus CE for the small bowel, PillCam ESO
for investigation of esophageal diseases, and PillCam
COLON for detection of colonic neoplasias. In the
near future, CE is expected to have a positive impact
on many aspects of GI disease evaluation and
management.

Key words: capsule endoscopy, obscure gastrointestinal
bleeding, double-balloon endoscopy
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Introduction

A capsule endoscope is a swallowable wireless minia-
ture camera for getting images of the gastrointestinal
(GI) mucosa. The initial capsule endoscope model was
developed by Given Imaging (Yoqneam, Israel)' and
approved in Europe and the United States in 2001.%*
Almost at the same time, Yamamoto et al.** developed
double-balloon endoscopy (DBE), which is based on a
new insertion technique that makes it possible to insert
an endoscope into the distal portion of the small bowel.
Since the introduction of capsule endoscopy (CE) and
DBE into clinical use, dramatic changes have occurred
in the evaluation and management of patients with GI
bleeding and obscure GI bleeding. Obscure GI bleeding
is defined as bleeding of unknown origin that persists
or recurs after a negative initial or primary endoscopy
(colonoscopy or upper endoscopy) result® As a result
of the capability of both CE and DBE to easily visualize
the small bowel, GI bleeding has been reclassified into
three categories (upper, mid, and lower GI bleeding)
instead of the traditional classification into upper and
lower GI bleeding.” Bleeding above the ampulla of
Vater, within the reach of an esophagogastroduodenos-
copy (EGD), is defined as upper GI bleeding. Small-
bowel bleeding from the ampulla of Vater to the
terminal ileum, best investigated by CE and DBE, is
defined as mid GI bleeding, and colonic bleeding is
defined as lower GI bleeding, which can be evaluated
by colonoscopy.’

In this article, we review previous reports, including
the latest reports, focusing on CE and management of
obscure GI bleeding, which is the most important indi-
cation for CE of the small bowel. In addition, we briefly
discuss other types of capsule endoscope and the future
of CE.
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Capsule endoscopy of the small bowel

Brief history

The first capsule endoscope model in the world, called
M2A (meaning “mouth to anus”), was manufactured by
Given Imaging.' After clinical use and evaluation,”
M2A was approved for general clinical use in Europe
in May 2001, and by the US. Food and Drug Adminis-
tration (FDA) in August 2001.

The FDA initially approved M2A as an adjunctive
tool for visualization of abnormalities of the small
bowel. Afterward, in July 2003, it approved M2A as a
first-line tool for the detection of abnormalities of
the small bowel, based on evidence provided by a meta-
analysis.”” M2A was renamed PillCam SB (meaning
“small bowel”; Fig. 1) after the advent of esophageal
CE (PillCam ESO; Fig. 2)," also developed by Given
Imaging.

In Japan, the first clinical CE trial for small-bowel
disease, including Crohn’s disease, was carried out
at Dokkyo Medical University (Tochigi) and Social
Insurance Central Hospital (Tokyo) in 2003."" PillCam
SB was approved by the Ministry of Health, Labour
and Welfare of Japan in April 2007, and finally reim-
bursement for CE costs was approved by Social Insur-
ance Agency of Japan in October 2007.

Another type of CE for the small bowel has been
developed by Olympus (EndoCapsule EC type 1) and
is already approved in Europe but not yet in Japan.
More than 600000 PillCam SB capsules have been used
worldwide since 2001.

T. Nakamura and A. Terano: Capsule endoscopy

PillCam SB system

The PillCam SB system has three components: a capsule
endoscope body, an external receiving antenna (consist-
ing of eight sensor arrays) with attached portable hard
disc drive (data recorder), and a customized PC work-
station (RAPID: reading and processing images and
data) with dedicated software for review and interpre-
tation of images."* The PillCam SB capsule (11mm X
26 mm, 3.64g) consists of a metal oxide silicon (CMOS)
chip imager, a short focal lens, six white light-emitting
diode illumination sources, two watch batteries, and a
UHF band radio telemetry transmitter. Image features
include a 140° field of view, 1:8 magnification, 1- to 30-
mm depth of view, and a minimum size of detection of
about 0.1 mm.

The activated PillCam SB capsule provides images at
a frequency of 2 frames per second until the battery
expires, after about 8 h, which enables the device to take
up to 55000 still images (JPEG format).""

Indication (obscure GI bleeding)

In Japan, the only indication for PillCam SB is GI bleed-
ing of unknown origin after negative upper and lower
GI examination (including endoscopy). This is almost
the same as “obscure GI bleeding,” previously men-
tioned. Indeed, obscure GI bleeding is the main clinical
indication for PillCam SB use: about 70%-80% of
patients undergoing CE suffer from obscure GI bleed-
ing.'*"” The American Society for Gastrointestinal
Endoscopy (ASGE) Technology Assessment Commit-

Fig. 1. PillCam SB (11mm x 26 mm): a first-line tool for the
detection of abnormalities of the small bowel

Fig. 2. PillCam ESO (11 mm x 26 mm): capsule endoscope for
investigating esophageal diseases
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tee concluded that PillCam SB shows superior yield
compared with both radiographic contrast studies
and push enteroscopy.”” Two published meta-analyses
support the utility of PillCam SB in obscure GI bleed-
ing.””” The ASGE Technology Assessment Committee
also concluded that PillCam SB is indicated not only for
evaluating obscure GI blcedmg but also for unexplamed
iron deficiency anemia.’

DBE has also been used to evaluate patients with
obscure GI bleeding.’ The comparative diagnostic value
of DBE and PillCam SB has been shown to be similar
by a recent meta-analysis.”

Two meta-analyses” and the ASGE status report”’
suggest that CE for small bowel should be performed
third (after upper and lower GI endoscopy). The pro-
posed algorithm for CE in cases of obscure GI bleeding
is shown in Fig. 3.2

A case of angiectasia and one of carcinoid,” both
detected by PillCam SB, are shown in Figs. 4 and 5
respectively.

Other indications

Crohn’s disease has been discovered in patients with
obscure GI bleeding undergoing PillCam SB.* There-
fore, PillCam SB has also been proposed in Western

countries for evaluation of the small-bowel mucosa of

patients with Crohn’s disease. In patients undergoing
PillCam SB for suspected Crohn’s disease, the frequency
of capsule retention is low (approximately 1.5%)." On
the other hand, capsule retention occurs in 5%-13%
of patients with diagnosed Crohn’s disease.'*” There-
fore, diagnosed Crohn’s disease is a contraindication

be repeated before investigation of the
small bowel and will frequently identify
lesions overlooked at the initial endos-
copy. Massive bleeding: patients with
significant active bleeding are unsuitable
candidates for endoscopy

Fig. 4. Angiectasia of the proximal jejunum in a patient
undergoing capsule endoscopy for obscure gastrointestinal
bleeding

for PillCam SB use in Japan because of the possible
presence of asymptomatic stenosis, which causes
retention.

Small-bowel tumors such as gastrointestinal stromal
tumors, carcinoid, lymphoma, and cancer have been
discovered by PillCam SB, mostly as polyps, masses, or
stenosis. The presence of tumors leads to capsule reten-
tion in about 10%-25% of cases.”®”” The most frequent
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Fig. 5. Submucosal tumor (carcinoid) of the proximal ileum
ina pauent undergoing capsule endoscopy for obscure gastro-
intestinal bleeding

treatment in patients with small-bowel tumors is surgi-
cal intervention, which allows the retrieval of the
retained capsule at the same time. Therefore, capsule
retention in patients with small-bowel tumors is nuw
considered a minor complication, except in Japan.”

Celiac disease is rare in Japan but an important
problem in Western countries. At the present time, tra-
ditional gastroscopy with duodenal biopsies remains the
method of choice to assess mucosal atrophy in patients
with suspected celiac disease. However, PillCam SB
may be a suitable tool in patients in whom celiac disease
is highly suspected clinically and who are unab]e or
unwilling to undergo traditional cndoscop\

PillCam SB has also been used in other clinical condi-
tions as follows.

1. Nonsteroidal anti-inflammatory

induced mucosal damage.”*

Diagnosis and surveillance of patients with heredi-
tary polyposis syndrome.™

. Indeterminate colitis.*

. Irritable bowel syndrome with clinically suspected
celiac disease.”

. Protein-losing enteropathy.*

. Whipple disease.”

. Small-bowel transplantation.”

. Graft-versus-host disease."*

. Primitive lymphangiectasia
patients).”

drug (NSAID)-

o
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Complications and limitations

CE should not be used in patients with a swallowing
disorder owing to the risk of aspiration. The safety of
CE during pregnancy has not yet been established.

Capsule retention is defined as having an endoscopy
capsule remain in the digestive tract for a minimum of
2 weeks.* The frequency of this problem varies, depend-
ing mostly on the clinical indication for CE, and ranges
from 0% in healthy sub]tus to 21% in patients with
intestinal obstruction.'® This problem has been reported
especially among patients with diagnosed Crohn’s
disease and among those at a high risk for stricture for-
mation, such as NSAID users and patients with
ischemic colitis (associated with small-bowel tumors,
radiation enteritis, and surgical anastomotic strictures). £l
Capsule retention may occur with any type of capsule
endoscope, not only with the PillCam SB. For this
reason. if CE is indicated, careful consideration is
necessary in the case of high-risk patients before per-
forming CE. CE should be preceded by imaging tests to
exclude stenosis in patients with suspected Crohn’s
disease. Patients with a history of abdominal obstruc-
tion, abdominal surgery, or abdominal or le\]L area
radiation exposure should be excluded.” Capsule
retention must be considered a serious and major
complication in patients in whom surgical intervention
must be avoided as long as possible On the
other hand, a retained capsule can be retrieved by
DBE.“#

Electromagnetic interference with thoracic pace-
makers or implanted defibrillators can occur; however,
several recent studies have reported CE to be safe in
patients with such implanted devices.*™

The possibility of a false-negative CE result is a
clinical limitation of PillCam SB. The global miss rate
of PillCam SB is about 11%, ranging from 0.5% for
ulcerative disease to 18.9% for neoplastic disease,
according to a master database provided by Given
Imaging.”’ At present, there are no conclusive explana-
tions for false-negative CE results.

Small-bowel cleanness is thought to be key to
ensuring a complete and accurate CE examination.
Several studies about small-bowel cleaning with
laxatives, prokinetic drugs, and so on have been
published; however, no recommendations have been
made.”

CE has some technical limitations; it cannot be used
to obtain biopsy specimens or for endoscopic treat-
ment, and it cannot be controlled remotely. On the
other hand, DBE can be used for biopsies and endo-
scopic treatments.” Therefore, at the present time, the
combination of PillCam SB and DBE seems to be
the best strategy for the management of obscure GI
bleeding.
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Other types of capsule endoscope and the future of
capsule endoscopy

EndoCapsule EC type 1

EndoCapsule EC type 1 is another type of small-bowel
capsule endoscope, developed by Olympus. There are
two differences between the Olympus CE and PillCam
SB systems. The Olympus capsule has a high-resolution
CCD and an external real-time image viewer (External
Viewer) monitor.” However, a recent randomized
study comparing these two types of capsule endoscope
reported a statistically nonsignificant trend for the
EndoCapsule to detect more bleeding sources in patients
with suspected small-bowel bleeding than the PillCam
SB.*

PillCam ESO
PillCam ESO (Fig. 2), the same size and shape as

PillCam SB (Fig. 1), was specifically designed by Given
Imaging to investigate esophageal diseases."” The main

potential indication for PillCam ESO is in patients with
gastroesophageal reflux disease or Barrett’s esophagus.
It was approved by the FDA following a study by
Eliakim et al.,** which has been published in abstract
form. PillCam ESO may be an accurate noninvasive
alternative to EGD for the detection of esophageal
varices and portal hypertensive gastropathy.* On the
other hand, a recent multicenter study reported that
PillCam ESO in its present form is not suitable as a
primary screening tool for Barrett’s esophagus, although
it may be useful in patients unwilling to undergo
EGD.~

PillCam COLON

PillCam COLON (Fig. 6, 11mm x 31 mm) was recently
developed by Given Imaging to detect colonic neopla-
sia. Two pilot trials with PillCam COLON have been
conducted,™” and a large prospective multicenter trial
is now underway.”® Interestingly, some polyps can be
detected by PillCam COLON that are missed by a
traditional colonoscopy, according to this interim
analysis.*

Patency capsule

A patency capsule, which similar in size to PillCam ESO
and PillCam SB and dissolves spontaneously because
it is composed of lactose, has been developed by Given
Imaging to assess bowel patency and degree of stenosis.
If passage of the patency capsule is blocked, the capsule
dissolves in 40-100h. The safety and efficacy of the
initial model has been questioned.” Recently, a new
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Fig. 6. PillCam COLON (11 mm x 31 mm): capsule endoscope
for detecting colonic neoplasias

patency capsule model with a biodegradable body has
been developed. The new patency capsule is a reliable
indicator of functional patency in suspected or even
known cases of intestinal stricture, and it can be used
prior to conventional CE to predict and minimize the
risk of retention and impaction.”

The future of capsule endoscopy

Therapeutic interventions using a capsule endoscope,
such as delivery of medication to specific disease sites
and the possibility of using lasers, are also being dis-
cussed, according to updated CE guidelines of the
European Society of Gastrointestinal Endoscopy.”

Conclusion

CE is an important new diagnostic modality for the GI
tract. It is a safe, noninvasive, epoch-making method of
endoscopy. In the near future, CE will certainly have an
impact on many aspects of GI disease evaluation and
management.
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1. Purpose

The purpose of these Guidelines is to ensure and
secure the safety of all those concerned (the patient,
medical and paramedical personnel) in PDT proce-
dures PDT for digestive tract lesions (superficial
esophageal cancers, early stage superficial gastric can-
cers, and so on) by listing rules and stipulations that
need to be observed. ¥

As of July, 2005 the only PDT for digestive tract
insured by the Japanese health system is PDT with
Photofrin injection and irradiation with the excimer
laser or the YAG-OPO laser. The procedure is restrict-
ed to superficial esophageal cancers and early stage
superficial gastric cancers. PDT for any other digestive
tract lesion is still in its investigative stage and will be
noted at the of these Guidelines for reference purpos-
€s.
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2. Qualification and requirements of the
doctor performing PDT, and the facility
where PDT is to be performed

1) Qualifications and requirements of the facility

The facility must have a complete set of all hard-
ware including endoscopes and other laser light
managing devices and employ personnel with
ample knowledge on handling of the devices along
with the knowledge of PDT and appropriate photo-
sensitizers. The facility is required to have qualified
medical doctors fulfilling the qualifications and
requirements for medical doctors, listed below.

It is better that the facility has a CT scanning
device and ultrasonographic devices for assisting
diagnosis.

Facilities maintaining the status of Board Certified
Facility or Board Certified Instructional Facility from
the Japan Society of Laser Surgery 1) and Medicine
or the status of Board Certified Facility from the
Japan Gastroenterological Endoscopy Society () are
adequate.

2) Qualifications and requirements of the medical doc-
tor

It is better that the attending surgeon performing

the PDT procedure be a member of the Japan
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