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Video capsule endoscopy in children with
Crohn's disease —review article and single

center experience

Video kapsulna endoskopija pri otrocih s Crohnovo
boleznijo — pregledni ¢lanek in nasSe izkusnje

Tina Kamhi Trop, Rok Orel

Abstract

Video capsule endoscopy is a simple, safe, non-
invasive, reliable procedure for visualization of
the small bowel, well accepted and tolerated by
patients, which can be safely performed in pedi-
atric population as well as in adults.

In this review we describe the video capsule en-
doscopy system and its clinical applications for
use. We discuss the importance of capsule en-
doscopy in small bowel visualization patients
with Crohn’s disease. Contraindications and
technical limitations of the procedure are listed.
Furthermore, we review the literature for diag-
nostic effectiveness of the procedure, and com-
pare the capsule endoscopy to other modalities
for imaging of the small bowel. We describe
possible complication of the procedure, capsule
retention, and ways to minimize the risk of its
occurrence.

At the end, we report our experience with cap-
sule endoscopy use in pediatric patients with
Crohn’s disease.

Izvlecek

Video kapsulna endoskopija je enostavna, varna
in neinvazivna metoda za prikaz tankega cre-
vesa, ki jo bolniki dobro prenasajo in jo varno
uporabljajo tako pri pediatri¢ni populaciji kot
pri odraslih bolnikih. V tem preglednem ¢lanku
opiSemo sistem video kapsulne endoskopije in
njene izvedbe za klini¢no uporabo. Razpravlja-
mo o pomenu kapsulne endoskopije pri pregle-
du tankega ¢revesa bolnikov s Crohnovo bole-
znijo. Na$tejemo kontraindikacije in tehni¢ne
omejitve preiskave. Poleg tega navajamo pregled
objavljene literature o diagnosti¢ni uc¢inkovitosti
kapsulne endoskopije in jo primerjamo z drugi-
mi slikovnimi tehnikami, ki so na voljo za pre-
iskavo tankega ¢revesa. OpiSemo mozni zaplet
preiskave, zastoj kapsule, in opiSemo nacin, kako
se tveganju za ta pojav ¢im bolj izognemo.

Na koncu navajamo svoje izku$nje z uporabo
kapsulne endoskopije pri pediatri¢nih bolnikih
s Crohnovo boleznijo.

Introduction

Inflammatory bowel disease (IBD) is a
group of inflammatory disorders of the ga-
strointestinal tract that mostly affect adults,
with a peak patient age between 20 and 40
years, but can occur in children as well. Pe-

diatric IBD accounts for up to 25% of all
IBD cases.

IBD includes two major diseases, Crohn’s
disease (CD) that can affect any part of the
gastrointestinal tract, and ulcerative coli-
tis (UC) affecting only the colon. There is a

|-7



PREGLEDNI CLANEK/REVIEW

third entity comprising this group of intesti-
nal disorders, known also as indeterminate
colitis (IC), with which we describe the dise-
ase that cannot be classified endoscopically
or histologically either as Crohn’s disease or
as ulcerative colitis.

Crohn’s disease affects the small bowel
in 70 % of patients, with as many as 30 % of
Crohn’s disease patients having lesions limi-
ted to the small bowel only.” Typical symp-
toms of Crohn’s disease include abdominal
pain, diarrhea, bloody stools, and typically
in pediatric IBD patients weight loss or fai-
lure to thrive and growth retardation. The
disease usually follows a chronically relap-
sing course, with remissions lasting for up
to several months.

The diagnosis of Crohn’s disease is usual-
ly based on a combination of clinical, labo-
ratory, endoscopic, histologic, and radiolo-
gic/imaging findings.

Until about a decade ago, the small bowel
was very difficult to explore with the availa-
ble endoscopic and radiological techniques;
in routine practice, only the last few centi-
meters of the ileum are accessible to visua-
lization by ileocolonoscopy, the majority of
the small bowel being inaccessible for a clas-
sic endoscope. There are different types of
enteroscopies available for the exploration
of the small bowel, such as push, single and
double-balloon, or intraoperative enteros-
copies, but those procedures are all invasive,
and are poorly tolerated by patients.* Late-
ly, computed tomography (CT) and magne-
tic resonance imaging (MRI) enteroscopies
have also become available for diagnostics of
the small bowel, but their diagnostic yield,
compared to that of the VCE, is deemed to
be inferior. In addition, radiation exposure
with CT examination is a particular concern
in pediatric patients. In general, patients
find capsule endoscopy more comfortable
and convenient than the above mentioned
radiological examinations.

Video-capsule endoscopy (CE) can pro-
vide a simple, safe, non-invasive, reliable
procedure for visualization of the small
bowel, which is well accepted and tolerated
by patients. It can be safe and effective even
in small pediatric patients.” This technique
evaluates the whole small bowel with high

resolution images, avoiding any sedation,
surgery or radiation exposure,®” which ma-
kes it even more appealing for use in pedia-
tric patients.

It is an endoscopic procedure for direct
visualization of the small bowel mucosa,
but contrary to the standard endoscopy
which uses a flexible endoscopic tube, this
procedure uses a small vitamin tablet-sized
(measuring 11mm x 26 mm and weighing
3.7g) pill containing a camera, a battery
with 8-hour life, a light source, and a tran-
smitter. The image filed of the camera is 140
degrees, magnification is x 8 and the depth
of view is 1 to 30 mm.*>* It takes 2 images per
second, thus recording approx. 55,000 ima-
ges during the 8-hour procedure, and tran-
smits them by means of radio frequency to
a sensor array with 8 sensors that are placed
on the patient’s abdomen, and from here to
a data recorder device, which the patient ca-
rries with him during the whole procedure.
After the examination, the images are trans-
ferred to a workstation and an 8-hour video
is created with specially designed software.
Reading and interpreting of the CE video is
a timely job, and requires a skillful eye; it ta-
kes on average 40-60 minutes to read these
images,'® usually even more. The capsule is
excreted with feces and can be disposed of;
it is designed for single-use. The patient is
asked to observe the stools, if he does not
pass the capsule in approximately 7 days,
he should be checked for capsule retention
with plain radiograph.'!

Currently, capsule endoscopy systems
are manufactured by four companies.” The
initial capsule endoscope was approved in
Europe by the European Medicines Agen-
cy and in the United States by the Food and
Drug Administration in 2001."> Almost all
of the information provided in different stu-
dies, as well as in this review, is based on pu-
blished data collected with Given Imaging
PillCams.’

Use of video capsule
endoscopy in Crohn's disease

Indications for capsule endoscopy inclu-
de obscure gastrointestinal (GI) bleeding,
small-bowel Crohn’s disease, suspected tu-
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mors of the small intestine and surveillan-
ce in patients with polyposis syndromes,
and suspected or refractory malabsorption
syndromes. In patients with CD, it is useful
for establishing diagnosis, assessing disease
prognosis, activity and mucosal healing post
therapy, and to define the extent and seve-
rity of the disease within small bowel.”**'*

Capsule endoscopy seems to be very
useful in evaluating already established in-
flammatory bowel disease. It can result in
alteration of the management of patients
whose small bowel is examined by VCE,*?
and reclassification of IBD from UC/IC to
definitive CD. In a study by Cohen et al., 28
patients underwent capsule endoscopy for
the evaluation of IBD and in 71 % had their
disease reclassified to CD, based upon newly
diagnosed small-bowel mucosal lesions de-
tected by CE, 62 % patients with established
CD were found to have more extensive small
bowel disease, with newly diagnosed jejunal
disease found in 12 of 13 (92 %) patients.'
Significant modification in the therapeu-
tic management of CD patients as a result
of VCE examination of small-bowel muco-
sa has been described by other authors as
well."

Probably, the only real contraindication
for CE is known or suspected GI obstructi-
on, strictures or fistulas. The procedure may
be contraindicated in patients with swal-
lowing difficulties, however, in these patients
the capsule can be delivered endoscopically,
usually under general anesthesia, thus ma-
king the whole procedure invasive.”'* Many
children under 10 years of age are unable to
swallow the large capsule. For these children
a special device can be used to place the cap-
sule into the proximal duodenum. Deplo-
yment of the capsule during standard upper
endoscopy can be facilitated using real-time
viewer connected to the capsule data recor-
der. This has been shown to significantly im-
prove visualization of capsule placement in
pediatric population.'® Use of the real-time
viewer during capsule endoscopy procedure
can also be practical to detect the position
of the capsule after ingestion (usually after
one hour), and to verify that the capsule has
successfully passed into the duodenum. This
is particularly useful in patients with slow
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passage of bowel contents; patient may be
advised to change to lateral side position, to
walk around, or a prokinetic drug may be
administered at this point.

According to the manufacturer, VCE
is contraindicated in patients with cardiac
pacemakers and implantable cardioverter
defibrillators. Recent studies have demon-
strated that CE is increasingly applied in
such patients, and seems to be safe; althou-
gh some interference can occur between CE
and ECG-telemetry leading to loss of images
or an impaired quality of the CE video.'>?°
However, this may not present a large issue
in pediatric population dealing with patients
who usually do not have many concomitant
diseases.

Technical limitations of the procedure
are that CE cannot be used to obtain biop-
sy specimens or for endoscopic treatment
and it cannot be controlled remotely.'> CE
has also some clinical limitations, such as
problems in sizing and exact locating small-
-bowel lesions.®

Studies that have evaluated the value of
CE in patients with typical symptoms of
Crohn’s disease showed diagnostic yields as
high as 70 %.>"** CE has a higher sensitivity
for assessing small-bowel mucosal lesions
compared to other imaging techniques. The
working group on capsule endoscopy in the
setting of suspected Crohns disease agre-
ed that capsule endoscopy is superior to all
other methods in identifying subtle mucosal
inflammatory changes, ulcers, or erosions in
the small bowel.”* Usefulness of CE in pedi-
atric setting was first evaluated in a study by
SantAnna et al; their study compared dia-
gnostic yield of capsule endoscopy with tra-
ditional endoscopic and radiologic testing
for obscure small-bowel disease in children,
and it showed superiority of capsule endos-
copy compared to other modalities.** Also,
a large meta-analysis of the yield of capsu-
le endoscopy compared to other diagnostic
modalities in patients with non-stricturing
small-bowel Crohn’s disease performed
by Triester and his co-workers suggests
that capsule endoscopy is more diagnostic
than small-bowel follow-through (SBFT),
CT enterography or classic ileoscopy.”® An
analysis of four prospective comparative
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studies, including a total of 115 adult pati-
ents, showed a diagnostic yield of 61% for
CE compared to 46 % for ileo-colonoscopy
in the detection of small bowel Crohn’s dise-
ase.”® CE was also able to identify the extent
of disease proximal to the terminal ileum.”’
Another comparison of diagnostic yield of
CE to SBFT showed that capsule endoscopy
is diagnostic for detecting lesions within the
small bowel in 45 % as opposed to SBFT whi-
ch was diagnostic only in 20 %; furthermo-
re, 65 % of patients with normal SBFT had
suspected or diagnostic findings on CE.*®
Other authors reported similar superiori-
ty in the performance of VCE compared to
other modalities in its ability to detect early
small-bowel mucosal changes.?” The superi-
ority of capsule endoscopy was also shown
in comparison with computed tomographic
enterography (CTE) in adult patients. The
yield for CE was 75% in comparison with
37% for CTE. This suggests that mucosal
abnormalities possibly representing early
Crohn’s disease exist below the resolution
of CTE.**** A study that compared the di-
agnostic yield of small-bowel magnetic re-
sonance imaging (MRI) with capsule endos-
copy showed 60 % of diagnostic yield for CE
and only 40 % for MRI.* Literature suggests
that other imaging techniques, particularly
CT and MRI enterographies, are comple-
mentary techniques in the evaluation of the
small bowel in IBD. The VCE provides bet-
ter visualization of smaller mucosal changes
not visible on MRI or CT, whereas CT and
MRI offer better assessment of the intesti-
nal wall, masses that do not have a mucosal
component, and additional information on
extraintestinal involvement.***°

A scoring system has been proposed for
assessing the activity of Crohn’s disease. The
small bowel is divided into tertiles, and three
parameters are assessed in each tertile: villo-
us oedema, ulcer and stenosis. A total sco-
re <135 is designated as normal or clinically
insignificant mucosal inflammatory change,
a score between 135 and 790 is mild, and a
score > 790 is moderate to severe.*® Recen-
tly, some studies have suggested that Lewis
score may be a valuable diagnostic tool in
the setting of suspected Crohns disease.’”
It has been suggested to have a positive cor-

relation with biomarkers of the disease and
that it objectively characterizes small bowel
involvement in CD.?® So far, it has been used
mostly for academic purposes; larger clini-
cal trials to evaluate its appropriateness and
clinical correlation have to be performed in
the future to further validate its use.

Nevertheless, it is important to realize
that mucosal breaks seen on CE may be due
to conditions other than Crohn’s disease,
and may be seen in a subgroup of normal
individuals as well.** Up to 23 % of normal
healthy asymptomatic individuals may have
variously defined mucosal breaks and other
lesions on CE.>>*°

A normal small-bowel series does not
exclude the presence of small-bowel strictu-
res and thus does not protect the patient from
having capsule retention.*' The retention of
the device is the main complication of the
procedure and is defined when CE remains
in the digestive tract for a minimum of 2 we-
eks. Capsule removal may require medical,
endoscopic or surgical intervention. Causes
of capsule retention include use of non-ste-
roidal anti-inflammatory drugs, Crohn’s di-
sease, small-bowel tumors or larger polyps,
anatomic malformations, and surgical ana-
stomotic strictures.>>*! The risk for VCE re-
tention varies, depending mostly on the cli-
nical indication for CE, and ranges from o %
in healthy subjects, to 1.5 % in patients with
obscure gastrointestinal bleeding, and is
estimated as 4 % to 13 % in patients with su-
spected Crohn’s disease.”**** To determine
whether the patient is at risk for retention,
a patency capsule system has been develo-
ped. It is a simple and convenient accessory
that is intended to verify functional patency
of the small bowel with known or suspec-
ted strictures prior to administration of the
capsule for CE. The patency capsule is a self-
-disintegrating capsule of the same size as
the capsule for CE, with lactose filled body
and a small radio frequent ID (RFID) tag
(12 x 2 mm). It starts disintegrating approxi-
mately 30 hours after ingestion, if it is not
excreted before that. The capsule remnants
can pass through even small orifices.” The
patency of small bowel is confirmed if the
patency capsule is excreted within 30 hours
of ingestion or if it is excreted intact at any
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time after ingestion. It can be detected using
a special handheld patency scanner; the pa-
tency capsule is also radiopaque and can be
detected on a plain radiograph. It has been
shown that the patency capsule can be safely
used in pediatric population.® In cases when
the patency cannot be confirmed with such
as patency system, one of the other available
imaging modalities is advocated to exclude
possible stenoses or strictures of the small
bowel, e.g. MRI and CT enterography, or
barium follow-through.

Two factors that impair the diagnostic yi-
eld of VCE are: firstly, the presence of food
residue, air bubbles and intraluminal fluid,
and secondly, the failure of capsule to visu-
alize the entire small bowel due to delayed
gastric or small bowel transit times.” It has
been described that the capsule does not
reach the caecum in approximately 20 % of
patients within the recording time period of
8 hours.** There has been a lot of discussi-
on on whether or not the patients have to be
prepped before capsule endoscopy. There is
still no clear consensus on this issue, as it is
unclear what would be the optimal timing
for prep procedure. The capsule manufac-
turer recommends fluid diet from lunch on
the day before, and fasting 10 hours prior to
the examination. Findings of some studi-
es support this as adequate preparation for
CE, and it is generally better tolerated by
patients.*>*® Nandi, on the other hand, has
shown that in about 30 % of time this clas-
sic small-bowel prepping is inadequate.’.
Furthermore, studies have shown that pre-
pping the patients for capsule endoscopy
with purgatives warrants better visualizati-
on of the small bowel and improves the dia-
gnostic yield of the examination, whereas it
does not influence passage times and com-
pletion rates of the capsule.”*®** Polyethyle-
ne glycol has been mostly used for prepping.
In addition, it has been demonstrated that
the administration of simeticone in order
to reduce air bubbles improves visibility of
the mucosa of at least the proximal part of
the small bowel during VCE recording.>’
Use of prokinetics has been shown to affect
transit time in some CE studies. No consi-
stent clinical benefit has been demonstra-
ted, though.>' Some authors describe that
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chewing gum might affect the small bowel
transit time,**> whereas others have shown
that chewing does not significantly reduce
gastric and small-bowel transit times and
caecal completion rate.**

Single center experience

At the Clinical Department of Gastroen-
terology, Hepatology and Nutrition of the
University Childrens Hospital Ljubljana,
Slovenia, capsule endoscopy has been used
in pediatric patients since 2006. From Octo-
ber 2006 to April 2013, VCE was performed
in 112 pediatric patients (62 &, 50 9), with
mean age 12.9 years (the youngest patient
was 2 years of age). The capsule had to be
positioned endoscopically under general
anesthesia in 11 patients. All patients had
upper and lower GI endoscopy before the
procedure, and up until mid 2009, most of
them also had SB follow-through prior to
VCE study to minimize the possibility of
capsule retention due to possible stenosis.
From June 2009, a patency capsule system
became available at our unit and was used to
confirm patency of the small bowel, without
unnecessarily exposing patients to radiation.
Since then, we have used the patency capsu-
le in 47 patients, and small-bowel patency
was confirmed in 44. The remaining 3 had
subsequently been shown to have a small-
-bowel stenosis on SBFT (all due to Crohn’s
disease) and were not appropriate candida-
tes for capsule endoscopy. All patients rece-
ive simeticone upon ingestion of the capsu-
le, and lately we prep all our patients using
polyethylene glycol prior to the procedure.
We have noticed greatly improved visuali-
zation since the patients are better prepped;
also the completion rate has improved. VCE
was performed in 57 patients with establis-
hed CD (50.9 %), 16 patients with previously
diagnosed IC (14.3 %), and 14 patients with
suspected IBD (12.5%). Other indications
for capsule endoscopy were: unexplained
bleeding (12 patients), ulcerative colitis with
severe clinical course (4 patients), Peutz-Je-
ghers syndrome (4 patients), other polyposis
syndromes, unexplained entheropathy and
hereditary intestinal lymphangiectasia — 1
patient each). In 63 patients VCE confirmed
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SB mucosal lesions; total diagnostic yield
was 56 %. In 15 patients the VCE findings re-
sulted in reclassification of the disease; 7 pa-
tients initially diagnosed as IC were reclassi-
fied to CD, and 4 patients had their diagnosis
of IC reclassified to UC upon negative result
of the VCE. In 3 patients suspected of having
IBD, the disease was confirmed as CD ba-
sed on the new SB mucosal changes seen on
VCE. The procedure was generally well to-
lerated in most of our patients.’*">* Compli-
cations occurred in 3 patients: one retention
due to stricturing Crohn’s disease that was
misdiagnosed as non-stricturing upon pri-
or small-bowel follow-through (the patient
remained asymptomatic for 5 months of re-
tention which resolved spontaneously upon
disease remission), and two failures to posi-
tion the capsule endoscopically (the patients
were too small). No other adverse effects,
such as abdominal pain or discomfort were
reported. The costs for pediatric capsule en-
doscopy in Slovenia are paid by the national
health insurance company.

Conclusions

Video capsule endoscopy is a reliable,
non-invasive method for endoscopic visua-
lization of the small-bowel mucosa in pedi-
atric patients with inflammatory bowel di-
sease, particularly with Crohn’s disease. It is
mostly used to evaluate the extent of disease
within the small bowel; it may also help in
reclassification of IBD from indeterminate
colitis to either Crohn’s disease or ulcerative
colitis. In addition, previously diagnosed pa-
tients with CD may be found to have a more
significant burden of SB disease. It is perfor-
med safely and has good diagnostic yield,
comparable to that in adult VCE series and
studies using different diagnostic modaliti-
es, as reported in the literature. It is the only
imaging method that can provide direct vi-
sualization of the entire small-bowel muco-
sa that is friendly to the patient, noninvasive
and effective.
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