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It is a great privilege and a real pleasure for me to have been invited to write the foreword fogtheg?nd, edition
of Atlas of Capsule endoscopy published by my prestigious friends Juan Manuel Herrerias and Migye sgfrenhas-
{

i
Saraiva. It has been my good fortune to have known these two distinguished physicians for many years ave seen
them grow as respected clinicians and educators in the field of gastroenterology.

Until a few years ago, the small bowel was an organ which was very difficult to @ ith the available
endoscopic, radiological and nuclear medicine techniques. In routine practice only the lasffeWagentifmeters of the ileum
were accessible to retrograde visualization by ileocolonoscopy. Explorations from the p Nde by push, sonde or
intraoperative enteroscopy were invasive procedures that do not always allow us to ¥isualizg the lesions in the small
bowel. Sonde enteroscopy had been abandoned in the 90’s because it was a tedious lorgtion (long duration of the
procedure) and it had several technical limitations. Push enteroscopy is limited by the insertion of the scope and

it is poorly tolerated. Intraoperative enteroscopy is the most effective of these tec ut is the most invasive with an
important percentage of adverse side effects.

I witnessed Dr. Paul Swain first presenting the use of the wireles
Disease Week in San Diego, during the Plenary Session of the America
was a tremendously enthusiastic response. Comparisons were made tQ_t
body’s inner spaces in the science fiction movie “Fantastic Voyage”

Capsule endoscopy was launched at the beginning of
impact on managing obscure gastrointestinal bleeding an
endoscope was developed by Given Imaging (Yogneam, Isr
in the United States by the Food and Drug Administrationg

is millefnhium and since then has had a very important
many other small bowel diseases. The initial capsule
pproved in Europe by the European Agency and

With Wireless capsule endoscopy (CE) we can p a simple, safe, non invasive, reliable, procedure, well
accepted and tolerated by the patient, which has pluzioned the study of the small bowel. This technique evaluates
endoscopically, with high resolution images, wh: cen called “the last frontier” of endoscopy, the small bowel,
avoiding any sedation, surgery or radiation?

ge examination, after negative gastroscopy and colonoscopy in
o many studies have established, with a growing body of evidence,
that this technique is cost-effective in otfjer
in patients in which other methods failto the diagnosis, non steroidal anti-inflammatory drug enteropaties, celiac
disease, small bowel polyposis syfdr and small bowel tumors. Other possible indications are HIV patients with
gastrointestinal symptoms, malalgsorti yndromes other than celiac disease, Henoch-Schonlein purpura, patients
with small bowel transplants xintestinal graft versus host disease, particularly in monitoring the response to
immunosuppressive therap

The acquired ghowledg&of the wide range of lesions that can be found in the small bowel, encouraged the
implementation of so iggnostic and therapeutic techniques, such as double balloon enteroscopy, MRI-enteroclysis
and CT-enteroclysi

onfralfidication of performing the CE is the suspicion or knowledge of an obstruction in the Gl tract.

The %r tention is the main complication of the procedure and is defined when CE remains in the digestive
tract for inimurg of 2 weeks. The frequency of this problem varies, depending mostly on the clinical indication for CE,

and ran % in healthy subjects, to 1.5 % in patients with obscure Gl bleeding, to 5% in patients with suspected
Crohp'’s dise@se and to 21% in patients with intestinal obstruction.

t present CE has some technical limitations, it can not be used to obtain biopsy specimens or for endoscopic
t enl and it can not be controlled remotely. CE has also some clinical limitations which are the problem in sizing and
loca small bowel lesions, a possible false-negative CE result, due to the fact that the global miss rate is about 11%,
ranging from 0.5% for ulcerative lesions to 18.9% for neoplastic disease and the fact that some times we can get findings
of uncertain relevance in healthy subjects. Other drawback is that in almost 20% of procedures the capsule does not
reach the cecum while it is active.



This technique is available in over 5000 gastrointestinal centers throughout the world.

Since its arrival, more than 650,000 capsules have been swallowed worldwide and more than 10 eer-reviewed
publications have appeared in medical literature. The most important Gl societies have publishe es about its
use.

In latter years, breakthrough developments in CE technology have enabled the dirgct ation of the upper
and lower segments of the gut using specifically designed capsules.

This updated second edition of the atlas is much improved compared t @on; many new chapters,

o the
authors and technological advances have been added. :
The editors have chosen the authors of each chapter very well, from eight nt countries, with a mixture of

established leaders and rising younger colleagues who represent the next eratign staking its claim to this rapidly
evolving field of the gastrointestinal endoscopy.

The images are well chosen most of them of high quality and roduced, raising the exceptionally high
quality of the first edition. %

The atlas is divided into six parts. The first part consi
technique. The second part deals with its usefulness for the s

ts of chapters and covers general aspects of the
the esophagus, the third shows the possibilities that
can see in the stomach when we are performing
and deals with the multiple applications that this

an exploration with the capsule. The fourth consists of
technique has in the small intestine, including motility d with the alternative techniques for enteroscopy. The
fifth part deals with capsule colonoscopy and the possibi performing pan-endoscopy with the colon capsule, the
sixth part discusses the utility of capsule endoscopysimgpediatric patients, in patients with abdominal pain and finally the
future developments of capsule endoscopy

| believe that this atlas has much to offer t& indi
students to even the most seasoned clinic

authors for their excellent contributions tafthis a

als at all levels of involvement in the field of gastroenterology, from
inally, I want to congratulate not only the publishers but also the

Miguel Mufioz-Navas MD, PhD
Director Gastroenterology Dg
University of Navarra Clinic
School of Medicine. Uniyersity of Navarra. Pamplona. Spain.
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CHAPTER 1.2 - 1cCHNOLOGY OF CAPSULE ENDOSCOPY

Description of the different capsule endoscopes

auTtHoRs Rolando Pinho, Miguel Mascarenhas Saraiva

INTRODUCTION

Gastrointestinal endoscopy is the mainstay of diagnosis
and therapy in Gastroenterology. A major shiftin the paradigm of
gastroenterological practice occurred with the implementation
of capsule endoscopy (CE).

The CE system consists of: 1 — the capsule containing
a video camera; 2 — a sensor system comprising an array of
sensors and a data recorder (Figure 1) wearable as a belt; 3 —
a workstation consisting of a modified commercially available
desktop computer.

COMMERCIALLY AVAILABLE CAPSULE
ENDOSCOPES
Given Imaging

Given Imaging Ltd (Israel) first delive‘é
capsule endoscopy in 2001. The developmen

CE was dependent on the development ofgse | main
components, namely: 1 — an inexpensive, dOw goowel, very
small image sensor — the CMOS (complemen al oxide
semiconductor); 2 — application-speci i rated circuit
(ASIC) chips, which are integrated citc customized for a

particular use (in this case, running a C than intended
for general-purpose use; 3 - miniat Ight-emitting diode
(LED) light sources (Figure 2)".

Today, capsule endog€opy devices from Given Imaging
include the PillCam SB for intestine and the PillCam
ESO for esophageal ima e 3), and Pillcam Colon for
the large bowel (Figure 4)!

Other CE sy 5

- Oly W) has produced the EndoCapsule for
the small % e 5)2;
(

ro Korea) developed the MiroCam for small-
bowel afion using electric-field propagation for data
transmissi igure 6)3;

- Chongging Jinshan Science and Technology Group
(China) created the OMOM small-bowel capsule (Figure 7)*.

TECHNOLOGY BEHIND CAPSULE
ENDOSCOPY SY

| apsule contains batteries, an ASIC
iIhtenna and a set of LEDs coupled to a camera,
in a biocompatible plastic shell (Figure 8).
aptured by CCD or CMOS imagers®. These are 2
diffe ecfinologies for digital acquisition of images.

CMOS technology is most suitable for miniature devices
ayge of its high integration capability and low-power
mption. CCD imagers have usually higher image depth
t are bulkier. CMOS use less power than CCDs, making them
tractive for miniature devices. Both imagers use pixilated
metal oxide semiconductors. They accumulate a signal charge
in each pixel, proportional to the local illumination intensity. Each
technology has both advantages and disadvantages. CMOS
requires less power and provides the capability of adding all
of the electronic circuitry into a single microchip'. Using newer
ASIC imager chips, and with special power management
algorithms, CMOS-based capsules can generate higher frame
rates, have a longer duration, and use multiple head capsules.
On the other hand, CCD-based capsules produce a higher
signal to noise ratio and can give good quality images with a
less uniform illumination’. On the downside, they have higher
power and space requirements. Ultimately, both technologies
have been capable of producing good quality images in the
different CE systems already available.

Capsules are provided ready for ingestion in a
hermetically sealed case (Figure 8). A magnet in the casing
keeps a magnetic switch open that turn the capsule inactive.
Once the capsule is removed from the casing, the switch is
closed and the capsule becomes active and starts capturing
images.

The capsule is then ingested and captures images
as it travels along the Gl tract. The dome of the capsule is
designed to capture images trough the fluid within the small
bowel. Most capsules acquire images at variable fixed rates:
2 fps for SB2, 4 fps for SB2.4, 2 fps for Endocapsule, 3 fps
for MiroCam and 14 fps for Pillcam ESO. Some capsules have
variable frame rates: The OMOM capsule can be controlled
externally to 0.5 fps, 1 fps or 2 fps and the Pillcam Colon 2
has an automatically adaptive frame rate between 4 and
35 fps'®.



Lenght (mm)
Diameter (mm)
Weight (g)
Frame rate (fps)
Image Sensor
Angle of View
Illlumination
Real —time view

Battery life (h)

Pillcam SB2 MiroCam
26 24
11 11
3.4 3.4
2 (4 for SB2.4) 3
CMOS CMOS
156° 150°
6 LEDs 6 LEDs
Yes Yes
8 11

CHAPTER 1.2

EndoCapsule

D

140°

D
6 6 LEDs

Vs Yes
O 9 7-9

Table 1: Comparison of the main technical specifications of the c&psules used for small bowel studies.

Figure
camera; 2)
recorder (Given®).

system consists of: 1) the capsule containing a video
nsor system comprising an array of sensors and a data

Figure 2: Simplified diagram of the capsule’s main components.
Esophageal and colon capsules from Given have double optical domes

OPTICAL

DOME LENS CMOS

HOLDER | gNs IMAGER

BATTERY
ILLUMINATING

LED’S

ASIC
TRANSMITTER

and lenses.



Figure 9: Sensor belt (Given®).

Figure 11: The new Sensor Belt for the

CHAPTER 1.2

wpaw\“ ’

9
S
>

Figure 13: The GIVEN workstation.

Figure 12: The OMOM capsule’s sensor vest.
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CHAPTER 1.3 - 1ECHNOLOGY OF CAPSULE ENDOSCOPY
Patient’s preparation for capsule endoscopy

INTRODUCTION

The capsule endoscopy (CE) is a diagnostic technique
by image that requires careful preparation to eliminate any
remains in the intestine and is safe and well tolerated by
the patient. Nowadays there are three different types of
capsule endoscopy: SB capsule for the study of the small
bowel, oesophageal capsule and colon capsule. We will try
to determine which preparation could be the best to obtain
adequate images.

ESOPHAGEAL CAPSULE ENDOSCOPY
PREPARATION

To explore the oesophagus 2 hours fasting before the
capsule intake is enough (Figures 1, 2), or 12 hours to be able
to visualize the gastric chamber (Figures 3, 4). Ther
need for any other preparation.

SMALL BOWEL CAPSULE ENDO Oi

PREPARATION (Figures 5-9)

The exploration of the smalf b SB) with
Capsuloendoscopy normally faces tw roblems: gastric
emptying time and intestinal transit tim s*Well as bubbles,
of%the small bowel'.
using capsules of
baining intestinal images
up to the cecum. To solve t@€ sgcond problem many studies
with different types of pre n @nd guidelines have been
carried out in order to g ualization of the bowel and
accelerate the intestinal tr ime and therefore the results
of the procedure. Si sults are contradictory due to

the diversity of met% s used, different combinations of
agents, intaking timetabl&vand heterogenity in the scales used
to evaluate tl WCleanliness in many studies, it is not
possible to rea n-agreement on which should be the ideal
protocol fofntestimal preparation prior to a CE. To obtain the
best vi f the small intestine, many studies have tried
prokingligs, laXatives and anti-flatulent agents. The prokinetics
can impro e visualization of the intestinal mucosa because
it prevents gastric retention, and it accelerates the intestinal
transittime. Soithas been observed that domperidone improves
the gastric emptying of the capsule?. With metoclopramide the

results vary a great deal; Selby et al® observed that 10 mg 15
minutes before the intake of the capsule improves the gastric

14

auTHORSs Josefa M? Garcia-Montes, Federico Arguelles-Arias, Belén Maldonado-Pérez,
Francisco Pellicer-Bautista, Juan Manuel Herrerias

%
O

emptying of the capsule ough other authors* did not get the

same result. Still,m lopramide is useful in patients with along
intestinal trangit, for instance people in bed or with Diabetes.

It is well erythromycin accelerates the gastric
emptying eYother authors® 6, have studied its prokinetic
effect on ith very little result because, although the
cap reaCHes the bowel sooner, this prokinetic has little
acti the intestinal motility and does not guarantee that it

will be Ible to record up to the cecum. The simethicone,
0Q mg 20 minutes before exploration, reduces air bubbles
inproves the visibility”®.

Numerous studies have been carried out using laxatives

remove any remains of the intestinal content, to increase the

quality of the image of the data obtained with the CE and to
accelerate the intestinal transit time.

Polyethylene Glycol (PEG) is a high molecular weight
polymer not absorbable in an electrolytic solution that does not
go through the colonic membrane. PEG preparation has shown
controversial results; some authors have observed a better
visualization of the small bowel while other studies have stated
that there is no significant difference with clear liquid diet.
Viazis et cols®, in a prospective study with 80 patients, used 2
litres of PEG instead of a clear liquid diet 24 hours before the
capsule intake, and they noticed that with this PEG preparation
there was a better intestinal visualization and consequently of
the test carried out in these patients, although it did not modify
the intestinal transit time or gastric emptying. Dai et al™® tried
with the intake of 4 litres of PEG instead of 12 hours fasting,
and they established its clinical benefit and confirmed that this
quantity of PEG significantly improves the visualization of the
bowel. They also concluded that the yield of this test increases
with this preparation as it shortens the intestinal transit time.
Later another study matched up with these results regarding
the improvement of the image although the yield of the CE with
PEG was not studied'’. On the other hand, other authors'? ',
doubt that this intestinal preparation with PEG might be useful,
as they found neither any improvement of the endoscopic image
nor a higher diagnostic yield. More recently, Spada et cols.™
have published the results obtained in a group of patients with
a preparation of 2 litres of PEG and 160 mg of simethicone 16
hours prior to the test compared to another group that only
did a clear liquid diet. They concluded that the preparation
with laxatives and simethicone does not improve the quality
of the image nor the diagnostic yield as it neither modifies the
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new cleanliness grading scale showed good inter-observer
agreement and may be used with the PillCam COLON capsule
to assess preparation quality. It also includes the bubbles
effect in the preparation: significant (more than 10% of surface
area is obscured by bubbles) or insignificant (less than 10% of
surface area is obscured by bubbles).

STANDARD PREPARATION

The classic preparation is considered nowadays
the best one to develop the CCE. This procedure regime is
described in table 1. This conventional preparation was first
evaluated in two pilot studies. In the Eliakim et al** study the
overall cleanliness of the colon was rated as excellent or good
in 84,4% of the cases. In the second pilot study® the results
are better; an excellent or good preparation was achieved
in 90% of the cases. In the largest study, the Van Gossum et
al study?, the preparation was good or excellent in 72% of
the patients. In a recent study published by our group with
the same preparation, the grade of cleanliness was good or
excellent in 65,6%2".

Alsothe propulsion of the CCE was evaluated comparing
two regimes: a single oral booster dose of sodium phosphate in
the first group and in the second one adding a second booster
4 hours after the first dose. In the second group the excretion
rate at 10 hours post-ingestion was 78% versus 70% in the first
group. Based on these results it has been established that
second booster must be added to the preparation. In a recent
study?® the exclusion of NaP booster from CCE preparation

resulted in a clinically meaningful reduction of the ¢ %

excretion rate that was only partially compensated by t
booster. This second booster should be adminis?'e
after the first booster (and this must be administe

CCE is out of the stomach). Itis administered to edu
delay in the proximal colon and enhance cagsulé’ pr
through the entire colon.

It appears, as it has been m ned, that colon
cleanliness significantly influences thN ity of capsule
endoscopy. In the largest study thegensigivityywas significantly

higher in patients with good or exég panliness compared
to those with poor or fair cleanlineggf’ The sensitivity and

specificity for the detection @F palyps (=6 mm) in patients with
good or excellent cleanlin s 78% and 84%, respectively,
and for the detection of s in patients with poor or fair

cleanliness, the sensitivity pecificity were 42% and 84 %,

respectively.

In an the%rz9 a new regime of preparation
consisting of, ngme of PEG administration and a
30 ml dose o [ phosphate (NaP) was studied. Four
sennatab low-residual stools diet were also included.
CCE tio te, colon cleansing, and accuracy were
asses t WCE, bowel preparation was rated as good in
78% of p s, fair in 20% and poor in 2%. CCE excretion
rate occurred in 83% of patients. They conclude that the
combination of a split-dose of PEG solution with a low dose
of NaP boosters resulted in high rates of adequate cleansing
level and CCE excretion. In a study recently published® the
findings of a single centre study comparing the performance
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are reported. For colon cleansing they used their department’s
standard preparation procedure for colonoscopy including low-
fibre diet and PEG and added an oral motility agent, Phospho
Soda-boosters and a suppository. Level of cleansi
was good in 15 cases (27%), moderate in 3

in 11 (20%). 34 patients (61%) were repogted the same
cleansing level in both kind of colono s. Mevertheless,
they found a lower excretion rate for o, N = 36) than

in the two previous pilot studies.
additional lapse of time of almost 4
of the second 2 litres of PEG g
studies have shown enhan
capsule through PEG.

e caused by an
rs between ingestion
ation of CCE, as motility
)nic propulsion of the

The developmefit of t
has been an impor

new Colon Capsule type 2
ce because it offers intelligent
functionality, supgrior iMaging and a convenient workflow.
Smart technology blg€ it to adjust the frame rate in real

time to maxigize colon tissue coverage, and the imaging
devices on 'Wf the capsule provide a 180° view of the
ved study process simplifies the procedure

% gement, allowing for more efficient utilization
and resources. To this new Colon Capsule a new
pre nhas been reported (Table 2).

REPARATION WITH 4 L PEG VERSUS
EG

Polyethylene glycol (PEG) solutions are safe and
effective, but require consumption of large volumes of fluid,
generally 4 liters. The 2 L PEG solution plus ascorbic acid
(PEG + Asc) is also effective, safety and the volume is reduced.
Some authors have studied these points. The Ell et al®' study
concluded that the PEG + Asc bowel preparation reduces the
volume patients have to drink so it was better accepted by
patients, and should, therefore, improve effectiveness in routine
practice. In another study PEG + Asc provided effective bowel
cleansing, which was equivalent to that of sodium picosulphate
+ magnesium citrate in terms of grading cleansing as overall
success or failure®. Nevertheless, it is important to consider
the split dose. In this sense the cleansing results are worse if
patients receive the full dose PEG + Asc the evening before
the procedure compared to the split dose®.

Based on this data, we have developed a study that
demonstrated the efficacy of 2 L PEG. The main aim was to
compare the level of cleansing with two different regimens. The
secondary aims were to study the presence of bubbles in the
colon and also the rate of completed explorations (including
observation of haemorrhoidal plexus).

It was a prospective and blinded study. In the first group
(A) patients were prepared with 2 liters PEG plus ascorbic acid
and in a second group (B) PEG 4 litters. The grade of cleansing
was measured using the Leighton scale® recently published,
and they were classified in “excelent-good” and “fair-poor”. In
group A 13 patients were included (5 males and 8 females)
with an average age of 52 + 19 and in group B 11 patients (7
males and 4 females) with an average age of 54.44 + 10. No
statistical differences in age and sex were observed between
the two groups.
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CHAPTER 1.3

Clear liquid diet only @
Day (1)
18:00-21:00 2 L PEG ;

6:00-7:00 2L PEG

7:45 Domperidone (20 mg)

8:00 PillCam Ingestion* O
Exam Day 10:00 45 ml NaP + 1 L water \

14:00 30 ml NaP + 1 L water < )
15:00 snack (optional)
16:30 suppository (10 mg acod

* 10 mg Metoclopramide or 20 mg Domperidone tablet if cap delayed in the
stomach > 1 hour.
Table 1: Standard preparatiol

Day -2 enosides

All Day Clear Liquid Diet
Day -1

Evening 2LPEG

Morning 2L PEG

~10a Capsule Ingestion*

1st Bo

. 30 ml NaP & 1 L water

Exam Day "n 0 ection

15 ml NaP & 0.5 L water
3 fter 1st Boost

it
uppesitory 10 mg Bisacodyl

after 2nd Boost
*10 mg Met%ie or 20 mg Domperidone tablet if capsule delayed in the
stomach &

Q Table 2: Colon Capsule 2 preparation.

15,38% EXCELLENT 16,36% p=ns
53,84% GOOD 36,36% p=ns
27,68% FAIR 43,63% p=ns
3,08% POOR 3,64% p=ns

% Excellent + good 69,22% Excellent + good 52,72% p=ns

Table 3: Results.
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PillCam®SB

Figure 1: Bubbles in esophagus.

PillCam®COLON

PillCam®COLON

Figure 3: Good preparatio 3 7 . Figure 4: The same patient. Good preparation.

Q

PillCam®SB

PillCam®SB

Figure 5: Adequate image of Small Bowel. Figure 6: Bubbles in Small Bowel.
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PillCam™

Figure 10D: Colonic capsule endoscopy cleansing score system: re 11: Good preparation.
EXCELLENT.

Figure 12: Good prep% Figure 13: Good preparation.

PillCam®COLON PillCam®COLON 1

Figure 14: Good preparation. Hemorrhoids. Figure 15: Small liquid amounts in colon.
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CHAPTER 1.4 - 15CHNOLOGY OF CAPSULE ENDOSCOPY

The procedure of capsule endoscopy

AuTHOR Miguel Mascarenhas Saraiva

INTRODUCTION

In order to get a satisfactory examination, the
procedure of capsule endoscopy must obey to certain rules,
concerning correct preparation, administration, monitoring
and downloading.

UNDERGOING A CAPSULE ENTEROSCOPY
(CE)
Patient Preparation

The CE is completely different from the standard
endoscopy that allows the endoscopist to remove all the
residual material to improve the image. In most CE studies, the
image quality in the proximal small bowel is much superior t
that in the distal ileum, due to residual material.

There are discrepancies about the ideal prep
for capsule endoscopy. In our practice, we kee
fasting (NPO) for 12 hours, after a liquid diet for 8 réjr
studies suggest the usefulness of bowel prepara
solutions? or sodium phosphate® 4. Others congud

study nor in image quality over the 12-hffasti riod®
Chapter 1.3. x

At least one day before thg
should give the patient instruction ndergoing capsule
Endoscopy and should verify that the lent understands the

instructions. Care must be difected to be sure that the patient
is not taking iron medicat uri/g the 3 days before the
procedure. See Chap 1.

Dependin

on, the physician

stem that is going to be used,
males should be inStgc to shave their abdomen 15 cm
above and bellow the navel on the day of the test and all

patients toéye loose fitting clothing.
% f the capsule
W e patient comes to the office, we proceed to

system initialization.

An array of sensors is attached to the abdominal
wall, and a belt holding a recorder with a battery is fastened

26

around the waist. Care t be taken for correct placement of
sensors, accordin hegihstructions of each system (Figures
1 - 4), becausg the localization system depends on a correct
placement. Wem of sensors has been developed by

sorBelt - is a comfortable belt worn around
st over clothing. It employs easy-fasten straps
ment and removal. The sensors incorporated
with b@lt eliminate the need for messy and inconvenient
sensor es (Figure 5). For esophageal studies, a different

rray of sensors is used, that uses three antennas that are
ched to specific positions. (See Chapter 2.1).

After being sure that an overnight fast of 12 h was
spected, patients are asked to ingest the capsule with plenty
of water mixed with simeticone to eliminate small bubbles in
the gastrointestinal tract (Figure 6). Simeticone administration
before or during capsule endoscopy improves the visualization
of the mucosa in the proximal small intestine. Some studies
assess the effectiveness of simeticone in reducing bowel
gas bubbles in patients undergoing capsule endoscopy.
The conclusions are that the visibility of the mucosa in the
proximal small bowel in patients who received preparation with
simeticone was considered to be better, with fewer intraluminal
bubbles, than in those without bowel preparation. No adverse
effects of simeticone were observed® .

In order to get the best viewing of the esophagus, a
different protocol of ingestion is recommended. (See Chapter
2.1).

Battery life of the capsule is 8 +/- 1 hour for Given, more
for Olympus or MiroCam (12 h). This time frame is generally
sufficient to image the entire small bowelé. But, in patients with
delayed gastric emptying or bowel motility dysfunction related to
neuropathic conditions (ex, diabetic), inflammatory conditions
or medication use, may be too short. Because in certain cases
progression of the capsule is very slow, several investigators
overcome this problem by giving prokinetic drugs to patients,
like erythromycin®, or metoclopramide'™. However, increasing
too much the speed of progression may be the cause of poor
visualization and important lesions may be overlooked. When
needed (symptoms suggestive of gastroparesia or in some
underlying conditions, such as diabetic or undernourished
patients), we use, with success, domperidone, a drug that
improves antro-duodenal coordination, but does not cause
increased small bowel motility ™.



CHAPTER 1.4

Figure 1: The Given Diagnostic system. a) — Sensor Array for small bow udies. b) Sensor array for oesophageal studies. c) Data Recorder. d)
PillCam SB (for small bowel study). e) PillCam ESO (for oesop udy).

Figure 2: Placing the abdominal sensors for a capsule enteroscopy with the PillCam SB. Patient prepared for the recording.
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CHAPTER 1.4

Figure 10: Endoscopic capsule (MiroCam) delivery using the AdvanCE device. The capsule can b&gdeliverag to the stomach or to the duodenum, as
is exemplified in this case.

Figure 11: The PillCa prgs capsule delivering device, developed by Given Imaging.

Figure 12: Real-time monitor for capsule endoscopy (Olympus).
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Figure 14: The new data recorder from Given®, has the possibity of direct real time viewing, from the incorporated LCD monitor. It’s use is essencial
for studies done with the PillCam Colon2 capsule.
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Figure 15: In this case, real time monitoring detected permanence o % le in the stomach for > 3 h (A). Upper endoscopy was performed, a
capsule was caught with a Roth net (B,C) and promptly delivered to the dudige

PillCam®SB PillCam®SB

Figure mages recorded by the capsule while entrapped in a net device, used for insertion of the capsule into the efferent loop of a patient with a
Billroth 11 al Oomosis.
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CHAPTER 1.6

Room %
¢ Quiet, warm, no distractions

* Dim lights? ambient music?

Reader O E

¢ Vigilant

e Wear comfortable clothes

¢ Sit in a comfortable chair

* Eat or drink caffeine-containing products? Q
Location

* Use available roomss/time periods al@V

Figure 14: Setting for capsule end®sc ading.
* Mark the 1st gastric image * Choose a suitable rate for review
e Mark the 1st duodenal image a * Review all segments including the
* Mark the 1st cecal image esophagus, small bowel and colon

¢ Choose a suitable rate\:ﬁw * Mark the 1st gastric image

OR

* Review all segmeyl * Mark the 1st duodenal image

esophagus, small bow * Mark the 1st cecal image

N

e Stop @)us lesions and * Stop at suspicious lesions and

review ca Il review carefull
y y

* Savi mment e Save & comment

Figure 15: Techniques for capsule endoscopy reading.
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00:48:07

Figure 18: Suspected blood identification software ( ) this example, a false positive is shown.

—— 4

| - "

Velociaade de Visualizagdo: 25

o I
ﬂElf“rs 08:01:48

Modo
\ o

/

|

Gastrica delg Prime

s g neira Ima
Oh1Z2m 5h 23m

Figure 19: lization software (Given®) showing a 2-dimensional drawing with a line representing the course of the capsule. The path of the capsule
is then represented in different colours according to its location: dark blue in the stomach, light blue in the small bowel and yellow in the colon. Gastric
and small bowel transit times are also calculated and displayed in the screen.
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CHAPTER 1.10

Patient with indication of M2A Capsule End

YES
\ Smoll Bowel Follow-Through / Enteroclysis M2A Capsule Endoscopy |
‘ 'y

| Long Stricture (>10 cm) 2

YES
NO Patency [ Patency Capsule |
NG maA Cnpwh l a Was Patency copsule excreted
intact and painless 2
v
YES |
Fig roposed algorithm for the patients with indication of PillCam SB.

&
N
S
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Intestinal

fluid — —

— 5

Figure 13: When Patency capsule is retained by a stricture, the intestinal fluids begin the disintegnQ'ocess, and finally, the fragments of the
device pass through the stenosis.

/\
N

Intestinal
fluid
LATE)
% TEGRATION
@BSTRUCTON

Figure 14: However, if the timer plug of the Pat ca is blocked in a stricture desintegration process could be too late and too slow, and it could
cause an intestinal obstruction in some patients.

N

\@ DESINTEGRATION

RESOLUTION

Y
Y
/\

Figure 15: To avoid this problem, a new device with to heads has been developed. This is the new AGILE Patency capsule.
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Given®

Submucosal ileal tumor [ iti Submucosal ileal tumor

Given® PillCam™SB
lleal Stricture lleal Stricture lleal Stricture
Figure 22: Pictures of some o Pill@ams performed in the patient with gastrointestinal patency demonstrated with AGILE Patency capsule (own
series included in the AGIL psule clinical trial).

N
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>
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were 46% and 54%, respectively. So the conclusions are clear
and in a cohort at high risk for esophageal SCC, ECE is not
sensitive enough to diagnose neoplastic lesions.

In the last months some new indications for ECE have
been investigated. The aim of one study recently published?!
was to evaluate the ability of ECE to identify high and low
risk patients with upper gastrointestinal bleeding (UGIB).
Twenty-four patients with a history of UGIB within 48 hours
of admission to the Emergency Room (ER) were randomized
to CE versus standard clinical assessment. CE was read in
real-time at the bedside and later reviewed after download.
Positive CE findings included coffee grounds, blood clot, red
blood, or a bleeding lesion. CE positive patients underwent
gastroscopy within 6 h. Seven of twelve patients were CE
positive. All seven had confirmatory stigmata at gastroscopy.
Four of the five CE negative patients had no stigmata at EGD
and one was not endoscoped due to comorbidities. The actual
lesion was visualized at CE in four of twelve patients during live
view and in an additional two patients after download (6/12).
Time to endoscopy in the CE positive group was significantly
shorter than control patients (2.5 vs. 8.9 h, P = 0.029). So the
conclusions were that live view CE identifies high and low risk
ER patients with UGIB and the use of CE to risk stratify these
patients significantly reduced time to emergent EGD and
therapeutic intervention.

Other indications could be eosinophilic esophagitis,
peristatic anormalities in esophagus and also when patient
do not want to undergo a conventional gastroscopy.

O

ECE contraindications remain roughly the s d
for Small Bowel Capsule Endoscopy.

CONTRAINDICATIONS

CE should not be used in patients allowing
disorders, due to the risk of aspiratigh. ncy is a
contraindication for CE examination beca fthe microwaves
transmitted by the capsule. However, th re®Wo case reports
of CE examination during the first r OPpregnancy?? 23,

CE is not contraindicated in ents with a cardiac
pacemaker® or implantable gardjac defibrillator®® and there is
no interference between t deyices.

In case of risk of ule retention, that has been
regarded as low as nd as high as 6.8%, CCE is
not indicated. At th 0 t there are no cases of capsule
retention reported in pafients without any known risk factor.
Among the ri Wr capsule retention appear history of

abdominal sur diotherapy, Crohn’s disease or chronic

taking of IDsBA history of prior abdominal surgery in
patient h mal small bowel series is not considered a
high ri refention.
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CONCLUSIONS

Endoscopic examination of the oesophagus with
video-capsule is a practical reality today,
accuracy that is progressively approachi
endoscopy. In the areas where the CE i
which are primarily the detection of B
chronic GERD and risk of bleeding var
cirrhosis, its use should be minimi
of error which may imply inade
kept in a second plan and t onventional endoscopy

should maintain its leading pday thanks to its wide

distribution and good tolera\
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Neu?

Eliakim®

Eliakim?®

Koslowsky™

Koslowsky'

Coron?

Graelnek®

Author

Patients GoldStd
2003 8 Upper
endoscopy
2004 17 Upper
endoscopy
U
2005 93 pper
endoscopy
2006 25 Upper
endoscopy
U
2006 25 pper
endoscopy
2007 94 Upper
endoscopy
2008 28 Upper
endoscopy

Table 1: Results of esophageal CE in oe
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Table 2: Results of esophageal CE in Barrett’s oesophagus.
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“clean SB”, for preventing invagination of the SB but also for
the rare possibility of malignant disease. CE can be used to
control metachronic lesions in follow up. In some cases, there
are distal polyps and the DBE must reach the cecum (Figure
29).

5) INTESTINAL OBSTRUCTION. In case of known
stenosis, DBE can be the first investigation line instead of CE.
We can detect one or more malignant stenosis (Figures 30,
31) or benign stenosis in Crohn’s disease (Figure 32), NSAIDs
diaphragms (Figure 33), with eventual foreign body extraction
of the own CE (Figures 34, 35). In Crohn’s disease the flexible
enteroscopy moreover has indications as follows:

1. suspected disease. For a Crohn’s disease diagnosis
with biopsies in case of clinical suspicion or indeterminate
colitis.

2.established Crohn’s
of complications like fistula,
(adenocarcinoma).

Detection
neoplasia

disease.
secondary

3. differential diagnosis. Diseases like cytomegalovirus
(Figure 36), amiloidosis (Figure 37) etc.

6) STENT PLACEMENT. Under fluoroscopic guidance,
with withdrawing the enteroscope and leaving the overtube
in place with the guide wire through malignant stenosis, by
pushing directly in the overtube an expandable stent on guid
wire (Figure 38).

7) ERCP. In case of Roux-en-Y hepatico-jejung§ V
(Figures 6, 7).

8) PERCUTANEOUS ENDOSCOPIC JEJ Y.

It is a demanding procedure in patients with pgévi urgery
or extensive adhesions due to laparotomies. Tde ction area

on the skin is identified by transillumination dominal
wall palpation within the targeted jejunal geg ose to the
afferent loop anastomosis. The introdyct f the needle into
the jejunal lumen was so monitored ar‘N of penetration
into the contralateral SB wall was devented. The needle
catheter and the wire were then Gig diwith a polypectomy
snare, and the PEJ tube was pla uneventfully by the

standard pull method, in a jéfunal segment not accessible to
standard endoscopy (Fig , 40).

9) NUTRITION S PLACEMENT. (Figures 41,

42).

10) MICROBIOL®GICAL STUDIES IN AIDS or
CHRONIC DI ure 43)

11) LIAC) DISEASE. Celiac disease is diagnosed
by up py with duodenal biopsies, but in special
select s8s with patchy involvement we need targeted
jejunal bi s for the diagnosis of the disease. In case of

poor outcome, we must suspect ulcerative jejunitis, lymphoma,
or even adenocarcinoma. DBE finds in these cases lesions
like tumors, ulcers or diffuse lymphangiectasia (proximal to
lymphatic obstruction) as a secondary lesion.

CHAPTER 4.15.1

In summary, the new ways of enteroscopy are useful,
safe and effective techniques in the diagnosis and treatment of
SB, thus complementing CE.
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Figure 4: Bariatric surgery. The tip of the enteroscope is in the excluded Figure 5: ERCP in a patient with Roux-en-Y hepatico-jejunostomy.
stomach, through the Roux Y anastomosis.

Figure 6: ERCP in Roux-en-Y hepatico-jejunstomy: dilation of Figure 7: Oral DBE in a patient with a giant inguinal hernia. The tip of
stenosis. the enteroscope is in the cecum.

Figure 8: Magnification with DBE videoprocesor. Figure 9: Vascular lesion emphasized by FICE-chromoendoscopy.
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Figure 30: Malignant stenosis in a adenocarcinoma. Figure 31: Malignant stenosis in jejunum in a case of Lynch’'s
syndrome.

Figure 32: Benign stenosis in Crohnis’disease. Figure 33: NSAID diaphragm.

\

Figure 34: Capsule endoscopy retained in a jejunal stenosis. Figure 35: Foreign body extraction of a CE with the Roth basket.
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