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Clinical impact of wireless capsule endoscopy
for small bowel investigation (Review)
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Abstract. Wireless capsule endoscopy is currently considered
the gold standard in the investigation of the small bowel. It is
both practical for physicians and easily accepted by patients.
Prior to its development, two types of imaging investigations
of the small bowel were available: radiologic and endoscopic.
The first category is less invasive and comfortable for patients;
it presents the ensemble of the small bowel, but it may imply
radiation exposure. Images are constructed based on signals
emitted by various equipment and require special interpreta-
tion. Endoscopic techniques provide real-time colored images
acquired by miniature cameras from inside the small bowel,
require interpretation only from a medical point of view, may
allow the possibility to perform biopsies, but the investigation
only covers a part of the small bowel and are more difficult to
accept by patients. Wireless capsule endoscopy is the current
solution that overcomes a part of the previous drawbacks: it
covers the entire small bowel, it provides real-time images
acquired by cameras, it is painless for patients, and it repre-
sents an abundant source of information for physicians. Yet,
it lacks motion control and the possibility to perform biopsies
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or administer drugs. However, significant effort has been
oriented in these directions by technical and medical teams,
and more advanced capsules will surely be available in the
following years.
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1. Introduction

For many years, the small bowel has been a hidden part of the
human body, with no possibility to investigate it until 1895,
when the first X-ray was invented (1). Only then, physicians
had the chance to glimpse at this organ and to start imagining
the possibilities that this discovery led to.

The first steps in medical imaging were faint and offered
very few data with clinical meaning. But still, they represented
the start of a process that was continuously improved with new
devices, techniques, processing activities and modern ways to
interpret the acquired images.

2. Brief history of small bowel investigation

The first imaging procedure used for the investigation of
the small bowel was the X-ray. In classic abdominal X-rays,
the small bowel is located centrally within the image, and the
colon frames it peripherally. The mucosal folds are visible
across the entire width of the small bowel, but still the image
quality was quite poor, superimposition of various structures
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was and still is inevitable, thus the associated pathology was
hard to identify and diagnose.

A significant contribution in the visibility of various char-
acteristics of the small bowel in an X-ray was represented by
a prior ingestion of a contrast agent, which emphasized the
aspect of specific areas within the acquired images. Initially,
bismuth preparations were used for these purposes, at the end of
XIX™ century, but in 1910, Krause, Bachem and Gunther from
Bonn Polyclinic recommended barium sulfate as replacement
since bismuth was considered too toxic (1). Barium has two
very important properties: it is adherent to the small intestine
wall (contour, shape, wall lining and size are more visible),
and it absorbs X-rays, therefore the initial rays are strongly
attenuated and the impression they leave on the receptor, for
that specific area, is very close to white (corresponding to the
imaging aspect when the ray is completely attenuated). The
small bowel was more visible on the new X-rays, in almost
white shades. Intestinal anses are easier to spot, and so are the
eventual pathological lesions.

As the medical world progressed, so did the imaging inves-
tigation techniques. The usage of contrast agents was exploited
even more; later on, double contrast small bowel investigation
started to be used. The development of CT technology in 1989
led to a new direction regarding imaging investigations, so in
the early 1990's CT enterography brought new perspectives
on the small bowel.Other radiology techniques without radia-
tion exposure were also used: magnetic resonance imaging,
magnetic resonance enteroclysis and enterography, ultrasound
or contrast enhanced ultrasound (2). These techniques are
less invasive and better accepted by patients, but they lack the
possibility to perform biopsies.

This drawback was solved by the endoscopic techniques:
push enteroscopy, ileocolonoscopy, intraoperative enteros-
copy, which are however invasive and not comfortable for
patients; still, from an imaging point of view, they offer real
time images of the small bowel, acquired with miniature
cameras, not images reconstructed by various techniques, such
as radiology investigations (3).

All these investigations have advantages and disadvantages
and offer complementary data on the small bowel. But what
was missing was an investigation that would allow a complete
and accurate visualization of the small bowel.

3. A brilliant idea

The previous endoscopic techniques depended on a wire, a
cable or a similar physical element that could not be extended
enough to cover the entire small bowel's length. The next step
was clear: either create a very long component, that would
indeed be long enough to cover it all (this would have the
disadvantage of being hard to manipulate) or create a very
small device that would be swallowed by the patient and
capture images from inside the gastrointestinal (GI) tract (a
very difficult task at that time, with the available electronic
components).

However, this theoretical concept found its inventor in
1981. Gavriel Iddan, an electrical engineer working for the
army, together with his friend Eitan Scapa (gastroenterologist),
laid the foundation of what would later become the wireless
capsule endoscopy (WCE). It took him 10 years, a sabbatical

leave, all of his experience in guided-missile technology and
the recently emerged miniature charged coupled device (CCD)
to come up with an initial solution: a small device with a video
camera based on CCD (which would simply take pictures of
the inside of the small bowel) and an electrical ‘umbilical
cord’ that would provide the power supply (4,5).

This device was not practical, due to the length needed
for the electrical cord (which would have been impossible to
achieve). Thus, a wireless solution had to be identified, in the
form of a mini transmitter, powered by batteries, attached to
the CCD camera. Every image would be transmitted outside
the patient, being subsequently recorded. But the challenges
were not over yet. The mini batteries would only provide about
10 min lifetime. In addition, the light generated by a normal
bulb (based on a heated filament) was faint and required much
energy. The solution came along with the technological prog-
ress, since the recently invented complementary metal oxide
semiconductor (CMOS) would replace the former CCD (saving
about 99% of the requested energy) and, at the same time, the
new light-emitting diode (LED) technology would replace the
previous light bulb. Even so, the problems were not over yet.
The light was accurate, but the CMOS-based camera did not
generate sharp images, as the body temperature decreased the
signal to noise ratio, through the presence of random photons.
Thus, Iddan's team had to invent a new CMOS imager that
would improve the image quality, given the context of the
acquisition process (4).

To date, the brilliant idea of Gavriel Iddan was pretty
much materialized. His device had enough power to capture
images, good light, and a proper acquisition device to obtain
sharp images, completed by a transmitter to send the images
outside. Now, only several hours were needed for the patient
to remain in the doctor's office, and for the doctor to watch
in real time the acquired images. Again, this generated a new
challenge. This time, the solution was easier to identify: a
recorder would be attached to the patient's abdomen and it
would receive and store all images captured by the device
inside. This complex equipment was completed by a software
package that would process the images stored within the
recorder, composing a film that would be later watched by
the examining physician (5,6).

In parallel, Paul Swain was independently studying the use
of mini-cameras for the same purpose. He succeeded to send
real time images from a pig's stomach during an endoscopy, to
a video screen (7).

In 1997, Iddan and Swain decided to join forces and,
two years later, the first working prototypes were being
produced by Given Imaging R&D. In 2000, Iddan and his
team performed and reported the first successful studies on
animals (8). Not long afterwards, the first studies performed
on humans were also completed in 2001. In the same year, this
new device received clearance from the US Food and Drug
Administration (FDA), and thus Given Imaging produced the
first wireless capsules for small bowel investigation, PillCam
SB (9). This was just the beginning.

4. Wireless capsule endoscopy (WCE)

The device invented by Iddan is in fact a capsule very
similar to a large pill. It is composed of a set of CMOSs,
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Table I. Types of capsules for small bowel investigation.

PillCam™ SB 3 EndoCapsule MiroCam® OMOM CapsoCam
Capsule Given Imaging Olympus America Intromedic Jianshan CapsoVision
Size (length/diameter) (mm) 26.2/11.4 26/11 24.5/10.8 27.9/13 31/11
Weight (g) 3.00 3.50 3.25-4.70 6.00 4.00
Battery life 8 h or longer 8 h or longer 11 h or longer 6-8 h or longer 15h
Resolution 340x340 512x512 320x320 640x480 1,152 x 212
Frames per sec (fps) 2 fps or 2-6 fps 2 fps 3 fps 2 fps 20 fps
Field of view (degrees) 156° 145° 170° 140° 360°
Communication RFC RFC Human body RFC Onboard
communication storage

RFC, radiofrequency communication.

lens, LEDs, batteries, a transmitter, and an antenna, all
controlled by a microprocessor (10) and are included in an
oval casing. The recorder is usually attached to the patient's
abdomen.

The complete WCE procedure starts with patient fasting
and the administration of medication needed to empty
the small bowel and colon. Once this step is achieved, the
patient receives the recorder that will be attached to his/her
abdomen. The procedure continues with the capsule's acti-
vation. Once it is activated, it starts acquiring images, at a
certain rate (expressed in number of frames/second). The
patient swallows the capsule, which later advances through
the digestive tract with the help of normal peristaltic move-
ments.

Images are continuously transmitted in real time for
as long as the device is active, and they are stored on the
attached recorder (during the battery lifespan). When
the batteries are no longer powering the device, no more
images are recorded, and the capsule continues its move-
ment within the patient's digestive tract until it is eliminated
naturally.

Later, the images are downloaded to a computer, for a
subsequent offline analysis. The physician watches the entire
set of images and decides whether the patient has certain
lesions or not.

5. WCE systems

In the following years, other companies also started producing
new wireless capsules for the digestive tract investigation.
There are 5 types of capsules for the small bowel, each of them
being briefly presented in Table I (11).

In 2004 and 2006, Given Imaging extended the concept
initiated with the first capsule prototype, by creating dedicated
capsules for the esophagus and colon (PillCam ESO and
PillCam COLON). These new capsules were improved by
having CCDs at both ends and thus they can record images
from both directions (12). This innovative step increases the
chances to detect any potential lesion, by presenting two
different perspectives upon every area of the investigated GI
segment.

In 2006, the same company produced a new device: AGILE
Patency capsule, for patients with known or suspected strictures
who presented with a major risk regarding a potential blockage
of the capsule within their GI tract. In this case, surgery would
represent the only solution to remove the capsule. The patency
capsule is made of lactose and barium. In case it remains stuck
at a certain location of the GI tract, the lactose casing dissolves
within 30 to 100 h from ingestion. The contrast agent (barium)
is then released, and it may be detected by X-ray or CT, thus
the stricture location is well identified (13). In case the patency
capsule is eliminated intact, there is no risk for the patient to
ingest the investigation capsule.

6. Uses for WCE

Initially, WCE was considered as complementary to the
existing endoscopic and radiological techniques for the GI
tract investigation. Since 2003, it became the main method for
exploring the small bowel, due to its large number of images
acquired during its functioning time, and implicitly the abun-
dant amount of information offered and also due to its accuracy
in the identification of the suspected pathology (14,15).
According to current guidelines, WCE is recommended as
a diagnosis imaging tool, both for adults and children above
2 years of age, in the following circumstances: i) to investi-
gate obscure gastrointestinal bleeding, if there is a suspicion
that the source is the small bowel, only after upper and lower
endoscopy have excluded a potential bleeding source in the
superior segment of the digestive tract or colon; ii) to perform
an initial evaluation of patients for whom there is a suspi-
cion of Crohn's disease, when small bowel follow-through
(SBFT) or enteroclysis, including CT enteroclysis and upper
and lower endoscopy are non-diagnostic AND there is no
suspected or confirmed gastrointestinal obstruction, stricture,
or fistulae; iii) to perform a re-evaluation of patients with
Crohn's disease, when they still present symptoms even if the
correct treatment has been administered, and patients do not
present strictures, obstructions or fistulae; iv) for suspected
small intestinal tumors; v) for patients older than 35 years
of age diagnosed with polyposis syndrome or with Lynch
syndrome; vi) for refractory undiagnosed malabsorptive
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Table II. WCE performance compared to other techniques in the detection of obscure gastrointestinal bleeding.

Obscure gastrointestinal bleeding

WCE Push MR CT Angiography
Authors, year (%) enteroscopy (%) Enteroclysis (%) enteroclysis (%) enteroclysis (%) (%) (Refs.)
Segarajasingam et al, 2015 73 49 - - - - 22)
Triester et al, 2005 63 28 - - - - (23)
Ell et al, 2002 66 15 - - - - 24)
Lewis and Swain, 2002 55 33 - - - - (25)
Mylonaki et al, 2003 68 32 - - - - (26)
Triester et al, 2005 67 - 8 - - - (23)
Laine et al, 2010 30 - 7 - - - 27
Van Weyenberg et al, 2013 38 - - 40 - - (28)
Khalife et al, 2011 53 - - - 34 - 29)
Leung et al, 2012 53 - - - - 20 (30)

WCE, wireless capsule endoscopy; MR, magnetic resonance; CT, computed tomography.

syndromes with prior history of negative small bowel biopsy
(for example, suspected celiac disease with prior negative
biopsy); vii) to investigate anemia with concomitant iron
deficiency, suspected to be of small bowel origin, after appro-
priate evaluation (at a minimum upper and lower endoscopy)
has excluded a source of anemia from the upper GI tract and
colon (16).

Before becoming the gold standard in the investigation
of the small bowel, WCE has been extensively studied in
comparison with other traditional evaluation methods, to
ascertain which correctly identifies the present pathology
and thus offers the best results. The use of the WCE proce-
dure eliminates the risk of contracting an infection with
multidrug-resistant germs, given the fact that Romania is
one of the South-Eastern European countries with one of
the highest prevalence rates of multidrug-resistant patho-
gens (17). Elderly patients are more susceptible to infection
and complications due to the constant decline in physical
function and compromised immune system (18); thus, WCE
is more indicated for the diagnosis of digestive disorders in
this category of patients. In patients with extra-respiratory
tuberculosis, intra-abdominal and mediastinal lymphade-
nopathy also implies a diagnostic and management challenge
in highly endemic regions for tuberculosis (19). In addition,
WCE for the diagnosis of digestive disorders is an adequate
alternative in patients with severe heart failure, for at least
two reasons. The first is that the use of WCE eliminates the
risk of deep sedation used in the classic endoscopic proce-
dure (hypotensive episodes and even cardiorespiratory arrest
may occur, through severe vagal reaction in response to
pain). The second consideration is related to the elimination
of the risk of aggravation of renal dysfunction (64% present
in patients with heart failure of classes III-IV NYHA) when
classical digestive endoscopy is contraindicated and opt for
CT examination with contrast substance (20). In patients with
an abdominal aortic aneurysm, classical colonoscopy is a
contraindication, and the use of WCE is an effective method
of diagnosis for these patients as well (21). Tables II-V indicate

a series of comparisons, by group of diseases. For most of
these, WCE correctly diagnosed more patients, compared to
other investigations (22-55).

7. The future of WCE

WCE presents numerous advantages. It is painless,
comfortable, and non-invasive for the patient, and it
is rich in information for the examining physician. In
terms of diagnosis, the past decades have represented an
extensive research period dedicated to automatic lesion
detection, computer-aided diagnosis, removal of artifacts
and non-informative frames, and reduction in the time spent
for analysis (56-62). There are currently multiple software
applications that perform automatic analysis and segmenta-
tion of all images acquired through this investigation, detect
potential lesions, emphasize the areas with important content,
and compute various parameters. Their main role is to help
the examining physician in the overall analysis of each WCE
result.

It does have disadvantages which include the lack of motion
control, impossibility to implement biopsies, or to adminis-
trate local treatments. For each point, researches have tried to
overcome these drawbacks and produce feasible solutions that
will improve even more the accuracy of this procedure, and
also to enrich it with more facilities, other than being just a
diagnostic tool.

Motion control. There are several research directions for
assuring the motion control of the capsule, mainly magnetic
fields, small physical legs, or small fins. RF System Lab has
worked on the Sayaka capsule which could have motion control
using an external and an internal constant magnetic field. The
capsule itself was modified by including an electromagnet
inside the oval casing. Investigation using this capsule would
imply an eternal stationary electromagnetic field [something
similar to magnetic resonance imaging (MRI), for example] or
a belt that the patient would have to wear over the chest (63).
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Table III. WCE performance compared to other techniques in the detection of Crohn's disease.

Crohn's disease

MR Push CT
WCE enterography enteroscopy Enteroclysis enterography  Ileocolonoscopy
Authors, year (%) (%) (%) (%) (%) (%) (Refs.)
Choi et al, 2017 86 100 - - - - (3D
Albert et al, 2005 93 78 - - - - (32)
Crook et al, 2009 93 71 - - - - (33)
Jensen et al, 2011 100 86 - - - - (34)
Triester et al, 2006 46 - 8 - - - (35)
Choi et al, 2017 66 - - 21 - - (3D
Triester et al, 2006 63 - - 23 - - (35)
Dubcenco et al, 2005 82 - - 9 - 50 (36)
Voderholzer et al, 2005 61 - - 49 - - 37
Choi et al, 2017 73 - - - 23 - 3D
Triester et al, 2006 69 - - - 30 - (35)
Eliakim, 2004 77 - - - 20 - (38)
Hara et al, 2006 71 - - - 53 - 39)
Solem et al, 2008 83 - - - 83 - 40)
Triester et al, 2006 61 - - - - 46 (35)
Bourreille et al, 2006 68 - - - - 61 41)
Pons Beltréan er al, 2007 55 - - - - 25 42)
Hara et al, 2006 71 - - - - 65 39)
Solem et al, 2008 83 - - - - 74 (40)
Leighton et al, 2013 55 - - - - 25 43)

WCE, wireless capsule endoscopy; MR, magnetic resonance; CT, computed tomography.

Table IV. WCE performance compared to other techniques in the detection of tumors, Lynch syndrome and familial adenomatous
polyposis (FAP).

Tumors, Lynch syndrome and familial adenomatous polyposis

MR CT Patients
WCE  enterography Enteroclysis enterography  DBE included
Authors, year (%) (%) (%) (%) (%) in study lot ~ (Refs.)
Akin and Ersoy, 2012 (Tumors) 66 22 - - - 9 (44)
Akin and Ersoy, 2012 (FAP) 66 16 - - - 6 44)
Costamagna et al, 2002 45 - 20 - - 20 45)
Bailey et al, 2006 62 - 35 - - 26 (46)
Mata et al, 2008 29 - 12 - - 24 47
Singeap et al, 2016 5 - - 1 - 102 (48)
Saurin et al, 2005 9 - - 3 - 35 (49)
Ross et al, 2008 3 - - - 10 183 (50)
Caspari et al, 2004 5 - - - 2 156 (52)
Haanstra et al, 2015 11 - - - 6 155 (51)

WCE, wireless capsule endoscopy; MR, magnetic resonance; CT, computed tomography; DBE, double balloon enteroscopy.

Another system is represented by Odocam which has been  legs are extendable and retractable, thanks to a micro-motor
designed with 3 miniature legs, each one carrying a wheel. Its ~ and custom-made torsion springs. The wheels represent
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Table V. WCE performance compared to other techniques in the detection of Peutz-Jeghers syndrome.

Peutz-Jeghers syndrome

WCE MRE Enteroclysis CT enterography Patients included
Authors, year (%) (%) (%) (%) in study lot (Refs.)
Caspari et al, 2004 40 20 - - 20 (52)
Brown et al, 2006 21 - 5 - 19 (53)
Mata et al, 2008 29 - 12 - 24 47)
Brown et al, 2006 21 - 5 - 19 (53)
Thomson et al, 2007 11 - 4 - 28 54)
Gupta et al, 2006 42 - - 58 19 (55)

WCE, wireless capsule endoscopy; CT, computed tomography; MRE, magnetic resonance enterography.

micro-odometers, by registering each rotation they perform.
As the wheels turn, their rotations are converted into distance
to measure the distance covered by the device from the point
of duodenal entry to each area/point of interest (63).

Another idea is to equip the capsule with two separate sets of
4 miniature legs, driven by independent motors that would control
threaded rods by means of separate gears. These would generate
the movement of two sections of legs, placed along the capsule.

Other authors thought to use fins instead of legs. This would
allow the capsule to ‘swim’ inside the small bowel instead of
‘walk’ along its wall. The capsule would be equipped with
a motor placed at the end of the capsule, which would drive
the tail, causing swinging movement. The frequency of move-
ments and amplitude would be adjusted using the embedded
microprocessor. Fin size would be about 10 x 45 mm, leading
to an average speed of 1 cm/sec (64).

Other researchers have imagined a type of robot made
of five capsules: 4 legs and the initial capsule (representing
the capsule mother, allowing the reconfiguration and connec-
tion of all other individual parts). The patient would have
to swallow the individual components, and the robot would
assemble itself within the human body. The four legs would
have multiple functions, including movement, monitoring or
biopsy (63).

MicroCam is designed to be a self-stabilizing capsule,
containing a gelatin cap, superabsorbent polymer granules
and a polylactic acid (PLA) mesh. The gelatin cap dissolves
in aqueous medium, at body temperature, and releases an
expandable stabilizing component, the PLA mesh (63).

SupCam comes with an innovation in terms of shape; it is
a spherical endoscopic capsule (about 2 cm in diameter) which
can be safely, and accurately, guided along the colonic lumen
from the outside, by means of an electromagnet (65).

Soon motion control will become a part of WCE tech-
nology, since there is much need for the capsule to be able
to adjust its position. This would allow the capsule to stop
near potential lesions and acquire better images that help
the examining physician to establish a more accurate diag-
nosis.

Biopsy facility. Another major direction of research
regards biopsy, which represents an important step in the

development of new capsules. A team of researchers have
imagined a capsule with a conical mirror placed in its main
axis and an associated biopsy module. The site of biopsy
would thus be directly visible to the camera. It is one of the
biggest advantages of this solution (the possibility of simul-
taneous biopsy and visualization of the region of interest).
This prototype would collect small samples of tissue (e.g.
polyp) and would store them inside the capsule, using an
open chamber with a cutting tool, and a strained spring.
When the string is released, under the action of an external
magnetic field, the cutting tool performs a rotation move-
ment, collecting and storing the biopsy material within the
open chamber (66).

Another team of researchers imagined a capsule with
a special tank within its casing that would release a set of
micro-grippers meant to collect small pieces of tissue (67).
These micro-grippers are like a 6-point star made of shape
memory metal. At temperatures below 36°C, the points are
connected, and the star is closed. Once they are released
from the capsule inside the patient's digestive tract, where the
temperature exceeds the threshold value, they open and then
they close again in the opposite direction. During this process
they are able to collect the biopsies from their current location.
This capsule may also present a special tank with drugs to be
released in a chosen location.

Drug administration. Targeted drug delivery is also an impor-
tant research direction in the improvement of current capsules.
According to Woods and Constandinou, future capsules will be
equipped with special modules holding a key element: a needle
extendible up to 1.5 mm outside the capsule's body, which
would inject the necessary drug in a specific location (68). The
needle will be controlled by a single micro-motor, occupying
very little space within the capsule.

Enterion is also a drug delivery capsule, with a reservoir of
approximately 1 ml. It may contain any type of drug that may
be released to specific locations of the GI tract, through an
opening of 9 mm. The release system is based on a spring and
a piston that moves along the shaft of the capsule. The string
may be magnetically controlled (69).

In conclusion, almost four decades ago, before WCE,
a series of diseases of the small intestine were difficult to
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diagnose. Then, the exploration of the small bowel took
a step forward with the development of a new medical
procedure that provides a set of images from within the
GI tract. Initially, WCE was considered complementary
to the existing endoscopic and radiology techniques. But
since 2003, it has become the main method for exploring
the small bowel.

New WCE prototypes are currently under development,
mostly focusing on motion control, tissue sampling and drug
administration.
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