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Examinations, Charlotte M. Höög, Lars-Åke Bark, Juan Arkani, Jacob Gorsetman, Olle Broström,
and Urban Sjöqvist
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Since first described in 2000 [1], capsule endoscopy has
established itself as a noninvasive investigative modality of
the gastrointestinal tract. It is used as a first-line investigation
to image a variety of diseases of the small bowel. These in-
clude common conditions, such as coeliac disease, and rare
diseases, such as familial adenomatous polyposis, both dis-
cussed in detail in this special issue by E. Akin and colleagues.

However, whilst first used to study small bowel disease,
these swallowable devices also image the rest of the gas-
trointestinal tract as peristalsis propels them distally. This is
illustrated in the paper by H. Ishiguro et al. in a study using
oesophageal capsule to screen for oesophageal varices and
referred to in the review of future developments by G. Pan
and L. Wang when discussing colon capsule endoscopy.

Whilst avoiding the risks of sedation and intubation
associated with conventional endoscopic procedures and the
radiation exposure required for many radiological investiga-
tions, capsule endoscopy is not entirely without risk. Reten-
tion of the capsule behind a stricture is the main concern,
particularly if this is a benign disease such as Crohn’s or
a nonsteroidal anti-inflammatory drug enteropathy which
would not necessarily require operative intervention, and the
size of this problem is assessed in the large series presented
by L. M. Höög et al. These authors also consider the issue of
incomplete examinations. This is less widely discussed, but
is much more common than capsule retention, may necessi-
tate repeat or alternative investigations, and is an important
consideration. The potential for interference with cardiac
pacemakers and other devices remains of sufficient concern

for manufacturers to consider capsule endoscopy to be con-
traindicated in the presence of such devices: D. Bandorski
et al. provide some reassurance in regard to this matter in
their international survey of practice.

G. Pan and L. Wang provide a fascinating insight into
what future technological advances might allow us to achieve
with these remote devices, which currently just offer an imag-
ing facility but which may develop to allow control of move-
ment, sampling of tissue or fluid and therapy. We should
not lose track, however, of the importance of using capsule
endoscopy appropriately, safely, and effectively, and R. Sidhu
et al. remind us of the need for appropriate training and
accreditation to provide excellence of service using devices
which are already widely used in routine clinical practice.

Mark E. McAlindon
Reena Sidhu

Marco Pennazio
Cristiano Spada
Martin Keuchel
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Capsule endoscopy (CE) is a new modality to investigate the small bowel. Since it was invented in 1999, CE has been adopted in the
algorithm of small bowel investigations worldwide. Reporting a CE video requires identification of landmarks and interpretation
of pathology to formulate a management plan. There is established training infrastructure in place for most endoscopic procedures
in Europe; however despite its wide use, there is a lack of structured training for CE. This paper focuses on the current available
evidence and makes recommendations to standardise training in CE.

1. Introduction

Capsule endoscopy has revolutionised the way gastroenterol-
ogist image the small bowel. Since its approval by the Food
and Drug Administration (FDA) in 2001, the indications for
its use have expanded widely. There have been European,
American, British guidelines among others on the use of CE
[1–5]. Despite this worldwide expansion on the use of CE,
there remains a lack of accepted standardized credentials for
physicians who provide a CE service. There is also a lack of
structured training for trainees who wish to undertake CE
compared to other forms of gastrointestinal endoscopy. With
such rapid expansion in uptake of this new modality comes
the inherent need to develop diagnostic knowledge, skill, and
competence assessments for CE.

2. Reading a Capsule Endoscopy Video

CE provides approximately 8–11 hours of small bowel foot-
age, depending on the CE diagnostic system being used [6].
There are several prototypes of CE currently available on the
market including the PillCam SB (Given Imaging, Yoqneam,
Israel), the Endocapsule (Olympus, Tokyo, Japan), and the
MiroCam (Intromedic, Seoul, Republic of Korea). Small
studies making comparisons between these devices have
shown no real difference between them [7–9]. The current

available software allows the reader to visualise the images
in a single, double, or quad views at rates of five to forty
images per second. Images can be saved as thumbnails with
annotations. On most softwares, there is a “suspected blood
indicator” that identifies red pixels [10] which helps direct
the reader to certain frames with likely pathology. There is
also localization software that provides some estimate on the
location of the capsule within the small bowel. The aver-
age reading time varies between 30 and 120 minutes depend-
ing on the small bowel transit, quality of images, and the
experience of the reader [11].

3. Different Requirements for Training in
Capsule Endoscopy

Numerous studies have compared CE reading between
nurses, gastroenterology trainees/endoscopy fellows, and
medical students [11–19]. Significant interobserver variation
in reporting occurs even among experienced capsule endo-
scopists [16, 17]. Whilst studies have shown that the agree-
ment on identification of landmarks and pathology is greater
among experts compared to gastroenterology trainees [15,
16], there is no defined number of capsule endoscopies that
would signify competence. However, prior endoscopic ex-
perience has been shown to enable trainees to interpret CE
videos more accurately compared to medical students [19].
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A number of studies have also identified a role for nurses
in CE reporting as physician extenders [11, 12, 14, 20]. The
published studies have shown that although nurses are more
likely to identify additional insignificant findings, no serious
pathology is missed compared to physician experts. More
recently, one blinded trial (abstract) which compared the
reading of CE between an experienced nurse and a doctor
also found no significant difference in diagnostic yield and
management advice given in CE reporting [21].

Training on small bowel CE has also been shown to
be helpful in the interpretation of colon capsule endoscopy
(CCE) images; however, on its own, it is deemed insufficient.
In one of the first trials, CCE videos were read by physicians
with extensive experience in small bowel CE. However, tech-
nicians specifically trained on CCE had a higher diagnostic
yield during a separate reading [22]. As a consequence,
physicians participating in a large subsequent multicenter
study on CCE had to successfully complete test videos before
starting enrolment [23].

4. Training: Setting the Scene

A structured training programme exists for the majority of
gastrointestinal (GI) endoscopic procedures worldwide. In
the UK, the Joint Advisory Group (JAG) has a minimum
number of endoscopic procedures and set criteria for trainees
to undertake prior to being deemed competent in each mod-
ality [24]. The evaluation of competence is also assessed by a
minimum of two trainers for verification after completion of
GI endoscopic portfolio for upper and lower GI endoscopy.
In most other countries in Europe, a similar approach is
adopted to ensure trainee competence.

Despite the limited evidence available on training in CE,
in 2005 the American Society of Gastrointestinal Endoscopy
(ASGE) recommended that training performed outside a
GI fellowship should include the completion of a hand-on
course with a minimum of 8 hours of continuing medical
education, followed by review of the first 10 complete
cases by a credentialed capsule endoscopist [25]. American
guidelines for endoscopic training in routine procedures
within a fellowship define 25 capsule endoscopy studies as a
threshold for assessing competence (Gastroenterology Core
Curriculum, third edition, 2007, jointly published by Ameri-
can Association for the Study of Liver Diseases (AASLD),
American College of Gastroenterology (ACG), AGA Insti-
tute and American Society for Gastrointestinal Endoscopy
(ASGE)).

In Britain, training in CE is not a mandatory requirement
of specialist training, and many trainees receive no training at
all in this field. A survey of trainee gastroenterologists high-
lighted that while they do request CE procedures for their
patients, only 13% had ever had the chance to report a study
[19]. The survey also revealed that 88% of trainees around
the country were interested in learning about CE and 40%
would consider becoming future CE service providers. Al-
though there is interest evident from trainees, access to cap-
sule services and in-house training is currently not universal.
Furthermore, 45% of GI units in the UK routinely offer CE
and more than 90% of UK gastroenterologists currently refer

for capsule endoscopy [26]. This intense penetration of CE
into daily practice clearly warrants standards for training and
assessing competency. This unsatisfactory situation is a re-
flection for most other European countries as well.

5. Methods of Training

There have been numerous studies which have looked at
methods of training in GI endoscopy. Studies using com-
puter-based or virtual simulator models in upper GI endo-
scopy [27] and colonoscopy [28, 29] have shown to be bene-
ficial with improved performance at endoscopy. The Erlan-
gen Endo-Trainer with biological specimens from pigs has
been adopted as a method of training in some centres in Ger-
many with improvement in learning curves [30]. Apart from
standard endoscopy and ERCP, this method has also been
adopted for training in double balloon enteroscopy [31].

Few studies have addressed how best to train in CE.
Whilst the literature suggest that prior endoscopic experience
is helpful in CE reporting [19], the training required for CE
is vastly different to the technical competence and hands-on
training required for flexible sigmoidoscopy or colonoscopy.
Capsule endoscopy requires a skill set based on observation,
recognition, and interpretation of significant findings from
computer images with appropriate management advice.

This requirement for training in CE has been incorpo-
rated into formal training courses in the United States and
Europe, by providing hands-on training with a computer
workstation for two or three delegates each. Although
courses differ throughout Europe, the basic principles in-
clude hands-on training with a significant amount of time
spent on real cases or case sequences. Topics covered in the
courses generally include practical use of the software, anato-
mical landmarks, and diseases causing midgastrointestinal
bleeding, as well as inflammatory and tumorous lesions of
the small bowel. Many of the courses are partially sponsored
by one of the manufacturers of CE. As principles for the clini-
cal application of CE are independent from the capsule
type, course curricula are almost identical irrespective of the
software. However, for consistency of training, only one sys-
tem is used during hands-on training on any single course
in Europe. The American Society for Gastrointestinal Endo-
scopy (ASGE) offers split courses, providing training either
with the Given Imaging or the Olympus System. Most of
the European courses consist of two days: day one for be-
ginners and day two for advanced training. Preliminary, un-
published data on several European courses have showed a
significant improvement in the ability to classify type and
relevance of small bowel findings, either pathology or var-
iants of normal as shown in the CE video images (Figure 1)
after attending a formal beginners course.

Books are a well-established source of education. There
are books available on CE, focusing on a practical introduc-
tion to the method [32], on a comprehensive collection of
images [33], or on the clinical context [34]. Accompanying
DVDs with video clips [32, 34] may improve visual under-
standing.

Web-based or e-learning is a relatively new method
which is fast becoming a valid educational method of
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Figure 1: (a–d) Still images from test videos for evaluation of competency gained during formal beginners courses on capsule endoscopy.
(a) Submucosal tumor (carcinoid), (b) normal papilla, (c) focal lymphangiectasia (variant of normal), and (d) angiectasia.

postgraduate training within a range of medical specialities
[35]. Postgate et al. assessed the utility of a computer-based
CE lesion recognition learning module on 28 trainees with
varying experience [36]. The trainees in the study demon-
strated a significant improvement in lesion recognition skills
after a dedicated computer-based training module, which
consisted of video clips of normal anatomical appearances,
incidental and pathological findings, and learning objectives
and integrated feedback within multiple-choice questions
[36]. The same group have also used an animal-based model
in tandem with CE to assess the rate of polyp detection
[37]. Although endoscopic experience was helpful, larger
polyps, which are the most clinically relevant, tended to be
the least accurately sized even by CE experts and experienced
endoscopists [37]. Another model using pearls of different
sizes in an animal gut visualized by CE was systematically
undersized by students and by experts. However, experts with
experience of more than 400 CE tended to be more precise,

suggesting a continuing learning curve even after performing
many examinations [38]. In a comparative multicenter trial
on capsule videos segments, the poorest interobserver agree-
ment was found for estimating the size of lesions [39].

Hence in the published literature there remains a paucity
of evidence on how best to train and how much of training is
required (learning curve) to achieve competence. However,
studies on interobserver agreement have shown that correct
detection and classification of polyps and ulcers seems more
difficult than for angiectasis or active bleeding. This could
provide the basis for selecting topics to be dealt with in more
detail during courses.

Presently, formal training courses dedicated specifically
to colon capsule endoscopy (CCE) are offered only in a few
European countries such as in Spain. However, most ad-
vanced courses include an introduction to e-principles of
CCE and some hands-on training on CCE cases.
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6. Recommendation for Training in
Capsule Endoscopy

Training in CE needs to be standardised and aligned with
other forms of endoscopy training. At present, a small num-
ber of hands-on computer-based training courses are already
established in the US, Europe, and the UK. The UK CE train-
ing programme, dual endorsed by both British and Ameri-
can GI Societies, currently provides training at beginner and
advanced levels.

A core curriculum for CE is currently being established.
The core curriculum should define competencies, learn-
ing outcomes, and assessments relating to CE. This should
include assessment of the patient, the CE procedure, equip-
ment, prereading, diagnosis, and reporting with manage-
ment advice. Managing complications and medicolegal as-
pects should also be encompassed in the curriculum.

This can serve as a basis for national regulations and
guidelines of endoscopic or gastroenterology societies. Train-
ing standards with competency measures should be set using
formative and summative assessments, which could be car-
ried out locally. Finally a formal framework for accreditation
in CE for doctors and nurses should be established in a
number of CE certified training centres or incorporated into
established CE training programmes, in conjunction with
national endoscopic bodies.

The degree of competency requested will depend on the
expected role of the trainee after completing the curriculum.
For instance, in some European countries there is a role for
nurses in prereading, but in most countries, nurses will not
be allowed by legal regulations to finally diagnose and report
a video capsule study.

This formal structured process would in turn help for-
malise quality assurance of capsule endoscopy service devel-
opment, practice, and training.

7. Learning Objectives and Practice Points

(i) Capsule endoscopy is a noninvasive modality to in-
vestigate the small bowel.

(ii) Reporting a CE video requires identification of land-
marks, interpretation of pathology, and formulation
of appropriate management advice.

(iii) There is established training infrastructure for most
forms of endoscopy across Europe for trainees.

(iv) Despite its wide use, there is a lack of structured
training for CE.

(v) Prior endoscopic experience is beneficial in CE read-
ing.

(vi) Web-based CE learning has been proven to be use-
ful in demonstrating an improvement in lesion re-
cognition.

(vii) A structured CE training programme is required with
formal accreditation in CE.

Abbreviations

CE: Capsule endoscopy
UK: United Kingdom
GI: Gastrointestinal
JAG: Joint advisory group
CCE: Colon capsule endoscopy
ASGE: American Society of Gastrointestinal

Endoscopy.
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Objective. The objective of this study was to assess the utility of magnetic resonance enterography (MRE) compared with capsule
endoscopy (CE) for the detection of small-bowel polyps in patients with familial adenomatous polyposis (FAP). Methods. Patients
underwent MRE and CE. The polyps were classified according to size of polyp: <5 mm (small size), 5–10 mm (medium size),
or >10 mm (large size). The location (jejunum or ileum) and the number of polyps (1–5, 6–20, >20) detected by CE were also
assessed. MRE findings were compared with the results of CE. Results. Small-bowel polyps, were detected by CE in 4 of the 6 (66%)
patients. Three patients had small-sized polyps and one patient had medium-sized polyps. CE detected polyps in four patients
that, were not shown on MRE. Desmoid tumors were detected on anterior abdominal wall by MRE. Conclusion. In patients with
FAP, CE can detect small-sized polyps in the small intestine not seen with MRE whereas MRE yields additional extraintestinal
information.

1. Introduction

Familial adenomatous polyposis (FAP) is a disease with
autosomal dominant inheritance. It is caused by an alteration
of the FAP (APC) gene that is located on chromosome 5q21.
The syndrome is characterized by the presence of adeno-
matous polyps in the gastrointestinal tract, mainly in the
colon, rectum, and duodenum and is associated with 100%
risk of colorectal cancer [1–3]. Patients with FAP have a
cumulative lifetime risk of over 80% for developing duodenal
adenomas, which are the precursor lesions for duodenal
adenocarcinoma. Consequently, these patients have a 4%
lifetime risk of periampullary or duodenal adenocarcinoma
[4, 5]. In order to minimize the complications of small-
bowel polyposis in FAP, upper endoscopy and small-bowel
radiographic surveillance are recommended [6].

There is little doubt that capsule endoscopy (CE) is the
best method to evaluate the entire small-bowel mucosa [7].

Studies have shown that CE is useful and safe surveillance of
jejunal-ileal polyps in selected patients with FAP [8, 9]. How-
ever, capsule endoscopy has limitations including evidence
that size estimation and anatomic localization of polyps at
capsule endoscopy may be inaccurate even if experienced
readers review the examinations [10]. Furthermore, polyps
can be double-counted or missed altogether because of a
combination of retrograde peristalsis, rapid capsule tran-
sit, and limited video frame capture rate [11–14]. CE is
contraindicated in patients suspected of bowel stricture or
obstruction [15].

Magnetic resonance enterography (MRE) has proven
to be a reliable technique for the evaluation of mucosal
abnormalities. MRE could be an ideal imaging modality to
follow patients with FAP, being noninvasive, well tolerated,
and radiation-free [16–18].

The aim of this study was to prospectively assess CE and
MRE in the diagnostic work-up of patients with FAP.
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Table 1: Demographic, clinical, CE, and MRE findings of the patients.

No Age Sex Prior surgery CE polyps Jejunum Ileum MRE

1 M 51 Subtotal colectomy + ileorectal anastomosis 6–20/<5 mm + + −
2 M 22 No >20/5–10 mm + + −
3 M 31 Subtotal colectomy + ileorectal anastomosis 1–5/<5 mm − + −
4 M 28 Subtotal colectomy + ileorectal anastomosis 0 − − −
5 F 26 No 0 − − −
6 M 44 Proctocolectomy − ileoanal pouch anastomosis 1/<5 mm + −

MRE: MR enterography, CE: capsule endoscopy, A: anastomosis.

2. Materials and Methods

Six patients with FAP were prospectively recruited between
June 2010 and April 2011: five men and one woman (median
age, 39.6 years; age range, 22–51 years), and examined
by using CE and MRE. Patients excluded were those
with severe swallowing disorders, claustrophobia, implanted
cardiac pacemaker or other electronic devices, pregnant
women, patients with a clinical suspicion of small-bowel
obstruction/pseudoobstruction, strictures or fistulas, and
children under 16 years old.

Experienced endoscopist (O. E.) reported all the videos.
The polyps were classified into 3 groups: <5 mm, 5–10 mm,
or >10 mm. The location (jejunum or ileum) and the
number of polyps (1–5, 6–20, >20) detected by CE were also
assessed. The location of small-bowel polyps was estimated
by analyzing the CE transit time between pylorus passage
and pouch-ileostomy (ileorectal anastomosis or ileocecal
valve). The duodenum was designated to be the small bowel
visualized up to 2 min after pylorus passage. The remaining
CE transit time was divided into three thirds of which the
upper two thirds were designated jejunum and the lower
third was presumed to be ileum.

All patients gave their written informed consent for CE
and MRE exams. The study was approved by the local
ethical committees. The procedures were performed in the
morning, after an overnight fast. Bowel preparation was
performed with 4 L polyethylene glycol (PEG) solution given
15 hours before the procedure. CE was performed by using
the PillCam SB with the RAPID workstation and software
(Given Imaging Ltd, Yoqneam, Israel). Patients were allowed
to drink fluids 2 hours after capsule ingestion and were
allowed a light meal 4 hours later. Data were recorded for
approximately 8 hours. After data sampling, the recorder
was disconnected, and all data were downloaded to the
workstation and analyzed on the following day.

2.1. MRE Technique. In all patients, MRE was also per-
formed within 2 weeks after CE in separate occasions.
Patients were asked to fast the night before the examination,
and bowel enema was not given for intestinal preparation.
1500 mL oral contrast agent solution (containing 10 grams
of methylcellulose, 200 mL PEG, and 1300 mL water) was
prepared, homogenized, and administered for intestinal dis-
tention. Oral-contrast agent was ingested over a 30–45 min
period, as permitted by patients’ tolerance and cooperation.

After drinking up the whole solution, 20 mg of hyoscine-N-
butyl bromide (Buscopan, Boehringer Ingelheim, Germany)
was given intravenously to suppress bowel spasm and
motion, and then patients were taken to the MR suite.

All MRE studies were performed by using a 1.5
Tesla MR machine (Philips Intera Achieva, Best, The
Netherlands) by using a phased-array body coil in supine
position. After acquiring three-plane scout images, two-
dimensional (2D) turbo spin-echo (TSE) T2- weighted
(W), 2D-TSE-T1W images and three-dimensional (3D)
T1W (THRIVE) gradient-echo images were obtained.
After intravenous administration of gadoterate-meglumine
(0.1 mmol/kg; Dotarem, Guerbet, France), T1W sequences
were repeated with same parameters in portal and delayed
phases. MRE reported by one radiologist (O. A.).

3. Results

Of the 6 FAP patients, 3 had previously undergone a
proctocolectomy with ileoanal pouch anastomosis, 1 had a
subtotal colectomy with ileorectal anastomosis, and 2 had
no surgery. Patient demographics, prior operative history,
and a summary of CE and MRE findings are outlined in
Table 1. All patients successfully underwent MRE and CE.
Complete passage of the small bowel by CE was obtained in
all patients who performed CEs. No complications related to
capsule endoscopy or MRE were observed in any of the study
patients. Patients tolerated both methods. Image quality was
satisfactory in all patients.

Small-bowel polyps were detected by CE in 4 of the 6
(66%) FAP patients ranging from estimated <5 mm to 5–
10 mm in size (Table 1). Thereof, in three patients small-
sized (<5) and in one patient, medium-sized (5–10 mm)
polyps were seen (Figures 1(a) and 1(b)). CE detected polyps
in four patients that were not shown on MRE. In one patient
(number 3) MRE showed two desmoids tumors, one of them
62 × 59 mm in midabdominal area invading into the left
rectus muscle and the other 43 × 38 mm extending from
anterior abdominal wall to subcutaneous tissue (Figures
2(a)–2(f)). These tumors were excised.

4. Discussion

FAP is a hereditary polyposis syndrome with a high risk for
benign small-bowel polyps and cancer. Hence, endoscopic
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Figure 1: CE detected small-sized (<5) (a) and medium-sized (5–10 mm) (b) polyps.

surveillance of the upper gastrointestinal tract with forward-
viewing and lateral-viewing endoscopy, as well as ileoscopy,
is recommended [8, 19]. Upper gastrointestinal lateral-
viewing endoscopy is highly effective for identifying most
polyps within the duodenum. However the possibility of
adenomas developing in segments of the bowel inaccessible
by standard upper GI endoscopy in a proportion of FAP
patients indicates that additional modes of screening could
be considered. Small-intestinal adenomas prevalence in FAP
patients varies, depending of the modality used for their
detection [20].

CE and MRE have both emerged relatively recently
and are increasingly utilized for small-bowel assessment.
Technical advances have enhanced MRE’s diagnostic capa-
bility in small-bowel imaging. CE is noninvasive, safe, and
comfortable and can be performed on an ambulatory basis
in FAP patients. Recently, CE has been shown to be effective
for the detection of small-bowel polyps [8, 9].

A few previous studies already assessed the diagnostic
value of MRE in the evaluation of patients with FAP, in
comparison with capsule endoscopy, with preliminary sat-
isfactory results [17, 18]. In a study investigating diagnostic
value of MRE in the Peutz-Jeghers syndrome (PJS), this
method showed 93% concordance with enteroscopy [21].
The authors concluded that MRE could be used for surveil-
lance of PJS patients. Caspari et al. compared CE and MRE
for detection of small-intestinal polyps. Polyps larger than
15 mm were equally detected by the two methods. However,
smaller lesions were better shown by CE [17]. Tescher et al.
also reached similar results in a study of 20 FAP cases [19].

In patients with FAP, CE can detect small-sized polyps
in the small intestine not seen with MRE whereas MRE
yields additional extraintestinal information. Probably, CE-
detected polyps in our study were not seen by MRE as they
were smaller than 15 mm. Small-intestinal air-fluid levels
might have masked the polyps in MRE. Also, insufficient

small-intestinal distention might have obscured them. CE
may be more valuable in detection of small polyps as it
shows the mucosa directly. Due to the small size of the
detected polyps in this series, no histology was obtained
and no polypectomy was performed. There is no sufficient
data concerning clinical relevance of these small-intestinal
polyps in FAP patients and necessity for surveillance yet.
Further studies are warranted. Gupta et al. compared CE to
MRE in 19 PJS patients. The two methods showed similar
performance in detection of the polyps of 10 to 15 mm.
However, MRE was more effective in recognition of those
larger than 15 mm [18]. Such a comparison was not made
in our study due to low patient.

One of the limiting features of CE is that it may not detect
periampullary lesions well. In a study of patients undergoing
CE for various reasons, Clarke et al. found 10.4% sensitivity
of CE in showing the major papilla [22]. Duodenal polyps
are usually adenomatous and have a 4–12% cancer risk
[19]. Therefore, side vision endoscopy is recommended for
visualization of periampullary region in FAP patients [22].
Studies investigating the value of MRE in imaging of the 2nd
part of duodenum may be planned.

FAP is a multisystem disorder of growth. Affected indi-
viduals can develop thyroid and pancreatic cancer, hepato-
blastomas, CNS tumors (especially medulloblastomas), and
various benign tumors such as adrenal adenomas, osteomas,
desmoid tumors, and dental abnormalities. Prophylactic co-
lectomy has improved the life expectancy of patients, as a
result of which the prevalence of other manifestations has
increased [23]. In our study population, MRE showed des-
moid, tumors in one patient, and they were surgically re-
moved. MRE may be useful in detection of extraintestinal le-
sions in FAP patients. CE only gives the possibility of inves-
tigating intraluminal space and mucosa. On the other hand
MRE is able to show all layers of the small intestine and it
allows identification of extraluminal pathologies, too [24]. In
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Figure 2: MR enterographic images of the patient 3. On coronal fat-saturated T2- weighted (W) HASTE (a), (b), T1W (c), (d), and contrast-
material-enhanced T1W (e), (f), images show the desmoid tumors (thick arrows: inguinal desmoid tumor; thin arrows: mesenteric desmoid
tumor). The relationship between contrast-material-enhanced mesenteric desmoid tumor and small-bowel loops is clearly seen on the MR
images (arrow, (e)).

this aspect, MRE may be more advantageous than CE in FAP
patients.

In conclusion, both CE and MRE can be used for
screening the small bowel in patients with FAP. CE is
capable of detecting smaller polyps which can be missed
by MRE. However, MRE is superior for detecting larger
polyps with additional advantage of a rapid overview on
mural, perienteric, and extraenteric information. There is no
recent data concerning the clinical significance of detection
of such small polyps. MRE might be the ideal modality for
surveillance for this reason. Therefore, further studies are
needed to clarify this matter.
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[5] J. Björk, H. Åkerbrant, L. Iselius et al., “Periampullary adeno-
mas and adenocarcinomas in familial adenomatous polyposis:
cumulative risks and APC gene Mutations,” Gastroenterology,
vol. 121, no. 5, pp. 1127–1135, 2001.

[6] M. G. Dunlop, “Guidance on gastrointestinal surveillance for
hereditary non-polyposis colorectal cancer, familial adeno-
matous polypolis, juvenile polyposis, and Peutz-Jeghers syn-
drome,” Gut, vol. 51, supplement 5, pp. 21–27, 2002.

[7] G. Costamagna, S. K. Shah, M. E. Riccioni et al., “A prospective
trial comparing small bowel radiographs and video capsule
endoscopy for suspected small bowel disease,” Gastroenterol-
ogy, vol. 123, no. 4, pp. 999–1005, 2002.

[8] C. A. Burke, J. Santisi, J. Church, and G. Levinthal, “The utility
of capsule endoscopy small bowel surveillance in patients with
polyposis,” American Journal of Gastroenterology, vol. 100, no.
7, pp. 1498–1502, 2005.

[9] G. Iaquinto, M. Fornasarig, M. Quaia et al., “Capsule endos-
copy is useful and safe for small-bowel surveillance in familial
adenomatous polyposis,” Gastrointestinal Endoscopy, vol. 67,
no. 1, pp. 61–67, 2008.

[10] A. Postgate, P. Tekkis, A. Fitzpatrick, P. Bassett, and C. Fraser,
“The impact of experience on polyp detection and sizing ac-
curacy at capsule endoscopy: implications for training from an
animal model study,” Endoscopy, vol. 40, no. 6, pp. 496–501,
2008.

[11] A. K. H. Chong, B. W. K. Chin, and C. G. Meredith, “Clini-
cally significant small-bowel pathology identified by double-
balloon enteroscopy but missed by capsule endoscopy,” Gas-
trointestinal Endoscopy, vol. 64, no. 3, pp. 445–449, 2006.

[12] A. Ross, S. Mehdizadeh, J. Tokar et al., “Double balloon en-
teroscopy detects small bowel mass lesions missed by capsule
endoscopy,” Digestive Diseases and Sciences, vol. 53, no. 8, pp.
2140–2143, 2008.

[13] A. Madisch, W. Schimming, F. Kinzel et al., “Locally advanced
small-bowel adenocarcinoma missed primarily by capsule
endoscopy but diagnosed by push enteroscopy,” Endoscopy,
vol. 35, no. 10, pp. 861–864, 2003.

[14] T. Matsumoto, M. Esaki, T. Moriyama, S. Nakamura, and M.
Iida, “Comparison of capsule endoscopy and enteroscopy with
the double-balloon method in patients with obscure bleeding
and polyposis,” Endoscopy, vol. 37, no. 9, pp. 827–832, 2005.

[15] S. Shrot, E. Konen, M. Hertz, and M. Amitai, “Magnetic reso-
nance enterography: 4 years experience in a tertiary medical
center,” Israel Medical Association Journal, vol. 13, no. 3, pp.
172–176, 2011.

[16] G. Masselli, E. Casciani, E. Polettini, and G. Gualdi, “Com-
parison of MR enteroclysis with MR enterography and con-
ventional enteroclysis in patients with Crohn’s disease,” Euro-
pean Radiology, vol. 18, no. 3, pp. 438–447, 2008.

[17] R. Caspari, M. von Falkenhausen, C. Krautmacher, H. Schild,
J. Heller, and T. Sauerbruch, “Comparison of capsule endos-
copy and magnetic resonance imaging for the detection of
polyps of the small intestine in patients with familial ade-
nomatous polyposis or with Peutz-Jeghers’ syndrome,” En-
doscopy, vol. 36, no. 12, pp. 1054–1059, 2004.

[18] A. Gupta, A. J. Postgate, D. Burling et al., “A prospective study
of MR enterography versus capsule endoscopy for the sur-
veillance of adult patients with Peutz-Jeghers syndrome,”

American Journal of Roentgenology, vol. 195, no. 1, pp. 108–
116, 2010.

[19] P. Tescher, F. A. Macrae, T. Speer et al., “Surveillance of FAP:
a prospective blinded comparison of capsule endoscopy and
other GI imaging to detect small bowel polyps,” Hereditary
Cancer in Clinical Practice, vol. 8, no. 1, article 3, 2010.

[20] T. Matsumoto, M. Esaki, R. Yanaru-Fujisawa et al., “Small-
intestinal involvement in familial adenomatous polyposis:
evaluation by double-balloon endoscopy and intraoperative
enteroscopy,” Gastrointestinal Endoscopy, vol. 68, no. 5, pp.
911–919, 2008.

[21] F. Maccioni, N. Al Ansari, F. Mazzamurro, F. Barchetti, and
M. Marini, “Surveillance of patients affected by Peutz-Jeghers
syndrome: diagnostic value of MR enterography in prone and
supine position,” Abdominal Imaging. In press.

[22] J. O. Clarke, S. A. Giday, P. Magno et al., “How good is capsule
endoscopy for detection of periampullary lesions? Results of
a tertiary-referral center,” Gastrointestinal Endoscopy, vol. 68,
no. 2, pp. 267–272, 2008.

[23] E. J. Groen, A. Roos, F. L. Muntinghe et al., “Extra-intestinal
manifestations of familial adenomatous polyposis,” Annals of
Surgical Oncology, vol. 15, no. 9, pp. 2439–2450, 2008.

[24] S. Feuerbach, “MRI enterography: the future of small bowel
diagnostics?” Digestive Diseases, vol. 28, no. 3, pp. 433–438,
2010.



Hindawi Publishing Corporation
Gastroenterology Research and Practice
Volume 2012, Article ID 717408, 4 pages
doi:10.1155/2012/717408

Clinical Study

Capsule Endoscopy in Patients with Cardiac Pacemakers and
Implantable Cardioverter Defibrillators: (Re)evaluation of
the Current State in Germany, Austria, and Switzerland 2010

Dirk Bandorski,1, 2 Ralf Jakobs,3 Martin Brück,4 Reinhard Hoeltgen,5

Marcus Wieczorek,5 and Martin Keuchel6
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Background and Aims. The study was a repeated evaluation of the experience of capsule endoscopy (CE) in patients with cardiac
pacemaker or implantable cardioverter defibrillator (ICD). Patients and Methods. A standardized questionnaire was sent by the
manufactors Given Imaging and Olympus to all centers in Germany, Austria, and Switzerland providing capsule endoscopy service.
The questionnaire covers the number of examined patients, monitoring during CE, check of the electric implants before and after
CE, occurrence of arrhythmia, quality of CE video, complications, indication of CE, and type of institution. Results. Overall 580
questionnaires were sent to the users. 26/5% (Germany/Austria + Switzerland) of the questionnaires were sent back anonymously
to the authors. 114 centers (82 hospitals, 11 surgeries, 21 without specification) replied. In 58 centers (51%), patients with cardiac
pacemaker (n = 300) and ICDs (n = 80) underwent uneventful capsule endoscopy. The predominant indication (patients with
CP 97%, patients with ICD 100%) was mid gastrointestinal bleeding. Conclusion. The results of our inquiry show that in spite of
formal contraindication CE is increasingly applied in bleeding patients with cardiac pacemakers/ICDs and seems to be safe even
in a large cohort.

1. Introduction

During the last decade, capsule endoscopy (CE) has become
an established tool for the investigation of the small intestine.
However, the US Food and Drug Administration (FDA) as
well as the manufactors Given Imaging and Olympus contin-
ue to recommend not using CE in patients with cardiac pace-
makers and implantable cardioverter defibrillators (ICDs).
Our in vitro investigations [1, 2] and several retrospective
cohort studies [3, 4] did not reveal interference between
capsule endoscopy and several types of pacemakers or ICDs,
respectively. A survey in 2004 documented that CE had been
applied in Germany in some patients with implanted cardiac
devices in spite of formal contraindication and appeared to

be safe [3]. In the meantime, two additional investigations
for possible interference between CE and PMs or ICDs
were published [5, 6]. This present survey reevaluates the
clinical practice concerning CE in patients with pacemakers
and ICDs in Germany. Additionally, centers in Austria and
Switzerland were included. Furthermore, the influence of
relevant publications on the use of CE in patients with pace-
makers and ICDs is evaluated.

2. Methods

A standardized questionnaire was prepared and sent by
Given Imaging and Olympus to all their customers running
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Table 1: Results.

Number of
hospitals/outpatient clinics

(n = 58)

Control of cardiac device before CE

Yes 16 (G)

No 34 (G =33, A/S = 1)

No reply to this question 8 (G = 7, A/S = 1)

Control of cardiac device after CE

Yes 28 (G = 27, A/S = 1)

No 27 (G = 26, A/S = 1)

No reply to this question 3 (G)

ECG during CE

Yes 29 (G = 28, A/S = 1)

No 24 (G)

No reply to this question 5 (G = 4,A/S = 1)

CE on ICU

Yes 8 (G = 7, A/S = 1)

No 47 (G)

No reply to this question 3 (G = 2, A/S = 1)

Disturbance of video

Yes 4 (G)

No 54 (G = 52, A/S = 2)

Interference of pacemaker/ICD

No 58

Arrhythmias

Yes 2 (G; SVES, VES)

no 56 (G = 54, A/S = 2)

Other complications

Yes 0

No 57 (G = 56, A/S = 1)

No reply to this question 1 (A/S)

Indication of CE

Bleeding 54 (G = 52, A/S = 2)

Inflammatory bowel disease 1 (G)

Other 2 (G)

No reply to this question 1 (G)
All (with und without application of CE, n = 114)

Type of institution
(all G : 109, A/S : 5)

Hospital 82 (G = 78, A/S = 4)

Outpatient clinic 11 (G)

No reply to this question 21 (G = 20, A/S = 1)

Modification of application of CE

Yes 30 (G)

No 44 (G = 43, A/S = 1)

No reply to this question 40 (G = 36, A/S = 4)

CE: capsule endoscopy, ECG: electrocardiogram, ICU: intensive care unit,
G: Germany, A: Austria, S: Switzerland.

capsule endoscopy systems in hospitals and outpatient clinics
in Germany (G), Austria (A), and Switzerland (S). The cen-
ters were asked to answer the 9 (A, S) or 10 questions (G),
respectively, within 6 weeks anonymously. Corresponding to
the survey in 2004 [3], the items polled included the number

of CE performed in patients with pacemakers and ICDs,
check of the devices before and after CE, monitoring during
CE (ECG, intensive care unit), possible interference between
CE and cardiac pacemakers/ICDs, observed arrhythmias
during CE, adverse events during CE, indication for CE, the
influence of publications on the application of CE in patients
with pacemakers and ICDs, and finally country and type
of institution (hospital/outpatient clinic). The questionnaire
in Germany additionally evaluated the participation of the
center in our survey of the year 2004.

3. Results

Given Imaging and Olympus sent a total of 580 question-
naires, 483 questionnaires in Germany (Given Imaging: 312
hospitals, 129 outpatient clinics; Olympus: 42 hospitals) and
97 questionnaires in Austria and Switzerland (Given Imag-
ing: Austria 13 hospitals, Switzerland 39 hospitals, 24 outpa-
tients clinics; Olympus: Austria 13 hospitals, Switzerland 7
hospitals, 1 outpatient clinics). The return of questionnaires
amounted to 22.6% in Germany (109 of 483 questionnaires),
in Austria and Switzerland to 5% (5 of 97 questionnaires).
Fifty-eight centers (51%) used CE in patients with pacemak-
ers or ICDs, 82 of them were hospitals (72%, G = 78, A/S = 4)
and 11 outpatient clinics (10%, G). Twenty-one of the users
did not reveal their type of institution (18%; G = 20, A/S =
1). In this survey, the number of reported CE patients with
a pacemaker is 300 (Germany n = 286, Austria/Switzerland
n = 14); the cumulative number of reported CE patients with
an ICDs is 80 (Germany n = 75, Austria/Switzerland n = 5).
Monitoring was done before CE in 16 patients (G), during
CE in 29 (G = 28, A/S = 1), and after CE in 28 patients (G =
27, A/S = 1), respectively. In 8 clinics, patients underwent CE
on the intensive care unit (ICU). Impairment of the quality
of the CE video, artefacts or recording gaps of the video
after installation of telemetry, was reported by 4 clinics. In
two patients (supra-/ventricular) premature beats without
clinical symptoms were observed. No complications were
reported. Prevailing indication for CE was obscure GI bleed-
ing (97% of the patients with a pacemaker, all patients with
an ICD).

Twenty-six percent of the physicians reported that their
decision to perform CE in patients with a pacemaker or an
ICD had been positively influenced by relevant publications.
No change in the approach to these patients was reported by
39% of the physicians, and 35% did not give further details
to this question (Table 1). Three of the physicians (2.7%)
had participated in our survey in the year 2004, 90 (86.6%)
answered this question negatively, and 16 (14.7%) provided
no information.

4. Discussion

Several studies and case reports about interference between
pacemakers and ICDs have been published since our survey
in the year 2004 [2, 4–9].

One group reported about interference with pacemakers
and ICDs [10, 11]. For their in vivo and in vitro studies,
a dedicated test cap (Given Imaging, Yoqneam, Israel) was
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used to simulate radio transmission of a PillCam. This test
cap caused the pacemaker to revert to noise-mode function
(VOO- or DOO-Mode) and provoked oversensing of ICDs.
However, these findings could not be reproduced by others
when using original capsule endoscopes in vitro and in
vivo, and several case reports and series reported uneventful
capsule endoscopy in an increasing number of patients
with pacemakers or cardioverters. Furthermore, interference
between CE (Given Imaging) and pacemakers seems to be
impossible from a technical point of view (low emitted
power of CE) even if CE and pacemakers/ICDs are in close
proximity (personal communication by Professor Dr. Silny,
head of research center for electromagnetic environment
compatibility, RWTH Aachen, Germany, based on confiden-
tial technical data provided by Given Imaging). Summarizing
the existing data, it may be concluded that CE seems to
be safe even in the presence of implanted cardiac devices
[12]. Correspondingly, 26% of the physicians reported in
this survey that recent publications had reassured them not
to withhold CE from these patients anymore, regardless of
pacemakers and ICDs still being a formal contraindication.

A limitation of the present survey is the lack of informa-
tion concerning the types and brands of the pacemakers and
ICDs. However, increasing the time load to answer a more
detailed questionnaire might have further decreased the low
response rate. On the other hand, a detailed analysis of all
different pacemaker and ICD device types in selected high-
volume centers showed no clinically relevant interference
between 19/8 types (pacemakers/ICDs) from 7 different
brands and PillCam or Endocapsule systems [13].

In this survey, indication for CE was almost exclusively
obscure gastrointestinal bleeding. This is similar to the re-
sults of the 2004 survey but different from other series on
caspule endoscopy in unselected patients, where GI bleed-
ing accounted for approximately 66% of indications [14].
Although not included in the questionnaire, it might be sus-
pected that patients with implanted cardiac devices might
be older and more frequently suffer from comorbidity and
require anticoagulants and thrombocyte aggregation inhibi-
tors, thus provoking GI bleeding.

Although CE does not seem to influence cardiac devices
in clinical practice, four clinics report about interference
of CE (artefacts, stopping of recording of the video) after
instillation of telemetry. In a retrospective multicenter inves-
tigation, interference (artefacts, impossibility to document
CE images) between CE and telemetry occurred in two cases
[13]. Reasons for this interference are disturbances on the
same frequency as CE. Many wireless applications use the
frequency of 434 MHz (transmission range of CE). Remark-
ably these interferences do not occur permanently. Distur-
bances between CE and telemetry could possibly explain the
interferences with impairment of the CE video in the studies
of Guyomar et al. [15] and Bandorski et al. [3].

Monitoring or tests of the implanted devices before and
after CE were performed only by half of the physicians. Al-
though this fact limits the power of the present study to de-
tect asymptomatic arrhythmias, it demonstrates physicians’
confidence into the safety of CE, thus avoiding presumably

unnecessary precautions or potential disturbance of CE vid-
eos.

Despite of the low response rate in this survey, the
number of included patients with pacemakers and ICDs who
underwent CE increased to 380 compared to 53 in our last
survey in the year 2004. As only three physicians stated in the
2010 survey that they had participated in the 2004 inquiry
(where 28 physicians had performed CE in patients with
cardiac devices), the total number of patients might further
be underestimated.

In spite of limited details provided by the present survey,
this largest cohort of patients with a pacemakers or implant-
ed cardioverter undergoing an uneventful capsule endoscopy
adds further evidence to support its safety.
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Wireless capsule endoscopy (WCE) offers a feasible noninvasive way to detect the whole gastrointestinal (GI) tract and revolution-
izes the diagnosis technology. However, compared with wired endoscopies, the limited working time, the low frame rate, and the
low image resolution limit the wider application. The progress of this new technology is reviewed in this paper, and the evolution
tendencies are analyzed to be high image resolution, high frame rate, and long working time. Unfortunately, the power supply
of capsule endoscope (CE) is the bottleneck. Wireless power transmission (WPT) is the promising solution to this problem, but
is also the technical challenge. Active CE is another tendency and will be the next geneion of the WCE. Nevertheless, it will not
come true shortly, unless the practical locomotion mechanism of the active CE in GI tract is achieved. The locomotion mechanism
is the other technical challenge, besides the challenge of WPT. The progress about the WPT and the active capsule technology is
reviewed.

1. Introduction

Most diseases such as bleeding, ulcer, and tumor can be cured
or controlled in their early stages, or they will deteriorate
into cancer or some other vital diseases [1]. Diagnosing
these diseases in their early stages is of great importance,
but it is not easy. Many indirect technologies have been
developed to detect GI tract diseases such as angiogra-
phy, ultrasonography, X-radiography (including CT), and
scintigraphy. Unfortunately, they were reported to have low
diagnostic yields even for bleeding detection [2, 3] or be
rarely helpful unless the bleeding is active severely [4].

The best way to detect GI diseases and uncover the inner
works is directly viewing the GI tract, so the endoscopy
is a direct and effective diagnostic technology [5]. The
invention of wired endoscopy made it possible to view the
entire stomach, the upper small intestine, and colon. Because
of the ability of allowing clinicians to directly view the
GI tract, endoscopy has become the standard method and
the criteria for diagnosing GI diseases in clinic. However,
limited by physical reasons, the traditional invasive wired
endoscopy cannot examine the whole GI tract, leaving

the small intestine as a dead zone. They are inconvenient
and cause intense pain for patients. Furthermore, they can
increase the risk of intestine perforation and the chances of
cross-contamination.

In 2000, a new kind of endoscopy, wireless capsule
endoscopy (WCE), was reported by Given Imaging Com-
pany. The WCE system constitutes of four parts including the
capsule endoscope (CE), the data receiving box, the working
station, and the application software. The CE is 11 mm in
diameter and 30 mm in length, which is small enough to be
swallowed by patients easily. During its travelling through
the GI tract with the peristalsis, the CE images the GI tract.
The images are transmitted wirelessly outside of patient’s
body and received by the receiving box which is tied to
patient’s waist. The CE is powered by a cell battery, which
can keep working continuously up to 6 hours [6, 7]. The
first clinical trial was carried out in 2001 [8]. The usage
of WCE technology is convenient and safe, and the entire
GI tract is examined without dead zones. Such endoscopy
is a realistic alternative to traditional invasive endoscopy
and revolutionizes the methods of diagnosing the GI tract
diseases.
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The WCE has bloomed into an important diagnosis
technology in clinic based on its assets. It has irreplaceable
effects especially on the small intestine diagnosis and is
mainly used to diagnose bleeding, ulcer, tumour, and others.
Many kinds of WCE have been developed so far, and several
commercial WCE products are available in the market.
However, the limited working time, the low frame rate, and
the low image resolution of WCE limit the wider application.
Therefore, the tendencies of this novel technology are toward
the high frame rate, high image resolution, and long working
time. In the mean time, the CE locomotion now is passive,
and so its position cannot be controlled, which is the main
drawback of the WCE technology. The active CE, namely
the capsule robot, is the next important tendency of WCE.
Aiming at the tendencies, the research work that scientists
are engaged in can be classified into four technologies:
the technology of CE, the technology of image processing,
the technology of wireless power transmission (WPT), and
the technology of locomotion mechanism of the active CE.
The image processing technology can be separated from
the technology of WCE, and so it will not be introduced
here. In this paper, the progress of the WCE technology will
be summarized. The tendencies of WCE evolution and the
relevant technical challenges will be analyzed. Finally, the
progress of WPT and locomotion mechanisms of active CE
is reviewed.

2. Overview of Swallowable Capsule Endoscopy

2.1. Early Wireless Swallowable Capsule and Wired Endoscopy.
The main physiological parameters of GI tract, which con-
cern physicians, are pH value, temperature, pressure, oxygen,
and conductivity. These physiological parameters change
slightly and regularly within a certain value range. Therefore,
the information of physiological parameters can reflect the
pathologic changes and consequently is helpful for early
diagnosis.

The first swallowable parameter capsule was developed
in 1950s to measure the pressure information in the small
intestine of patients with dysentery [9–11]. After that, the
temperature parameter capsule [12] and the pH parameter
capsule [13] were developed. However, limited by the
electronic technology, these parameters capsules had low
integrated level, bad performance, and prohibitive costs.
Therefore, it is hardly for them to be applied in clinic.

Germany Heidelberg Medical Inc. developed the first
commercial pH parameter capsule detection system. The
capsule, which is 7.1 mm in diameter and 15.4 mm in length,
can keep working in GI tract for 6 hours. This device is used
to diagnose the gastric hyperacidity, the anachlorhydria [14].
In 2002, American Medtronic Company released another
wireless pH capsule system, which is named Bravo. This sys-
tem is mainly used to diagnose the gastric acid reflux disease
[15]. A new multiparameter capsule system named SmartPill
was developed by American SmartPill Company. SmartPill
has the capability of measuring the pressure, temperature,
and pH value of GI tract at one time. Now, this product has
gotten the FDA (Food and Drug Administration) license.

The physiological parameters capsule measurement
devices are helpful for early diagnosis and prophylactic
treatment. However, these kinds of swallowable capsule are
indirect diagnosis technology with low reliability. The best
way to diagnose GI diseases is directly viewing the GI tract
wall. The invention of the wired endoscopy made visual-
ization of the entire stomach, upper small intestine, and
colon possible. Since 1950, many kinds of wired endoscope
have been invented and used in the clinical field, such as
gastroscope, esophagoduodenoscope, and colonoscope. The
development history of wired endoscopy can be divided
into four stages: rigid-wire endoscopy, semiflexible lens
endoscopy, fiber-optic endoscopy, and digital endoscopy.
Now, the fiber-optic endoscopy and digital endoscopy are
still the main diagnosis technologies of GI diseases.

The key part of the fibre-optic endoscope is the fibre
bundle, which is used to carry images out. The fibre bundle is
composed of tens of thousands of very fine glass fibers, and
the fine glass fiber can carry the reflected image out. From
1963, Japanese companies began to make the fibre-optic
gastroscope product, and the gastroscope was improved to
be more practicable. Moreover, the biopsies devices were
embedded in this fibre-optic endoscope, so the functions
were widely extended. The digital endoscope tows flexible
and long cables, which carry power, video signal, and
lighting. On the top end of these cables, a microcamera
is assembled. During the examination course, the digital
wired endoscope is pushed into the GI tract, with these
cables. Lighting source through the fibre-optic bundles lights
the GI tract and the microcamera obtains the images for
inspection. Compared with the earlier wired endoscopes,
digital endoscope can get more clear images with higher
image resolution. Moreover, the image can be stored and
processed with computer. This kind of wire endoscope is now
popular in clinic. Now, Welch Allyn Company, Olympus and
Fujinon are successful vendors of digital wired endoscopes.

2.2. WCE and the Commercial Products. Wired endoscopy
provides a practical technology for physicians to view the GI
tract. However, limited by physical reasons, these traditional
invasive endoscopies cannot be pushed through the entire
GI tract, leaving the small intestine as a dead zone. They
are inconvenient and cause intense pain. Further, they can
increase the risk of intestine perforation and the cross-
contamination.

The technological breakthroughs, including semicon-
ductors, integrated circuits, illumination, and the greater
understanding of human physiology, made possible devel-
opment of a new type of endoscopy—wireless capsule
endoscopy (WCE). A typical WCE system contains four
parts: capsule endoscope (CE), receiving box, image working
station, and software application, as shown in Figure 1 [16].
The CE is an electronic microsystem, which can be ingested
to image the GI tract and transmit the images outside of the
patient’s body.

After reporting the first WCE system in 2000, the Given
Image Company released the first commercial WCE product
system M2A in Yoqneam, Israel [6]. The CE of the system
is 11 mm in diameter and 26 mm in length, which is small
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Figure 1: A typical WCE system.

enough to be swallowed by the patient. The CE is composed
of 7 main models including optical dome, short-focus lens,
CMOS (complementary metal oxide semiconductor) image
sensor, RF (radio frequency) transmitter, MCU (microcon-
trol unit), LED (light emission diode) lighting, and cell
battery, as shown in Figure 2. After the CE is swallowed by
patients, it will go through the entire GI tract with the natural
peristalsis. During this course, the optical dome can plump
up the intestine wall without requiring air inflation. In the
mean time, the micro CMOS image sensor images the GI
tract, and the RF model transmits the images outside of
patient’s body at the frame rate of 2 f/s (frames per second).
The images are received by the receiving box outside and
showed in PC workstation. After the examination, the CE
is vented out naturally. The CE is powered by a cell battery,
which allows more than 6 hours of continuous working. The
first human clinical trial was carried out in 2001, and the
FDA was issued to M2A in August 2001 [7, 8, 17]. Such WCE
offers a convenient examination with minimal preparation
and immediate recovery. It is a realistic alternative to
traditional wired invasive endoscopy and revolutionizes the
methods of inspecting the GI tract.

The name of M2A was changed to PillCam (means
Pill and Camera) later. In 2005, Given Imaging developed
two distinct WCE systems: PillCam ESO specially for the
esophagus [18] and PillCam SB specially for the small
intestine [19], as shown in Figure 3. The two kinds of CEs
have the same architecture and the same working principle
to M2A. PillCam SB is 11 × 26 mm of outline and weights
less than 4 g, and its continuous working time is 7 ± 1 hours.
PillCam ESO has the same dimensions to PillCam SB and
is equipped with miniature cameras on both ends. During
the five-minute examination of passing down the esophagus,
PillCam ESO has the capability of capturing 18 images per
second, and its continuous working time is 20 ± 5 minutes.
PillCam SB and PillCam ESO are replaced now by the second
generations, which integrate advanced optics and automatic
light control and so can provide optimal image quality and
illumination.

1 Optical dome
2 LED
3 Short-focus lens
4 CMOS image sensor

5 RF model
6 MCU
7

1 2 3 4 5

6

7

Power model

Figure 2: The architecture of CE.

Figure 3: PillCam SB and PillCam ESO.

PillCam COLON is another product of Given Imaging,
which specially aims at visualization of the colon mucosa
and detecting polyps. After FDA Rejected PillCam Colon
application in USA in 2008, Given Imaging developed the
second-generation PillCam COLON 2 and received a CE
Mark in 2009 and was commercially available in Europe in
2010. PillCam COLON 2 is equipped with two image sensors
on both ends and provides a near 360◦ view of the colon.
It measures 11 × 31 mm. The most outstanding character
of PillCam Colon 2 is the bidirectional communication
between the CE and the data recorder. Therefore, the image
capture rate can be adjusted in real time from 4 f/s up to 35 f/s
to maximize colon tissue coverage and can keep working
approximately for 10 hours.

Beside Given Imaging, Olympus Optical Company is
another main vendor of WCE. Olympus received the first
major patents in 1981 and released its WCE named Endo-
Capsule in Hamburg, Germany in 2005 [20], which measures
11 × 26 mm. Unlike M2A, this CE is equipped with six white
LEDs and a supersensitive CCD (charge-coupled device)
image sensor, so it is reported to generate high-resolution
images, and the working time in the GI tract can be 8 hours.
The latest capsule endoscope from Olympus was reported to
have the ability to activate and deactivate itself, but this kind
of capsule endoscope is not freely available on the market.

Since the initial launch of M2A, several kinds of WCE
were developed, and all of them operate on the same prin-
ciple. OMOM was released by Chinese Chongqing Jingshan
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Company and received its sFDA in March 2005. The CE size
is 11 × 25.4 mm with a field of view of 140◦. The frame rate
is 2 f/s, and the longest operation time is 6∼8 hours. Now, it
is widely used in Chinese hospital [21, 22]. MicroCam was
released by IntroMedic Company in Seoul, Korea, in April
2007. The CE size is 11 × 24 mm with a field of view of 150◦.
The highest frame rate can be 3 f/s, and the longest operation
time reaches more than 11 hours [23, 24]. In 2001, RF System
Lab released an optimal CE model of Norika. In the design
model, Norika is 9 × 23 mm of outline and is equipped with
CCD image sensor with the frame rate of 30 f/s. Its four
illumination LEDs have different light wavelengths, which
can generate simulative 3D images. The focus of the camera
lens can be adjusted to obtain more clear images. The most
salient characteristic of Norika is the in vivo drug delivery and
sample extraction. To tackle the power requirement, Norika
is powered wirelessly [25].

2.3. Advantage and Limitation. WCE is applied more and
more not only because of its convenience and being pain-
free, but also because of its clinical effects. Comparing WCE
with push endoscopy, the appearances of GI tract viewed
with WCE were generally similar to those of push endoscopy,
and WCE was significantly superior to push endoscopy in the
identification of bleeding sources in the small intestine [26].
WCE was also significantly superior to push endoscopy when
the total diagnostic yield was analyzed including other GI
tract abnormalities as well as bleeding [2, 4, 5, 27–30]. Over
all, WCE is an effective means of diagnosing GI tract with
high diagnostic yield and reliability. In addition, it is the only
imaging method that can provide color images of the lower
small intestine painlessly. Furthermore, not considering the
cost, patients prefer WCE to traditional push endoscopy.

Nevertheless, there are limitations to WCE. Firstly, the
picture quality is not as good as the best quality of flexible
wired video endoscopy. The frame rate with the capsule is
lower (2–18 v 25 f/s). The image resolution of 256 × 256
is not satisfied, and the light intensity cannot yet respond
to altering requirements. Secondly, most of these existing
CEs are powered by cell batteries, because of the limited
power supply, and few of these CEs can keep working for
more than 8 hours. Nevertheless, for a patient with GI
tract disease, it needs greatly more than 8 h for diagnosing;
otherwise, the small intestine is still not examined when
the cell battery runs out of power. Finally, the move of CE
is passive, and its location cannot be controlled, so lesions
cannot be repeatedly examined. Therefore, WCE is still an
immature technology, and technical improvements need to
be encouraged.

3. The Progress Tendency and
Technical Challenges

The WCE technology has been applied in clinic successfully,
especially in the small intestine diagnosis. However, com-
pared with wired endoscopy, the limited working time less
than 8 h, the low frame rate of 2 f/s, and the low image
resolution of 256 × 256 limit the wider application. Not only

the working time is absolutely limited by the power supply
of the CE, but the image resolution and the frame rate are
also limited by the power supply. The parts, which consume
most power, include the image sensor, the MCU, and the RF
module. Now Given Imaging Company and Chinese Hitron
Company in Hangzhou do not use the general IC chips to
design the CE. They customized an exclusive IC chip that
integrates the MCU module and RF module. Thus, the bulk
of the IC chip is decreased significantly, the power consumer
of the CE is decreased dramatically, and consequently the
working time of the CE is extended to more than 15
hours. However, it is not enough. If improving the image
resolution and the frame rate, the power consumer will
increase significantly, and the working time will be decreased
dramatically. Therefore, the power supply limitation is still
the bottleneck for mature WCE system.

One tendency of this novel technology is towards the
high frame rate and high-resolution images. The living GI
organs are constantly moving, and so the frame rate of
2 f/s is obviously not enough for diagnosing the details of
GI tract organs. The ideal frame rate of WCE is as high
as video WCE. Now, some video WCE systems have been
developed, and the CE can transmit GI tract images with
the frame rate of 30 f/s in NTSC video format [31]. On
the other side, the image resolution of 256 × 256 is not
satisfied compared with wired endoscopy, and the image
resolution cannot be too higher any more. However, the
high frame rate and high image resolution consequently
bring much more power needed which is beyond any cell
battery can supply. In order to reduce the image data for
the high image resolution and high frame rate, some new
image compression algorithms were developed for video CE
[32, 33]. However, the complex compression algorithm is
not suitable for the tiny and low-power CE, and the effects
are limited. Wireless power transmission (WPT) is the right
solution for this problem, but it is not easy, and so it is one
big technical challenge.

The wireless electric power transmission system is based
on electromagnetic induction. Such WPT system has been
successfully applied in TET (transcutaneous energy trans-
mission) systems to provide power for some implanted
artificial organs [34–36]. But the existing technology for
TET systems is not suitable for WCE. In TET systems,
the transmitting coils (TCs) and receiving coils (RC) are
placed as nearly as possible, and the distance between them
is not more than 20 mm. However, the TC and RC in
WCE system are placed out and in the body, and the
distance between them is 50 mm∼150 mm. The longer the
distance is, the weaker the transmitting electromagnetic field
becomes, so the electric power generated in RC is very
limited. Additionally, the RC and TC in TET systems are
placed immovably, so their relative position and the RC’s
orientation are fixed, while the position and orientation
of the RC in WCE system is changing constantly with
the advancing of the CE in the GI tract. Therefore, the
mismatching of the moving RC and the TC will reduce
the induced electric power. Theoretically more powerful
magnetic field can be generated by increasing the electric
power of the TC and so increase the electric power in RC.
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While this device is used in human body, and increasing
highly the magnetic field will do harm to human body.

Another tendency of WCE progress is the active CE,
namely, the capsule robot. Now in the existing WCE system,
after being swallowed, the CE travels ahead with the GI
tract natural peristalsis, and so the CE locomotion is passive.
Consequently, the position cannot be controlled, which is
the main drawback of the WCE technology. Because of the
passive locomotion of the CE, the focus of disease cannot
be viewed repeatedly. Moreover, the passive locomotion
is the bottleneck of the novel CE with various functions
including biopsy and drug delivery. The active CE will be
the next generation of the passive CE. Nevertheless, the
locomotion of the active CE in GI tract is another big
challenge besides of the power supply difficulty. The GI tract
is a very difficult environment for active locomotion. The
tissue is normally soft and viscoelastic, and it is very difficult
for the moving active CE not to harm the tissue. The GI
morphology varies along the GI tract, and consequently, the
direction of movement will be up and down, besides ahead
and back. Moreover, the surface is slippery and varies in
thickness and viscosity along the different tracts. Therefore,
the locomotion mechanism is the other technical challenge.
Some researchers embedded a magnetic actuator in the CE
and used a strong magnetic field outside to control the
CE to move [37–39]. This kind of self-propelled CE needs
a complex actuating system and is hard to use in clinic.
Furthermore, the examination is limited and professional,
which conflicts with the convenience of WCE. Therefore, it
is just the transitional one, not a real active CE.

The high frame rate and high image resolution are the
tendency of the CE progress, but the WPT is the big technical
challenge. The active CE is another progress tendency, and
the active CE can easily integrate new functions such as
biopsy and drug delivery. However, beside the WPT, the
locomotion mechanism of CE in GI tract is another big tech-
nical challenge.

4. The Progress of WPT and
Locomotion Mechanism

A typical wireless power transmission system is shown in
Figure 4, which is the power source of a video WCE system
[31]. No cell battery is equipped in the video CE. The wireless
power supply system contains the outside power transmis-
sion device and the inner power receiving subsystem. The
outside power transmission device is composed of a timing
generator, a circuit driver, and a Helmholtz transmitting coil
(TC). The signal generated by the timing generator is ampli-
fied in the circuit driver and used to drive the Helmholtz TC,
which generates uniform electromagnetic field in the human
body. The power-receiving subsystem is embedded in the CE
and is composed of the rectifier/voltage regulator circuit and
a three-dimensional orthogonal receiving coil (RC) with a
ferrite core. In the changing electromagnetic field, the 3D
orthogonal RC generates inducing current, just like the work
of a transformer. The induced electric current is rectified and
voltage regulated to power the CE.

3D RC

Timing
generator

Power

amplifier
LC loop

Power transmitter

C

Helmholtz coil

Helmholtz coil

Figure 4: The illustration of the power supply system.

The 3 coils perpendicular to each other enable the
RC generate enough power at any orientation. The ferrite
cube core, which can improve the transmission efficiency
significantly [40], is made of Mn-Zn material with high
initial permeability and low loss factor. The TC is a pair
of Helmholtz coils, which consists of two identical circular
magnetic coils that are placed symmetrically and separated
by the distance h equal to the radius R of the coil. Each coil
carries equal electrical current flowing in the same direction.
With the cooperation between Helmholtz TC and the 3D RC,
the wireless power supply system can produce stable power
for the CE, no matter where and what orientation the CE
is [41]. Supplied with the wireless power, the CE has the
abilities of getting images of the GI tract with the image
resolution of 320 × 240, and transmitting the video outside
of body with the frame rate of 30 f/s.

The most salient character of the WPT system for CE is
the mismatching of the moving RC and the TC. Soma Mani
presented a detailed theoretical analysis of misalignment
effects in WPT systems, including lateral and angular mis-
alignments [42]. Kopparthi developed an experiment WPT
system. The power-receiving device was fixed in the TC,
and highest power gotten in the RC is 1 W when the device
was at best condition [43]. However, in this WPT system,
the position and the orientation of the CE changes, and
the inducted current disappears because of the mismatching
between the RC and the TC.

Ryu et al. in Hallym University and his team focused
on the impact of the RC coil turns and the load impedance
matching to the received power in RC [41, 44]. Aiming to
power the CE wirelessly, they designed firstly the 3D RC,
which can reduce the impact of the posture of RC. The power
receiving system, as shown in Figure 5, can generate 300 mW
electric power regardless the orientation of the RC in the
magnetic field. Lenaerts et al. and Carta et al. in Belgium
Katholieke Universiteit Leuven found that the ferrite core
could improve the transmission efficiency significantly. They
developed a wireless power transmission system to power
the active CE, and the 3D RC was reeled around a cube
ferrite core. Using this system, 330 mW electric power was
successfully got in the RC [45–50].
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(a) (b)

Figure 5: 3D receiving coils.

Xin et al. and Guan-ying et al. studied the wireless power
transmission efficiency by the theory of coupling coefficients,
and a WPT system was developed to power the video CE.
They did some study work about the safety of the wireless
electromagnetic wave [51, 52].

Even many creative WPT systems were developed, and
some achievements have been gotten, but it is still a big
technical challenger for WCE. The power generated in the
RC and the transmission efficiency rise steadily with the
frequency and the intensity of the electromagnetic wave.
The bigger the electromagnetic intensity and the higher the
frequency is, the more power the RC can generate. However,
as a kind of conductor, the biological tissue of body also
absorbs the electromagnetic wave, and the absorption has the
same regular law to that of the RC. Consequently, the bigger
the electromagnetic intensity and the higher the frequency
is, the greater damage the human body will get [53]. In
conclusion, the transmission efficiency still conflict with the
safety, but few achievements about the safety study have
been gotten. Therefore, more creative WPT and more safety
studies must be achieved before the WPT applies in clinic.

The locomotion of the existing CE is passive. Therefore,
the movement of the CE cannot be controlled, and the
disease focus cannot be viewed repeatedly. Moreover, the
functions of biopsy, drug delivery, and other microsurgery
cannot be integrated in the CE. The active capsule, namely
the capsule robot, is a new prospective instrument expected
to substitute for the traditional endoscope and the capsule
endoscope. The active capsule can go forward, backward, or
stand under the control.

Several prototypes have been developed by researchers
in the last 20 years. Dario and his team in Italy CRIM
(Center for Research In Microengineering) lab developed
an inchworm-like robotic colonoscope, which is driven by
some pneumatic actuators that must carry an air tube
while moving in the GI tract [54–60]. The active robot
colonoscope is 22 mm in diameter and 153 mm in length.
There are many fine holes in the front and hinder sections.
The fine holes can absorb the wall of GI tract by the air

pumping of pneumatic actuators, and so the section can
be controlled to stop. The middle section pushes the front
section and draws the hinder section in phase, and so
the active robotic colonoscope moves ahead. Unfortunately,
this mechanism applies abnormal pressure on the GI inner
wall for enough friction force, which may injure the thin
and vulnerable human tissue. In 2004, this team developed
another active endoscope which is driven by shape memory
alloy (SMA) actuator [61, 62]. The robot capsule has eight
agile bioinspired legs, which are made of SMA. The head of
the active capsule and the microimage sensor are assembled
in an expanded transparent device, which can extent the
view filed. However, the locomotion mechanism cannot
be applied in clinic because the active endoscope with a
piezoelectric linear actuator, or a micromotor, must tow an
electric cable. The cable or an air tube not only decreases the
robot’s flexibility, but also prevents the robot from entering
into the deeper place of the GI tract.

Kim et al. of Korea Institute of Science and Tech-
nology developed another earthworm-like active CE using
microbrushless Dc motors, ionic polymer metal composite
actuator, and SMA. In the prototypes, four spring-type
SMA actuators are selected to be microactuators for active
CE, and four biomimetic clampers are selected to be the
stopping devices. It is 13 mm in diameter and 33 mm in total
length, with a hollow space of 7.6 mm in diameter to house
other parts of CE [63, 64]. However, these kinds of SMA
actuators need to be heated and cooled frequently. In a closed
environment of the GI, the actuator’s cooling speed is very
low, so the robot advances at a very low speed.

Another novel paddling-based locomotive mechanism
was proposed [65–67], which was originated from paddling
a canoe. The synchronized multiple legs of the active CE are
just like the paddles of a canoe. A linear actuator, which is
composed of a micromotor and a lead screw, is selected to be
microactuators. Two mobile cylinders inside of the capsule
are the stopping devices. By the kinematic relation between
the legs and the mobile cylinders, the microrobot can move
forward in GI tract. There are other novel locomotive



Gastroenterology Research and Practice 7

Microtool

Microsyringe

mechanism converter

Signal

Extension DC/DC

Micropump

RF Com.

Minibattery

Stopping
mechanism

Temperature sensor
PH sensor

Micro-optics

Chemical sensor

Figure 6: The concept prototype of the active medical robot.

mechanisms of earthworm-like and inchworm-like proposed
in [68–72].

Several kinds of novel locomotion mechanism have been
proposed, and some active capsule endoscope prototypes
have been developed. However, none of them can move
smoothly with steady pace in GI tract so far, and conse-
quently, there is no locomotion mechanism that can be
applied in clinic as shortly as the alternative for WCE.
Therefore, it is necessary to explore a safe and reliable
locomotion mechanism first before the active CE is practical
in clinical application. The WCE system with high resolution
and high frame rate is the feasible noninvasive diagnoses
technology in clinic so far. Nevertheless, the active medical
robot with multifunctions is the optimal diagnostic and
therapeutic instrument of GI diseases. The function of this
kind of active medical robot is not only limited to the
endoscopy, but also has the functions of biopsy, parameter
sensors, drug delivery, microsurgery, and so on. With the
advance of MEMS (microelectromechanical systems), it will
probably become a reality. A concept prototype of this kind
of medical robot, as shown in Figure 6, is proposed by Korean
IMC (Intelligent Microsystems Center). It is only 10 mm in
diameter and 20 mm in length. The concept prototype inte-
grates the micro-optical images module, the physiological
parameter sensors, the micromechanical arm and pump for
biopsy, drug delivery and microsurgery, and the locomotion
parts. It has the ability of advancing forward and backward,
orientating, stopping, and anchoring itself onto the GI
tract wall under the control outside. It is equipped with a
micromanipulator arm that is able to perform therapeutic
procedures like taking biopsy, microsurgery, and injection.

5. Conclusion

WCE offers a feasible noninvasive way to detect the entire
GI tract and brings about a revolution in the diagnosis
technology of GI diseases. Unfortunately, compared with
wired endoscopies, the limited working time, the low
frame rate, and the low image resolution limit the wider
application. Therefore, the tendencies of the WCE progress

are the WCE with high image resolution, high frame rate, and
long working time. However, the power supply of CE is the
bottleneck of this tendency. WPT is the promising solution
to this problem, but is also the technical challenge. Many
achievements about the WPT technology have been gotten,
but the research efforts are still needed on the safety and
transmission efficiency.

Active CE is another tendency and will be the next
generation of the WCE, but not shortly. The medical
robot, which integrates the multifunctions of the endoscopy,
the biopsy, the drug delivery, and the microsurgery, is
the optimal diagnostic and therapeutic instrument of GI
diseases. However, the locomotion mechanism of it in GI
tract is the other technical challenge, besides the challenge of
WPT. Some novel and imaginative locomotion mechanisms
are proposed, but none of them is practicable to be applied
in clinic. Therefore, the novel and practicable locomotion
mechanism of the active CE in GI tract, as well as the WPT
technology, must be achieved before the clinical application,
which is the premise of the active CE or the medical robot.
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Capsule endoscopy (CE) has been increasingly used for diagnosing disease of the small bowel. It is an attractive technique for
assessing celiac disease (CD) because it is noninvasive and provides a close and magnified view of the mucosa of the entire small
bowel. The aim of this paper is to update the current data on the use of CE for diagnosing villous atrophy and complications of
CD.

Celiac disease (CD) is a chronic autoimmune enteropathy
occurring in genetically predisposed individuals following
ingestion of wheat gluten and related protein fractions of
other grains [1]. CD is the most frequently seen enteropathy
in western countries, and its prevalence is 0.7–2% [2].
Patients present with diarrhea, weight loss, steatorrhea, or
malnutrition syndromes such as anemia and diminished
bone mass due to deficiencies of important nutrients (iron,
folate, calcium, and fat-soluble vitamins) [3]. However, the
increased interest for this pathology over the last 2 decades
allowed diagnosing CD also in those with the silent or
“atypical” form. These patients may present vague and
subclinical manifestations such as dyspeptic symptoms or
esophageal reflux, irritable bowel syndrome, polyneuropa-
thy, or iron deficiency anemia [4]. The analogy of an iceberg
was suggested for CD, meaning that only a small portion of
patients with classic symptoms are diagnosed, whereas the
majority of asymptomatic individuals or subjects with mild,
nonspecific symptoms remain undiagnosed and untreated
[5]. On the other hand, growing body of evidence shows
that early diagnosis and treatment can reduce the risk of
malignant complications, such as lymphoma [6].

The first step in pursuing a diagnosis for CD is a sero-
logical test. Serologic tests, particularly the immunoglobulin
A (IgA) antiendomysial (AEA) and the IgA tTGA, have
become a relatively sensitive and specific way to initially
detect CD. Many studies demonstrate a specificity of IgA
tTGA greater than 95% and a sensitivity in the range of

90%–96%. AEA has a slightly lower and variable sensitivity
but an excellent specificity (99,6%). Although the sensitivity
and specificity of these tests are high, false-negative results
can occur in mild enteropathy and in patients with IgA
deficiency [7]. By contrast, antigliadin antibody (AGA) tests
are no longer used routinely because of their lower sensitivity
and specificity. However, a second generation AGA test
(Deamidated Gliadin Peptide (DGP)) yielded far higher
diagnostic accuracy (sensitivity 94 percent, specificity 99
percent) [8].

Genetic testing may be helpful for the diagnosis. It is
well known that CD is strongly associated with specific HLA
class II genes known as HLA-DQ2 and HLA DQ8 located on
chromosome 6p21. Most CD patients (around 90%) express
HLA-DQ2 and the remaining patients are usually HLA DQ8
positive. However, it is well known that only around 3–
5% of DQ2- or DQ8-expressing patients actually develop
CD. Thus, HLA DQ2 or HLA DQ8 is necessary for disease
development but not sufficient. Non-HLA genes contribute
more than HLA to the CD genetic background. However,
this predisposition depends on a multitude of genes, each of
them adding only a modest contribution to disease develop-
ment. Several genome-wide studies have implicated strong
candidate regions for alternative susceptibility loci including
11p11, 5q31, and 19q13.4 [9].

The gold standard for the diagnosis of CD is histopathol-
ogy of the small bowel. A small intestinal biopsy, which
typically shows villous atrophy, increased intraepithelial
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lymphocytes and hyperplastic crypts in patients with CD
[10]. Endoscopic markers suggestive of CD are reduction in
number or loss of Kerckring’s folds, mosaic pattern, scalloped
folds, and visibility of the underlying blood vessels. These
signs cannot reliably predict CD. The reported specificity
for endoscopic markers ranges from 87% to 100% but this
markers are considered to lack sensitivity with a reported
range from 50% to 94% [11, 12]. Recognition of endoscopic
signs of CD could help to select patients for biopsy and avoid
delays in the diagnosis of the disease, preventing long-term
complication.

Duodenal biopsy may be limited by patient’s aversion
to undergo upper gastrointestinal (GI) endoscopy, especially
in asymptomatic patients; other limitations include the
difficulty of obtaining adequate and properly oriented tissue
samples, the occurrence of patchy mucosal lesions that can
be missed by the biopsy, and, in some cases, the most severe
mucosal changes occur in the jejunum, which is not accessi-
ble to conventional upper GI endoscopy [13].

Capsule endoscopy (CE) is a diagnostic imaging method
used in several intestinal diseases [14–22]. It produces high-
quality images of the small bowel mucosa, with an eightfold
magnification and has been shown to be superior to other
diagnostic tools for the diagnosis of a variety of diseases,
including refractory CD [17, 23–30]. The main advantages
of CE are that it is noninvasive, it images the entire length
of the small bowel, and it is able to detect minute mucosal
details, including changes in intestinal villi.

There are frequently published studies on the role of CE
in the diagnosis of CD. In general, most endoscopic markers
of CD as described in literature are seen with greater clarity
by CE. At CE, the mucosa in CD may appear scalloped. The
mosaic appearance of the mucosa is also apparent. In CD, the
villi may appear shortened and thickened, layered or stacked
folds. In addition to general mucosal pattern, CE can easily
recognize finger-like villi [22, 31]. We observed scalloping of
the folds, mosaic pattern, nodularity, and layering of folds in
CE of our patients with CD (Figure 1).

Petroniene et al. showed that the extent of bowel involve-
ment appears to correlate with the severity of symptoms
[10]. Rondonotti et al. exploited the capability of the CE
to evaluate the longitudinal extent of mucosal involvement
beyond the duodenum and its correlation with clinical and
biochemical parameters [32]. In fact, Murray and colleagues
demonstrated that the length of bowel involved did not
correlate with the mode of symptomatic presentation in
patients [33].

A few studies have been published comparing duodenal
biopsy and CE regarding the villous atrophy occurring in
intestinal mucosa in CD (Table 1) [32, 34–38]. Petroniene et
al. compared 10 CD patients with histologically proven vil-
lous atrophy with 10 control patients with normal histology.
Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of CE in diagnosing villous
atrophy were 70%, 100%, 100%, and 77%, respectively [34].

Hopper et al. showed that 17 out of 20 patients with CD
had villous atrophy also were detected by CE. In this paper,
the sensitivity, specificity, PPV, and NPV for CE in recog-
nising villous atrophy were 85%, 100%, 100%, and 88.9%,

respectively. Upper GI endoscopy detected endoscopic mark-
ers consistent with CD in 16 out of 20 CDs with a
sensitivity, specificity, PPV, and NPV of 80%, 100%, 100%,
and 85.7%, respectively. CE was more sensitive than con-
ventional endoscopy in identifying endoscopic markers, but
the difference observed did not achieve statistical significance
[35]. Rondonotti et al. compared CE with duodenal biopsy in
patients with signs and/or symptoms suggestive of CD and
positive serology. CE was reported to have a sensitivity of
87.5% and specificity of 90.9%, with PPV, and NPV of 96.5%
and 71.4%, respectively, and positive and negative likelihood
ratios of 9.6 and 0.14, respectively [32].

Biagi et al. did not confirm this data. In this study, the
authors evaluated whether there was a correlation between
the degree of villous atrophy at the histology and CE
results. CE findings regarding the degree of small bowel
mucosal atrophy showed only a moderate agreement with
the histologic pattern, with a high sensitivity (90.5%–95.2%)
but a low specificity (63.6%). PPV was 100% and NPV
ranged 77.8% and 87.5% [36]. Maiden et al. compared
CE with histological specimens of proximal small bowel in
patients with CD who had failed to respond to a gluten-free
diet. CE was reported to be normal in ten (53%) cases,
have mild-moderate changes in three (16%) cases, and have
moderate-severe changes in six (31%) cases. Endoscopy
demonstrated concordance with histological changes in 14 of
the 18 patients with histology available (78% concordance).
Compared with distal duodenal biopsy, CE showed sensitiv-
ity 67%, specificity 100%, PPV 100%, and NPV 60% [37].

Lidums et al. compared suspected CD patients (positive
celiac serology and normal duodenal histology) and known
CD patients (positive celiac serology and villous atrophy),
with CE, whether these patients have any endoscopic markers
of CD. In this paper, the sensitivity, specificity, PPV, and NPV
for CE in recognising villous atrophy were 93%, 100%, 100%,
and 89%, respectively [38].

In our study, 8 untreated patients who had AEA positive
and duodenal biopsy results consistent with CD were
evaluated. We have shown that CE provided no diagnostic
contribution to CD when compared with duodenal biopsy
[22].

CE also may be helpful in patients with CD with symp-
tomatic relapse or refractory CD and in elderly patients with
atypical symptoms or chronic iron deficiency anemia [39].
Culliford et al. showed that, among 47 patients with com-
plicated CD, almost 50% had lesions detected by CE. One
adenocarcinoma was identified; however, ulceration was
common [40].

The complications of long-standing CD include lym-
phoma, ulcerative jejunitis, and adenocarcinoma. Conse-
quently, those patients develop a recurrence of diarrhea,
fever, abdominal pain, or evidence of GI bleeding. These
complications are often not identifiable by conventional
imaging modalities as they are located beyond the site reach-
able by traditional endoscopy. CE should be performed early
when these symptoms occur [31]. CE has been reported to
be able to demonstrate intussusceptions, ulcerative jejunoil-
eitis, lymphoma, and adenocarcinoma in patients with CD
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Figure 1: Capsule endoscopy images of celiac disease. (a) scalloping; (b) mosaic pattern; (c) micronodularity; (d) layering of folds.

Table 1: Summary of the trials sensitivity, specificity, PPV, NPV of capsule endoscopy in celiac disease.

Study n Country Sensitivity Specificity PPV NPV

Petroniene et al. [34] 10 Canada 70% 100% 100% 77%

Hopper et al. [35] 21 UK 85% 100% 100% 88.9%

Rondonotti et al. [32] 32 Italy 87.5% 90.9% 96.5% 71.4%

Biagi et al. [36] 26 Italy 90.5–95.2% 63.6% 100% 77.8–87.5%

Maiden et al. 37] 19 UK 67% 100% 100% 60%

Lidums et al. [38] 22 Australia 93% 100% 100% 89%

PPV: positive predictive value, NPV: negative predictive value.

[31, 41, 42]. It is unclear which group of patients who
have CD should undergo surveillance by CE to detect these
malignancies. The authors suggest that candidates include
elderly patients recently with CD. In addition, individuals
diagnosed in childhood, who are rediagnosed as adults, may
be at increased risk of adenocarcinoma [31].

In conclusion, CE provides diagnostic images of the
small bowel mucosa in patients with CD. At present, CE
offers an alternative to duodenal biopsy in patients unable

or unwilling to undergo conventional upper GI endoscopy.
In addition, CE should be considered in elderly patients with
a new diagnosis of CD or those patients with persistent or
relapsing symptoms.
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Purpose. Although esophageal capsule endoscopy (ECE) is reportedly useful in the diagnosis of esophageal varices (EV), few reports
have described the benefits of this technique in Asian countries. The present paper evaluates the usefulness of ECE for diagnosing
EV in Japanese patients with cirrhosis. Methods. We examined 29 patients with cirrhosis (20 males and 9 females; mean age 60
years; Child-Pugh classification A/B/C; 14/14/1) using ECE followed by esophagogastroduodenoscopy (EGD). High-risk EV were
defined as F2 and/or RC2 and above. Results. The sensitivity and specificity of ECE for the diagnosis of high-risk EV were 92% and
80%, respectively. Conclusions. The findings showed that ECE is a highly sensitive method of diagnosing high-risk EV that requires
endoscopic or pharmacological therapy. Thus, ECE might be a useful method for the screening and followup of EV in patients
with cirrhosis.

1. Introduction

Esophageal varices (EV) arise when the hepatic-venous pres-
sure gradient reaches >10–12 mmHg [1], and they comprise
a serious complication of portal hypertension. The reported
incidence of EV ranges between 5% and 12% [2], but about
90% of patients with cirrhosis will develop EV. The estimated
annual rate of conversion of small EV to large EV in such
patients is 12% [3]. Furthermore, between 25% and 30%
of EV in cirrhotic patients will bleed. Despite advances in
the management of acute variceal bleeding [4, 5], mortality
rates after bleeding from EV remain at around 20% at 6
weeks. Primary prophylaxis with pharmacological agents or
endoscopic treatment has been adopted to reduce mortality
associated with variceal bleeding [6–8]. However, treatment
with beta blockers and/or endoscopic band ligation is useful
for the primary prophylaxis of variceal bleeding only in some
patients with high-risk EV [1, 8–10]. Therefore, endoscopic
screening is required to detect high-risk EV in patients with
liver cirrhosis so that appropriate prophylactic treatment can
be initiated [8, 10].

Esophageal capsule endoscopy (ECE) diagnostic systems
(PillCam ESO; Given Imaging, Yokneam, Israel) enable visu-
alization within the digestive tract including the esophagus,
without the need for the administration of sedatives. If
proven feasible and accurate for diagnosing EV in liver
cirrhosis, this system could become an alternative method to
standard upper gastrointestinal endoscopy.

Several reports have indicated that ECE can provide clear
images of esophageal diseases, including Barrett’s esophagus
and esophagitis [11–14], and that it is useful for detecting EV
[5, 13, 15]. However, few such reports have been generated
from Asian countries, including Japan. Thus, the present
prospective study assessed the feasibility and accuracy of ECE
in diagnosing EV in Japanese patients with liver cirrhosis.

2. Patients and Methods

The present study compares the diagnostic accuracy of
ECE for detecting EV compared with that of conventional
esophagogastroduodenoscopy (EGD), which is the current
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gold standard for the EV diagnosis. Esophageal varices were
recorded according to the general rules of the Japanese
Society for Portal Hypertension [16] (Table 1). Endoscopic
signs predictive of EV bleeding comprised moderate or large
(F2 or F3) blue varices with marked red signs (RC2 or RC3)
on their surface [17, 18]. According to the retrospective
calculations of Imazu et al., these signs correspond to a
bleeding risk of ≥64% [19]. Therefore, we defined high-risk
varices as F2 and/or RC2 and above. The EGD reference and
ECE findings were compared.

All of the enrolled patients had cirrhosis and some
had suspected EV. The inclusion criteria were aged ≥18
years, prior endoscopic confirmation of EV and currently
under clinical surveillance, or suspected portal hypertension
with current endoscopic screening for EV. The exclusion
criteria comprised a history of, or current dysphagia, known
esophageal diverticulum, known or suspected intestinal
obstruction, pregnancy, a history of gastrointestinal surgery
other than uncomplicated cholecystectomy or appendec-
tomy, having an implanted cardiac pacemaker or any other
electromedical device and any condition that might pre-
clude compliance with the study and/or the PillCam ESO
instructions. The study proceeded in accordance with the
ethical principles outlined in the Declaration of Helsinki, in
compliance with good clinical practice and according to the
Jikei University School of Medicine’s regulations. The study
protocol was approved by the Ethics committees of the Jikei
University School of Medicine for biomedical research and
institutional review boards. Written informed consent was
obtained from all patients who met the inclusion criteria and
agreed to participate in the study.

The patients fasted for at least 8 hours before undergoing
ECE and EGD using a modification of the simplified
ingestion protocol (SIP) [20]. Briefly, because EGD was
started immediately after the patients had swallowed the
ECE, pronase (proteases) was administered and then a data
recorder including a recorder belt and sensor array was then
attached to the patients. When the system was secured in
place, seated patients ingested up to 50 mL of a mixture
of water and liquid dimethicone (dimethylpolysiloxane) to
reduce bubbles inside the esophagus. The patients then lay
in the right lateral decubitus position and sipped water
(approximately 15 mL per sip) before swallowing the ECE.
The patient remained in the same position for 7 min
and sipped water every minute. Pharyngeal anesthesia was
applied to supine patients before being returned to the
right lateral decubitus position for EGD. The ECE was the
removed using a basket clamp where possible.

All findings generated using the ECE were reviewed
by three experienced endoscopists who were blinded to
each patient’s history, with the exception of liver cirrhosis.
All findings were documented as digital thumbnails. The
examiner also documented the times of the first esophageal
and gastric images so that the esophageal transit time could
be determined. The examiner assessed the video for the
presence or absence of EV and any EV present were graded
using the Japanese endoscopic classification system [16].

Accuracy was assessed for the form of EVs detected and
the presence of red signs. Rates of agreement between ECE

Table 1: General rules for recording endoscopic findings of
esophagogastric varices, as published by the Japanese Society for
Portal Hypertension (2004) [16].

Form (F) Shape and size

F0: lesions assuming no varicose appearance

F1: straight small-calibered varices

F2: moderately enlarged, beady varices

F3: markedly enlarged, nodular, or tumor-shaped Varices)

Red color sign (RC)

Red wale marking, cherry Red Spot, hematocytic spot

RC0: absent

RC1: small in number and localized

RC2: intermediate between 1 and 3

RC3: large in number and circumferential

Table 2: Patients’ background. ALLC, alcoholic liver cirrhosis; CLC,
HCV-related liver cirrhosis; HCC, hepatocellular carcinoma; LC,
liver cirrhosis NBNC, non-B, non-C liver cirrhosis; PBC, primary
biliary cirrhosis.

Number 29

Age (mean (range)) 66.0 (46–78)

Sex (male/female) 20/9

Underlying disease

CLC 5

ALLC 4

NBNC 2

PBC 1

LC + HCC 17

Child-Pugh class

A/B/C 14/14/1

and EGD, as well as the sensitivity and specificity of ECE,
were determined.

3. Results

(1) Patients’ backgrounds are shown in (Table 2). All 29 of
the enrolled patients with cirrhosis (mean age, 66.0 ± 8.7
years; male, n = 20; female, n = 9) could ingest the capsule
without difficulty, and no technical problems developed.
None of the capsules were retained in the esophagus. Ten
of the patients were under surveillance for EV, whereas the
remaining 19 were undergoing screening. Nine patients had
undergone previous endoscopic sclerotherapy. The median
ECE transit time was 256.1 s (range, 4–917 s). The EGD
findings indicated that of 22 patients with EV, 14, 14, and one
had Child-Pugh classifications of A, B, and C, respectively.
The ECE and EGD findings from 28 patients were assessed
because the ECE did not reach the esophagogastric junction
in one of them.

(2) Comparison of the accuracy of ECE and EGD in
grading forms (F) of esophagogastric varices. The rates of
agreement between the two techniques for F0, F1, F2, and
F3 were 83%, 80%, 67%, and 66%, respectively.
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Figure 1: Images acquired using esophageal capsule endoscopy show (a–c) form (F) and (d–f) red (RC) signs of esophagogastric varices
(EVs). Examples of EVs classified as F1 (a), F2 (b), and F3 (c), as well as RC0 (d), RC1 (e), and RC2 (f).
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Figure 2: Images from a patient with good agreement between EGD (a) and ECE (b). This patient was classified as F1RC2 using both
techniques.

(3) Comparison of the accuracy of the grading of red
(RC) signs in esophagogastric varices by ECE and EGD.

The rates of agreement between the two techniques for
RC0, RC1, RC2, and RC3 were 90%, 33%, 27%, and 0%,
respectively.

(4) Sensitivity and specificity of ECE for diagnosing EV
(Table 3 and Figures 1–3). The sensitivity and specificity of
ECE for diagnosing EV were 95% and 83%, respectively,
whereas those of ECE for diagnosing RC on the variceal sur-
face were 94% and 82%, respectively. Finally, the sensitivity
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Figure 3: Images from a patient with poor agreement between EGD (a) and ECE (b). Varices were classified as F3RC1 by EGD (a), but as
F2RC2 by ECE (b).

Table 3: Sensitivity and specificity of ECE for diagnosing EV.

Detection of high-risk varices (F2 and/or RC2 �)

Sensitivity 92% (=12/13)

Specificity 80% (=12/15)

Detection of RC sign

Sensitivity 94% (=16/17)

Specificity 82% (=9/11)

Detection of esophageal varices

Sensitivity 95% (=21/22)

Specificity 83% (=5/6)

and specificity of ECE for diagnosing high-risk EV requiring
endoscopic therapy were 92% and 80%, respectively.

Figures 2 and 3 show images from patient in whom
results obtained with ECE and EGD agreed and conflicted,
respectively.

4. Discussion

Esophageal varices comprise one of the most serious com-
plications of portal hypertension. Merli et al. [3] reported
a 5% and 15% risk of hemorrhage from small and large
EV, respectively. Two-thirds of bleeding EV will rebleed
at some point, with a cumulative mortality of 33% [3].
Both the American Association for the Study of Liver
Diseases (AASLD) and European liver societies recommend
endoscopic screening for EV in patients with chronic liver
diseases such as cirrhosis [21, 22].

Some reports have documented the application of ECE to
screening for EV. For example, the pilot study of 32 patients
by Eisen et al. found that the sensitivity and specificity ECE
compared with EGD for evaluating EV was 100% and 89%,
respectively [5]. Furthermore, Lapalus et al. found that ECE
detected grade 2 EV and/or red signs in all of 21 patients
that required primary prophylaxis [15] and Ramirez et al.
reported that the accuracy of their string ECE for diagnosing
EV and portal hypertension in patients with chronic liver

disease was excellent [23]. In another study of 20 patients
with cirrhosis who underwent ECE followed by EGD, the
sensitivity of ECE for detecting EV was 68%, and ECE
identified nine of 10 EV that had been rated grade 2 or higher
on EGD [24]. Thus, the discrepancy between EGD and ECE
appears greater when detecting smaller varices. Among 50
patients who underwent both ECE and EGD, the accuracy
of ECE to determine the need for prophylaxis was 74%,
with a sensitivity of 63% and a specificity of 82% [25].
A recent multicenter study of 288 patients found that the
overall agreement between EGD and ECE for detecting EV
was 85.8% and that the sensitivity and specificity of ECE was
84% and 88%, respectively [26]. In that study, the difference
in the diagnosis of EV between the two techniques was 15.6%
in favor of EGD. Finally, a French multicenter study of 120
patients found that the sensitivity and specificity of ECE
for the indication of primary prophylaxis of 77% and 88%,
respectively [27].

The sensitivity and specificity of ECE for a diagnosis
of EV were 95% and 83%, respectively, compared with
94% and 82%, respectively, for the diagnosis of RC signs
on the variceal surface. The sensitivity and specificity of
ECE for the diagnosis of high-risk EV were 92% and 80%,
respectively. Therefore, ECE can sensitively discriminate
high-risk EV that require pharmacological or endoscopic
therapy. Furthermore, ECE might be useful for the screening
and followup of EV in patients with cirrhosis.

We used a modified SIP. Although the transit time was
only 4 seconds in one of the patients, EVs could still be
thoroughly examined because 56 images of the esophagus
were acquired. Therefore, difficulties with analyzing ECE
images are most often associated with esophageal secretions
rather than with a short transit time. Eisen et al. reported that
a major limitation of using ECE to grade EV was related to
the lack of air insufflation [5]. However, given that grading is
usually overestimated when using ECE compared with EGD,
we believe that ECE can be used to grade EV.

We found a tendency to overestimate RC signs; in
particular, RC1 was diagnosed as RC2. However, the findings
around the esophagogastric junction taken by the ECE are
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probably true considering the clarity of the images, unlike
those acquired using EGD.

Delvaux et al. examined 98 patients using ECE, but the
capsule did not enter the stomach of 15 patients during a 20-
minute recording period [28]. The capsule did not reach the
esophagogastric junction in only one patient in the present
study and was probably trapped in her stomach because
the patient was lying down during both the ECE and EGD
procedures.

A newer ECE model, namely, the PillCam ESO II (Given
Imaging, Yokneam, Israel), has been developed that is
supposed to acquire clearer images than the previous version.
However, the data from the present study suggest that the
PillCam ESO is sufficient for detecting EV. Further studies
should determine differences in images obtained by the two
ECE systems.

Abbreviations

ECE: Esophageal capsule endoscopy
EGD: Esophagogastroduodenoscopy
EV: Esophageal varices.
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Aim. To evaluate capsule endoscopy in terms of incomplete examinations and capsule retentions and to find risk factors for these
events. Material and Methods. This retrospective and consecutive study includes data from 2300 capsule enteroscopy examinations,
performed at four different hospitals in Stockholm, Sweden from 2003 to 2009. Results. The frequency of incomplete examinations
was 20%. Older age, male gender, suspected, and known Crohn’s disease were risk factors for an incomplete examination. The
PillCam capsule had the highest rate of completed examinations. Capsule retention occurred in 1.3% (n = 31). Risk factors for
capsule retention were known Crohn’s disease and suspected tumor. Complications of capsule retention were acute obstructive
symptoms in six patients and one death related to complications after acute surgical capsule retrieval. Conclusion: Capsule
endoscopy is considered a safe procedure, although obstructive symptoms and serious complications due to capsule retention
can be found in a large series of patients.

1. Introduction

Capsule endoscopy (CE) has facilitated and improved vis-
ualization of the small bowel mucosa. Since its first introduc-
tion by Iddan et al. [1], the method has been routinely
used primarily in cases of obscure gastrointestinal bleeding
(OGIB) and in the evaluation of patients with known or
suspected Crohn’s disease (CD). Several studies have shown
the superiority of detecting small bowel lesions with CE com-
pared to other diagnostic modalities with these indications
[2–6].

To perform a high quality examination and maximize the
diagnostic yield, the entire small bowel needs to be visualized
[7, 8]. Only an average of 83.5% of the examinations are
completed, with completion defined as the capsule reaching
the caecum during the recording time [9]. This indicates a
limitation of the method since the distal part of the intestine
remains unexamined in some patients. Prokinetic drugs,

as well as purgatives, have been evaluated to improve the
completion rate but were shown to be ineffective [8, 10,
11]. There is currently no validated scale to evaluate bowel
cleanliness and no common guideline for bowel preparation
although poor views, especially in the distal part of the small
intestine, are considered a limitation [8, 10, 12, 13].

Capsule retention is the most feared complication of CE
[14] and is defined as the presence of the capsule endoscope
in the digestive tract for a minimum of 2 weeks or more, or
when the capsule is retained indefinitely in the small bowel
unless a targeted medical or surgical intervention is initiated.
Several studies have recently addressed capsule retention [9,
12, 15–17]. It is important to differentiate capsule retention
from incomplete examination, meaning that the capsule did
not reach the caecum during the recording time and delayed
transit, which is when the capsule is harboured in the same
part of the intestine for more than 2 hours [14], which might
be difficult to identify in the small intestine. In the general
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population, the risk of capsule retention ranges from 1.4% to
2.5% [15, 16] and in patients with known CD a 13% risk has
been observed [17]. The most common reasons for capsule
retention are CD, obstructive tumor, and diaphragm disease
due to the side effects of nonsteroid anti-inflammatory drugs
[9, 15, 17, 18]. Patients with OGIB are considered to be at the
lowest risk for capsule retention, and patients with a history
of obstructive symptoms are at the highest risk [14, 17].
Radiological methods, though improving over time, cannot
rule out the possibility of an intestinal stricture [19, 20]. A
method for detecting strictures by means of a soluble test
capsule has been developed (Agile Patency Capsule, Given
Imaging), and results so far have been promising [21]. CE
is considered a safe procedure, and, even in cases of capsule
retentions, obstructive symptoms due to impaction of the
capsule or serious adverse advents following surgical removal
of the capsule are rare [7, 9, 13, 15].

This retrospective study included all patients undergoing
CE in Stockholm and Gotland Counties in Sweden between
2003 and 2009. The primary aim of the study was to evaluate
CE in terms of incomplete examinations and capsule reten-
tions in a large unselected population by including all CE
per zformed during these years. Our secondary aim was to
characterize the clinical outcomes of patients with capsule
retention.

2. Material and Methods

This study comprised 2300 small-bowel CE examinations
performed at 4 different hospitals in Stockholm, Sweden
between June 2003 and December 2009. All CE studies
performed in Stockholm County, consisting of 2 million in-
habitants, during this time period were included.

The introduction of CE started at Stockholm Söder Hos-
pital (Center 1) in June 2003. At this hospital, the Given
PillCam SB capsule endoscope (Given Imaging, Yokneam,
Israel) was used, and 1473 (77%) of the investigations were
carried out using this system. Karolinska University Hospital
(Center 2) started CE examinations 4 years later (June 2007)
and used the Olympus capsule endoscope (Olympus, Tokyo,
Japan). At this hospital, 490 (23%) of the examinations
were performed. Ersta Hospital (Center 3) also started in
June 2007, and at this hospital 302 CE examinations were
performed using the Given PillCam SB system. Danderyd
Hospital (Center 4) started CE examinations in August
2009, using the MiroCam capsule device (Intromedic, Seoul,
Korea) and performed 35 examinations by the end of 2009.

All centers contributed data on the total number of
CE examinations that were performed as well as data on
age, gender, indications, view, and findings in patients with
incomplete examinations. Centers 1 and 2 (n = 1963, 85% of
the all CE examinations) also contributed these facts for all
patients receiving CE during the study period.

Indications for CE were OGIB, known or suspected CD,
suspected tumor and others. Tumor, was suspected when a
previous radiological examination, mainly computer tomog-
raphy, had raised the suspicion or in cases with a clinical
suggestion of malignancy, such as weight loss, unexplained

fever, laboratory findings, and symptoms pointing towards
malignancy. “Other” indication included diarrhea, coeliac
disease, and abdominal pain.

All medical charts and records of the patients referred for
CE were reviewed by a gastroenterologist. If the indication
for the CE was bleeding, all patients must have had at least
one negative upper endoscopy and one normal colonoscopy
at a concurrent time. In cases of suspected or known
CD, contraindications such as symptoms of small bowel
obstruction or known strictures were ruled out. Radiological
exclusion of strictures by means of enteroclysis, MRI, or CT
was not required before CE.

Patient preparation included a liquid diet the day prior to
the CE examination and nothing by mouth from midnight.
After swallowing the capsule, the patients were allowed liquid
food after 2 h and an ordinary diet after 4 h. No laxative
was given. In a few patients in which slow gastric transit
was highly likely (diabetics, inward-patients, patients on opi-
oids, and patients with a previous CE where the capsule re-
mained in the stomach during the whole recording time)
a real time viewer was used 1 h after ingesting the capsule,
and in the case of visualized gastric mucosa, gastroscopy was
performed, and the capsule was manually placed in the duo-
denum using a Roth-net.

In those patients where the capsule did not reach the
cecum and excretion was not witnessed, an abdominal X-
ray was obtained about 2 weeks later. Especially during the
first years of use, this routine was not always followed, and
in those cases patients were classified as “lost” in this study.
If the patient witnessed spontaneous passage, the X-ray was
cancelled.

Capsule retention was defined as the capsule visualized
inside the small intestine by radiological examinations two
weeks after CE or found during abdominal surgery in
an obstructed part of the small intestine. Patients with a
confirmed, indefinitely retained capsule were mostly referred
for surgery and in all cases were closely followed up. Before
surgery was initiated, a new radiological control of the
retained capsule was usually done, and in a few cases the
capsule had passed spontaneously, even after several months
of retention, and these patients were excluded from the
capsule retention group. The remaining patients with capsule
retention are presented in detail in this study. The CE studies
were read by gastroenterologists and, to keep the method in
fewer hands, no more than two gastroenterologists at each
center were involved.

To identify risk factors for capsule retention and incom-
plete CE examination, a multivariable analysis using logistic
regression was made. In this analysis, only patients from
Centers 1 and 2 were included since the data of age, gender,
and indications for CE were not known for patients with
complete CEs at Centers 3 and 4. In this analysis, we
also distinguished patients with previously known CD from
patients with a suspicion of CD.

To find out if there were any differences between the
two most used capsule systems, Olympus and PillCam, we
compared the completeness of examinations between Center
1 (using only PillCam) and Center 2 (using only Olympus
capsule). Only patients with OGIB as an indication for CE
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were compared in order to avoid interference of different
management between the two centers involved. Also OGIB
is the indication least likely to give rise to capsule retention
[14]. At both centers, CE is the next examination done after
negative gastroscopy and colonoscopy of good quality in the
case of OGIB. Both centers used the same preparation and
scheme, as described above, during the examination day.
Pearson’s chi-square tests were used for calculating the signi-
ficance.

Statistics were calculated using PASW Statistics 18 (IBM
Corporation, Somers, USA). The level of significance was set
at 0.05, two sided, for all analyses.

This study was approved by the Regional Ethical Review
Boards in Stockholm (no. 2010/1819-31/3).

3. Results

A total of 2300 CE examinations were performed in Stock-
holm County between June 2003 and December 2009. CE
failed because of technical failures in 6 patients (all PillCam
SB), and these patients were excluded. 5 patients were unable
to swallow the capsule and declined endoscopic placement
of the capsule into the stomach. The overall indications for
CE (known for all patients from Centers 1 and 2, n = 1957,
85% of all CE examinations) were as follows: bleeding source
(n = 1034, 53%), suspected CD (n = 577, 29%), known
CD (n = 152, 8%), tumor (n = 118, 6%), and others (n =
78, 4%). The mean age was 51 years (range 2–99 years)
and 57% were female (n = 1117). The diagnostic yield was
55%.

3.1. Incomplete Examinations. A total of 463 (20%) examina-
tions were incomplete, meaning that there was failure of the
capsule to reach the caecum during the recording time (8–
11 h depending on the capsule system). The mean age of
patients with incomplete examinations was 53 years (range
6–99 years), and 53% were female. Indications for CE were
OGIB (n = 208, 45%), known or suspected CD (n =
191, 41 %), tumor (n = 46, 10%), and others (n = 18,
4%). The most common finding was CD (n = 104, 22%
of examinations). Other findings were slow gastric transit
where the capsule remained in the stomach for the whole
recording time (n = 63, 14%), vascular disease (n = 37,
8%), tumor (n = 20, 4%), and others (n = 74, 17%).
164 (35%) examinations were normal. 77 (17%) patients
were lost for followup after incomplete CEs. The diagnostic
yield was 51%.

3.2. Risk Factors for Incomplete Examination. The risk of in-
complete examination (analysed for patients from Centers 1
and 2) was higher for male patients with an odds ratio of
1.34 (1.08–1.67, P = 0.009) and increased with age with
an odds ratio of 1.02 per year (1.01–1.02, P < 0.001). The
odds ratio for an incomplete examination was significantly
elevated for patients with both suspected and known CD,
suspected tumor, and other indication compared to OGIB
(Table 1).

Table 1: Odds ratio of obtaining an incomplete CE for different
indications (adjusted for age and gender).

Diagnose Odds ratio Significance 95% C.I

OGIB 1 — —

Suspected CD 1.45 P = 0.018 1.06–1.96

Known CD 3.74 P < 0.001 2.52–5.58

Tumor 1.81 P = 0.006 1.19–2.76

Other 2.051 NS 1.15–3.66

3.3. Capsule Retentions. Capsule retention was found in 31
(1.3%) patients (Table 2). The mean age was 51 years, and
47% were female. Indications for CE in this group were
OGIB (n = 10, 32%), known or suspected CD (n = 16,
52%), tumor (n = 4, 13%), and others (n = 1, 3%). Findings
were CD (n = 15, 48%), tumor (n = 6, 19%), stricture (non-
CD; n = 4, 13%), erosions (n = 2, 6%), on-going bleed-
ing (n = 1, 3%), and normal findings (n = 3, 10%). In
27 patients, the capsule was removed surgically and, in one
patient, by means of double-balloon enteroscopy. Two of
the patients still have the capsule retained after 2 years of
expectation. One patient with CD and a stricture had the
capsule retained for 2.5 years, and thereafter spontaneous
passage occurred. During this time, the patient was treated
with TNF-alfa-antibodies.

Severe obstructive post-CE symptoms were reported
from seven patients. Symptoms of obstruction appeared 0–
4 weeks after the CE-examination. In six of the patients,
intestinal obstruction with the capsule remaining in the
affected area was confirmed by radiology, and in the seventh
patient the capsule was found proximal to the obstruction.
The surgical procedures were performed as acute or semia-
cute, 1-2 days after the radiology examination in six patients.
One patient had a radiological confirmed capsule retention,
and in this case surgery was performed acute without a
new radiology confirmation when the obstructive symptoms
appeared. In all seven patients obstructive intestinal disease
was found during surgery, but in three of the patients no
capsule was found. The clinical evaluation was that CE had
contributed to onset of the acute obstructive symptoms in six
of the seven patients.

Postoperative complications were reported in 3 of the
27 operated patients and two of them died a few days after
surgery. The first patient had widespread malignant disease
and died of multiorgan failure at the intensive care unit. The
second patient was a 53-year-old man in whom acute surgery
was performed due to obstructive symptoms. In this case, CD
and strictures were found, and a small bowel resection was
performed. He seemed to recover well and was released from
the hospital five days later. Six days after surgery he suddenly
collapsed at home and was dead on arrival to the hospital.
Postmortem showed rupture of the anastomosis.

3.4. Risk Factors for Capsule Retention. The risk of capsule
retention (analysed for patients from Centers 1 and 2) was
not correlated to gender (P = 0.19) or age (P = 0.14). The
highest risk was found in patients with previously known CD
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Table 2: Patients with capsule retention.

Nr Age/gender∗
Indication
for CE

Findings in
CE

Acute
obstruction

Findings in surgery
Outcome after one

year

1 53/M OGIB CD No CD and stricture Well∗∗

2 28/M OGIB
Ongoing
bleeding

Yes

Lymphoma, capsule
found but not
responsible for
obstruction

Died two months
later (rupture of

anastomosis)

3 77/F OGIB Normal No Lymphoma
Died two month
later (widespread

disease)

4 81/F OGIB Stricture No Stricture (radiation) Regress of bleeding

5 75/M Tumor Normal No Adenocarcinoma Well

6 59/M OGIB Normal No
Stricture of
anastomosis

Well

7 40/M Other Tumor No
Metastasis of
teratoma

Lost for followup

8 34/M OGIB Tumor No Adenocarcinoma
Dead (wide-spread

disease)

9 43/F CD? CD Yes CD, stricture Well

10 14/F Known CD
CD and
stricture

No CD, stricture Well

11 64/F OGIB Stricture No Stricture (radiation) Well

12 78/F Tumor
Intestinal
dilatation

Yes

Adenocarcinoma—
widespread, capsule
found in the
stomach

Died 4 days
post.op

(Multiorgan-
failure)

13 73/F Tumor Erosions No Stricture Lost for followup

14 18/M Known CD CD, stricture No CD, stricture Well

15 53/M Known CD CD, stricture Yes
CD, stricture,
capsule not found

Died 6 days
post.op (rupture of

anastomosis)

16 32/M Known CD CD Yes CD, stricture Well

17 23/M Known CD CD, stricture No

Declined retrieval,
capsule retained 2
years then passed
out

Well

18 58/F Known CD CD, stricture Yes CD, stricture Well

19 79/F OGIB Stricture No
Stricture
(radiation), capsule
not found

Well

20 16/M Known CD CD No
Declined retrieval
before, op now
planned

Well (2,5 years)

21 48/M CD? CD No
No, declined
retrieval

Well (2 years)

22 64/M OGIB CD, stricture No CD, stricture Abdominal pain

23 67/F Known CD CD Yes
CD, ileus
(adhesions)

Well

24 49/F CD? Stricture No Stricture (radiation) Well

25 53/M OGIB Tumor No

Capsule retrieved by
means of DBE∗∗∗,
PAD =
adenocarcinoma

Well

26 33/F Known CD CD, stricture No CD, stricture Well

27 67/M Known CD CD, tumor No Adenocarcinoma Well

28 38/F Known CD CD No CD, stricture Well
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Table 2: Continued.

Nr Age/gender∗
Indication
for CE

Findings in
CE

Acute
obstruction

Findings in surgery
Outcome after one

year

29 63/F CD? Erosions Yes

Stricture
(radiation),
perforation, capsule
not found

Well

30 48/M Known CD Erosions Yes
CD, stricture,
capsule not found

Well

31 50/M Tumor Tumor No
Metastasis of
teratoma

Well

∗
M: Male, F: Female, ∗∗Well: no clinical symptoms such as bleeding, abdominal pain, or diarrhea, ∗∗∗Double balloon enteroscopy.

Table 3: Odds ratio of capsule retention of the capsule for different
indications (adjusted for age and gender).

Diagnose Odds ratio Significance 95% C.I

OGIB 1 — —

Supected CD 0.76 NS 0.18–3.08

Known CD 9.39 P < 0.001 3.32–26.54

Tumor 3.88 P = 0.026 1.18–12.81

Other 3.99 NS 0.80–19.87

with an odds ratio of 9.39 (3.32–26.54, P < 0.001) compared
with OGIB. Suspected tumor as the indication for CE was
also connected to a higher risk of capsule retention (Table 3).

3.5. Differences in Completeness between the Capsule Systems.
At Center 1, using the PillCam capsule, 695 of 842 examina-
tions due to OGIB were completed (82.5%). The mean age
was 60 years. At Center 2, using the Olympus capsule, 144
of 195 examinations due to OGIB were completed (73.9%).
The mean age was 59 years. The difference in completeness
of examination was statistically significant (P = 0.005).

4. Discussion

Capsule endoscopy has been a routine, first-line method
to evaluate the small bowel since it was initiated about 10
years ago. It has been validated in a large number of studies,
and, even though other methods for reaching the distant
part of the small intestine have been developed, it is still
widely used, probably because it has high sensitivity [22]
and user-friendly management. We believe there is a need to
continuously validate a method, especially when it achieves
widespread use. This large study evaluating all CE investiga-
tions over a six-year period in Stockholm County shows a
low rate of retentions affecting, in particular, patients with
known CD or suspected tumor. The overall prognosis and
outcome of the patients with capsule retention due to a
benign disease were good although one fatal case occurred
as a result of surgical capsule retrieval.

The total number of CEs and complete data on patients
with an incomplete CE were available from all hospitals,
but complete data on all patients undergoing CE were only

possible to obtain from Centers 1 and 2 (which performed
85% of all the CE examinations). It is a weakness of this
study that these data from Centers 3 and 4 are missing when
calculating the odds ratios of incomplete examination and
capsule retention. However, it is unlikely that the missing
data would have had a great impact due to the relatively low
number of CEs performed at these centers.

Slow gastric transit with the capsule harboured in the
stomach for the entire recording time was found in 14% of
incomplete examination cases and was obviously a factor
lowering the success rate. Use of prokinetics has not been
shown to improve gastric transit times [8, 10]. A more
frequent use of a real time viewer with manual placement of
the capsule in the duodenum, in the case of gastric retention,
may improve the possibility of complete transit.

Male gender and older age were identified as risk factors
for incomplete examination, but these factors were not of
statistical significance when considering capsule retention.
Older age comes with higher risk of concomitant diseases like
diabetes, and this could be an explanation for age as a risk
factor.

The two most common capsule systems were compared
in terms of completed examinations. The PillCam capsule
was superior to the Olympus capsule in this aspect. We could
not find any obvious reason for this difference between the
two capsule systems.

Follow up of patients with capsule retention showed
overall good recovery in patients with nonmalignant disease.
In most patients, capsule endoscopy contributed to the
diagnosis, and patients were relieved from symptoms due to
tumors or strictures after surgery. However, one patient, a
53-year-old man with CD, died because of a rupture of the
anastomosis six days after surgery. This is probably a rare
case, since CE has been proven safe in numerous studies
[7, 9, 13, 19] but reflects the risk of serious adverse events
in a large series of patients.

Acute or semiacute surgery was performed in seven
cases due to obstructive symptoms in patients with capsule
retention. Rather surprisingly, the capsule was not found
during surgery in three of these patients. One theory is
that the capsule caused symptoms while passing through
the stricture. The capsule might also have returned to a
more proximal position in the small intestine. The clinical
conclusion was that CE had contributed to onset of acute
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obstructive symptoms in at least six of the seven patients
although the underlying disease of course was the main
reason for intestinal obstruction. Obstructive symptoms due
to impaction of the capsule were reported in other studies but
at a lower frequency [13, 15, 23]. This study indicates that it
might be more common than previously thought.

In this study, known CD was the indication of highest risk
for capsule retention which is in accordance with previous
literature [9, 17]. Suspected tumor was also shown to be a
risk factor. In a large multicenter study, findings of tumors
were shown to be associated with capsule retention in
9.8% [18]. In the case of a stricturing tumor, the patient
usually needs surgery anyway, and the capsule then can be
removed. A stricture in a patient with CD could have been
asymptomatic and still prevented the passage of the capsule,
[17] and thus, there is a risk of unnecessary surgery if the
capsule has to be removed. On the other hand, CE can be
a way of finding a significant stricture that needs surgical
intervention [24]. The use of a patency capsule before CE
is a method to lower the risk of capsule retention [21] but
also excludes some patients from being diagnosed by CE.
Advantages and disadvantages of CE examination should be
considered carefully, in particular, when high risk patients are
involved.

The most common means of retrieval of the capsule
in this study was surgical; however, in the future, device-
assisted enteroscopy will probably be used increasingly as an
alternative to surgery [23]. Our results also support this man-
agement.

5. Conclusion

Incomplete examination was found in 20% of all CE
examinations and is a major limitation of the method. Cap-
sule retention was found in 1.3% of the CE examinations.
Older age, male gender, known and suspected CD, and sus-
pected tumor are connected to a risk of incomplete CE ex-
amination. Known CD and suspected tumor are also risk fac-
tors for capsule retention. CE has a low complication rate,
but it includes a small risk of obstructive symptoms and a
need for surgical intervention in the case of capsule retention.
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