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Abstract: Small bowel capsule endoscopy is considered a first-line diagnostic tool for the investigation of

small bowel diseases. Gastroenterological and endoscopic societies have proposed and established measures

known as quality indicators, quality measures or performance measures for the majority of endoscopic

procedures, in order to ensure competence, healthcare quality and define areas requiring improvement.

However, there is a paucity of publications describing small bowel capsule endoscopy quality indicators.

Hereby, we attempt to identify and describe a number of pre-procedure, intra-procedure and post-procedure

quality indicators, regarding process measures in small bowel capsule endoscopy, after a comprehensive

review of the literature.
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Introduction

Gastrointestinal endoscopy is an important tool for the diagnosis
of alimentary tract diseases. Since the introduction of the fiber-
optic endoscope, technological advances, complementary tools
and endoscopic techniques, have been continuously evolving.
Maintaining high endoscopic quality requires that procedures
are ordered on the basis of appropriate indications, result in the
recognition or exclusion of a clinically relevant diagnosis and
facilitate appropriate, as well as effective therapeutic options,
while minimizing patient risk (1).

In order to ensure healthcare quality, gastroenterological
and endoscopic societies proposed and established quality
indicators, also known as quality, or performance measures,
for the majority of endoscopic procedures.

Quality indicators are parameters, used for the measurement
of quality of care and services performance (2). They are
categorized as structural, process and outcome measures (2)
and depending on the time period related to the endoscopic
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procedure, they can be divided in pre-procedural, intra-
procedural and post-procedural indicators (1). Their purpose is
to improve care and processes, ensure competency and elucidate
areas that need further research, without however being a direct
measure of quality (2).

Although the available literature describing endoscopic
procedure quality indicators is growing (1,3-10), there is
a paucity of publications regarding small bowel capsule
endoscopy (SBCE) quality indicators, with the only
available report published by the Korean Gut Image Study
Group (KGISG), under the approval of the Korean Society
of Gastrointestinal Endoscopy (KSGE) (11). Hereby,
we attempt to identify and describe a number of capsule
endoscopy quality indicators regarding process measures,
after a comprehensive review of the literature

Methodology

A thorough review of the literature of studies published
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after 2000 was performed using PubMed, in order to
identify articles that describe factors affecting quality in
SBCE. The search for SBCE studies was performed using
the keywords: “small bowel capsule endoscopy”, “SBCE”,
“wireless capsule endoscopy”, “capsule endoscopy”
and “video capsule”. Furthermore, publications from
gastroenterological and endoscopic societies, which describe
quality indicators in endoscopic procedures and relevant
recommendations, were also reviewed. Of note, the vast
majority of capsule endoscopy studies are based on PillCam
(Given Imaging, Yokneam, Israel) small bowel capsule
endoscopes. As in the case of other endoscopic procedures,
SBCE indicators will be divided in pre-procedure, intra-
procedure and post-procedure quality indicators. A summary
of the described quality indicators can be found in 7able 1.

Preprocedure quality indicators

In this section will be described quality indicators that apply
to the time period prior to the capsule endoscope ingestion.

Appropriate indications

A correctly indicated procedure results in relevant diagnosis,
is able to guide therapeutic, as well as management planning
and results in favorable patient outcomes.

SBCE major indications are: (I) suspected small-bowel
Crohn’s disease diagnosis after a negative ileocolonoscopy;
(IT) established Crohn’s disease extent evaluation; (III)
investigation of unexplained iron deficiency anemia, as well
as obscure or overt gastrointestinal bleeding; (IV) detection
of small-bowel polyps due to familial or other polyposis
syndromes and (V) celiac disease diagnosis in patients
unwilling to undergo conventional endoscopy (12).

SBCE, should be the first-line diagnostic tool for the
investigation of suspected small bowel bleeding, due to the
reliability and reproducibility of its findings (13,14). When
performed during overt gastrointestinal bleeding, the
diagnostic yield of SBCE is increased and is demonstrated
to exceed 90% (15,16). The diagnostic yield decreases in
cases of occult or previous gastrointestinal bleeding (15),
thus SBCE should be performed as close as possible and no
longer than 2 weeks from the bleeding episode, in order to
maximize the possibility of lesion identification (12).

Suspected Crohn’s disease patients scheduled for
capsule endoscopy, should be carefully selected (17), as
the symptoms of abdominal pain and diarrhea, without
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other accompanying signs, for example extra-intestinal
manifestations or elevated inflammatory markers, result
in poor diagnostic yield (18-21). Of note, SBCE is not
purposed to substitute esophagogastroduodenoscopy
(EGD) in the diagnosis of celiac disease and should only
be reserved for patients unwilling to undergo conventional
endoscopy (12).

Providing information regarding procedure related adverse
events

The introduction of SBCE in 2000 (22), provided a non-
invasive, well tolerated method for the visualization of the
small bowel. However, patients should be aware that its use
is not devoid of complications.

In general, the adverse event rate is low, estimated at 1-3%
(12,23,24). Capsule endoscope retention is the most frequent
complication, which may result in intestinal obstruction and
perforation. This risk is minimal in healthy individual whereas
in patients with established Crohn’s disease is estimated to
be 2.5%, despite initial reports demonstrating a risk of 13%
(24-29). Major factors for capsule retention are non-steroidal
anti-inflammatory drugs enteropathy, abdominal surgery,
intestinal ischemia, volvulus and radiotherapy of the abdominal
or pelvic area (30-33). The successful gastrointestinal patency
assessment, with the aid of cross-sectional imaging modalities
or the patency capsule, allows the safe administration of
capsule endoscopes to high risk patients (29,34). However,
its administration is contraindicated in patients with a high
likelihood of gastrointestinal obstruction, namely, known
intestinal stenoses, fistulas (35) or large masses detected by
cross-sectional studies (36).

Identification of patients with absolute or relative
contraindications to the procedure

Capsule endoscope manufacturers and the United States
Food and Drug Administration (FDA), do not recommend
the use of capsule endoscopes in patients with pacemakers,
cardioverters or left heart assist devices (35), despite the
available evidence of the safety of this practice (37,38).
Moreover, they also restrict its use in pregnant women due
to the lack of safety data in this population, except in cases
of emergency (39). Finally, capsule endoscope aspiration
is a rare complication affecting patients with swallowing
disabilities (35), thus, assisted endoscopic administration
should be considered in this patient group (39).
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Pre-procedural quality indicators

Appropriate indications
SBCE should be the recommended diagnostic tool in suspected small-bowel CD after a negative ileocolonoscopy
SBCE is recommended for disease extent evaluation in established CD

SBCE is the recommended diagnostic tool for the investigation of unexplained iron deficiency anemia, obscure or overt gastrointestinal
bleeding

SBCE is recommended for the detection of small-bowel polyps due to familial or other polyposis syndromes
The role of SBCE in celiac disease should be restricted to the diagnosis of patients unwilling to undergo conventional endoscopy
Providing information regarding the procedure related adverse events (e.g., capsule retention, intestinal obstruction)
Identification of patients with absolute or relative contraindications to the procedure
Obtaining informed written consent by all patients performing elective procedures, preferably by the person performing the procedure
Performing physical examination and obtaining detailed past medical history prior small bowel capsule endoscopy.
Providing instructions regarding patient diet prior the procedure
Bowel preparation
Intra-procedural quality indicators

Providing instructions regarding diet during the procedure, equipment function and precautions against data loss (e.g., avoidance of
strong electromagnetic fields)

Recording duration

Bowel preparation scoring systems

Monitoring of SBCE patients carrying implanted cardiac electronic devices
Post-procedural quality indicators

Providing clear instructions (regarding diet after the procedure, the necessity of capsule egestion documentation and the role of abdominal
X-ray towards this task, monitoring of possible adverse events and communication with the endoscopist, in case of worrying symptoms)

SBCE study reading in optimal settings (10 fps, in dual or quad mode)

Accurate localization of findings

Reporting of findings according to the Capsule Endoscopy Structured Terminology

Capsule excretion confirmation

Reviewer’s experience

CD, Crohn’s disease; fps, frames per second; SBCE, small bowel capsule endoscopy.

Obtaining informed consent

An informed consent (40,41) has ethical and legal
implications and it should preferably be obtained by the
person performing the procedure. Information about
the type of the procedure, indication, benefit, procedure
complications, alternatives and prognosis if the examination
is denied, should be given in the patient’s own language and
in the case of elective examinations, it should be written.

This practice facilitates patients’ choice in proceeding, or
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not, with SBCE and allows them to understand, as well as to
ask details about the examination. Due to the non-invasive
character of capsule endoscopy, the adverse event risks from
its use should be mentioned clearly, without dissuading the
patient from undergoing the examination.

Performing physical examination and obtaining past
medical bistory

As in all endoscopic procedures, all patients should undergo
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physical examination and a detailed past medical history
should be obtained prior SBCE. Accessing patient’s
medical history is crucial, as (I) it allows the physician
to assess the indication and benefit from the procedure;
(II) it reveals comorbidities which prohibit the use of
capsule endoscopes or may result in adverse events (for
example implanted electrical devices and symptoms highly
suggestive of intestinal obstruction) and (III) it enables the
identification of patients who could benefit from endoscopic
assisted capsule endoscope administration (39), for example
patients with swallowing difficulties, gastroparesis,
gastroenteroanastomosis, motility difficulties, previously
failed capsule test, as well as medications and health
conditions that affect intestinal transit. Furthermore,
it facilitates the evaluation of bowel preparation level,
allowing a reschedule in case there is high suspicion that the
mucosa will not be adequately visualized.

Providing instructions regarding patient diet prior the
procedure

The day before the procedure, patients should be requested
to continue with a liquid diet after lunch, in order to have a
successful capsule endoscopy examination. Ten hours before
the procedure, they should be requested to stop the intake
of liquids or solids and they should be reminded that they
are not allowed to take any medication 2 hours prior capsule
ingestion (42).

Bowel preparation

Intestinal chyme, bile or bubbles may compromise small
bowel mucosa visualization (43) and the endoscopist’s ability
to identify and interpret findings. Unlike the established
importance of bowel preparation in colonoscopy (6), the
role of intestinal preparation in the diagnostic yield of
SBCE remains controversial. Various preparation regimens
have been proposed, however the administration of 2 liters
of polyethylene glycol the evening prior the procedure,
remains the recommended preparation regimen (44). A
significant number of meta-analysis (45-50) attempted to
shed light in the role of purgative preparation and SBCE
outcomes. Despite the fact that the included studies suffered
from significant heterogeneity, in their majority they agreed
that purgative preparation improved visual quality, without
affecting diagnostic yield and completion rate. Nevertheless,
a recent meta-analysis (51) questions the role of purgative
bowel preparation, both in improving mucosa visibility and
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increasing diagnostic yield. Since strong evidence regarding
the role of intestinal preparation in small bowel endoscopy
is still unavailable, large multicenter randomized-controlled
trials are needed to evaluate the need, appropriate dose and
time of purgative preparation prior capsule endoscopy.

Intra-procedure quality indicators.

Unlike any other endoscope, the capsule endoscope moves
passively in the gastrointestinal tract, with the help of
intestinal peristalsis and gravity, practically allowing no
interventions to be applied during recording. Below we
describe a number of quality measures that apply to the
period between capsule ingestion and recording completion.

Providing intra-procedure instructions

According to the small bowel capsule endoscope
manufacturer recommendations (52,53), patients should be
requested to drink colorless liquids and have a light snack,
2 and 4 hours after capsule ingestion, respectively. Every
15 minutes during recording, patients should check that
the blue flashing light of the recorder is blinking twice per
second and in case it stops or changes color, the endoscopist
should be contacted immediately. Every patient should be
supplied with a capsule endoscopy event form, which will
be returned to the endoscopist after the completion of the
recording time, where they can note the time of events such
as eating, drinking or changes in their activity. After capsule
ingestion, patients should avoid getting close to strong
electromagnetic fields such as magnetic resonance imaging
(MRI) devices (35), or be exposed on direct bright sunlight

until the procedure completion.

Recording duration

Older small bowel capsule endoscopes (M2A, SB2) offered
8 hours of operating time, resulting in a 20-30% procedure
incompletion rate (54,55). If available, the use of newer
capsule endoscopes with longer battery life should be
preferred (e.g., the 3rd generation PillCam™, SB3, Given
Imaging, Yokneam, Israel), as longer recording duration
is demonstrated to increase study completion, although
without a significant benefit in diagnostic yield (56-58).
Wireless capsule endoscope systems include handheld
viewers (e.g., Rapid® Real-time, Given Imaging; Real
Time Viewer, Olympus, America; Miro-View™ Express,
Intro Medic), enabling the endoscopist to view in real-time
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the images of the recording procedure and terminate the
examination if there is evidence that it has reached the cecum,
or alternatively, prolong the procedure if necessary (59).
Furthermore, it allows the endoscopist to identify stasis of the
capsule in the gastric area, allowing the timely administration
of prokinetics in an effort to propel the capsule to the small
intestine (60). However, prokinetics can cause rapid intestinal
passage, which may result in diminished diagnostic yield, so
their use should be avoided, unless necessary (61,62).

Bowel preparation scoring systems

Numerous operator or computer dependent, quantitative
and qualitative scoring systems were developed, for the
objective assessment of intestinal preparation in capsule
endoscopy, in an attempt to evaluate the reliability of
findings and diagnostic accuracy.

However, operator dependent scoring systems
demonstrate varying inter-observer and intra-observer
agreement, can be time consuming, complicated and difficult
to be applied in the everyday clinical practice (63). Contrary,
computer dependent scales may prove a promising solution
for the future of SBCE, as they are shown to overcome the
aforementioned limitations (63). Nevertheless, their value in
SBCE is under investigation.

Monitoring of SBCE patients carrying implanted cardiac

electronic devices

The small bowel capsule endoscope communicates with
its sensor through digital radiofrequencies. This type of
communication is vulnerable to strong electromagnetic
field interferences, for example MRI devices (35), which
may result in signal interruption and loss of data transfer.
Contrary, there is no proven interference with everyday
electric appliances (e.g., cell phones, computers, home
electric appliances etc.), so their use is not prohibited during
recording.

As mentioned above, capsule endoscope manufacturers
and the FDA are against the use of capsule endoscopy
in patients carrying implanted cardiac devices (e.g.,
pacemakers, cardioverter defibrillators, and left heart
assist devices) (64), for fear of possible interruptions that
may result in their malfunctioning. Nevertheless, there is
supporting evidence that the application of wireless capsule
endoscopy in this patient group is relatively safe, with only a
limited number of publications demonstrating malfunction
of the implanted cardiac devices (37,38). Due to the above

© Annals of Translational Medicine. All rights reserved.

Page 5 of 10

observations, patients with implantable cardiac devices
undergoing capsule endoscopy should be monitored closely
until capsule egestion, before the above recommendation is
subjected to re-evaluation (64,65).

Post-procedure quality indicators

Below we present a number of quality measures that apply
to the time period after recording time completion.

Providing post-procedure instructions

Patients should return to the doctor’s office at scheduled
time to have their equipment removed. They should not
be allowed to remove the equipment, unless they are
instructed to do so and without damaging the equipment.
After the examination completion, patients may return to
their normal diet. During the post-procedure period they
should be requested to document capsule egestion and in
case of uncertainty, they should have an abdominal X-ray.
Furthermore, patients should contact their physician in case
that symptoms suggestive of intestinal obstruction occur
(abdominal pain, nausea, vomiting).

SBCE study reading in optimal settings

A small bowel capsule endoscope video contains a
combination of approximately 50,000 images. Initial
studies estimated the average reviewing time for a capsule
endoscopy study to be over 40 minutes (66-69). This finding
was indicative that technological advents able to reduce
reading duration, without affecting detection ability, were
necessary. Workstation software innovations resulted in a
significant reduction of reading time (70,71), as they allow
the endoscopist to review every single image of the created
video (manual function), or to review a video where the
repetitive images have been excluded (automatic function).
Endoscopists should be aware that delayed regional transit
may indicate underlying pathology (72), a finding that
warrants further investigation that may be missed when
automatic function is used.

Moreover, capsule endoscopy software offers a variety of
viewing modes in different frame rates. The chosen speed
(frame rate) and number of simultaneous frames shown in
the workstation monitor (single, dual, and quad view mode),
affect the reviewer’s lesion detection ability and finding
interpretation (71).

The optimal capsule endoscopy reviewing settings are 10
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frames per second (fps) in dual or quad view modes. Lower
fps result in more lesions detected, at the cost of longer
reading duration (73,74). Dual or quad view modes allow
longer reviewing time per image compared to single view,
resulting in higher efficiency and detection rate compared
to single view (73).

Another utility of the Given Imaging capsule endoscope
software allowing reading time reduction, is the quick
view mode. In quick view mode, with the help of a specific
algorithm, 10% of the recorded images are selected, with a
sampling rate between 5-80% (75) resulting in a shortened
version of the created video. Nevertheless, image selection
may result in missed findings, thus the use of this function
is recommended when extended lesions are expected, for

example known or highly suspected Crohn’s disease and
celiac disease (70,75-79).

Accurate localization of findings

Accurate localization of findings and landmark setting
influences further management and therapeutic planning.
Currently the only feasible method to localize findings is by
dividing the small bowel in three segments, proximal, mid
and distal parts, based on transit times until more precise
localization technology will be available (65).

Reporting of findings according to the capsule endoscopy
structured terminology (CEST)

The introduction of the Given Imaging small bowel capsule
endoscope, generated the need for an official lexicon
for the description of its indications and study findings.
This lexicon, namely the CEST (80), was the result of a
consensus between experts in the field of capsule endoscopy
and it was influenced by the minimal standard terminology
for digestive endoscopy (81). CEST should be used as
the standard lexicon for capsule endoscopy procedures as
it allows the endoscopist to describe the vast majority of
findings and improves report quality (82).

Capsule excretion confirmation

Capsule endoscope retention may result in the life-
threatening complications of intestinal obstruction and
perforation, making necessary the evidenced excretion of
the capsule endoscope to successful establish the completion
of the examination. Usually intestinal transit requires 6
hours (83) and the capsule endoscope requires 24-48 hours
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(15,84) to be excreted from the human body. In the case
that the patient is unable to identify the egested capsule and
there is fear of a complication, then an abdominal X-ray
should be ordered to exclude or confirm its presence in the
gastrointestinal tract.

On the other hand, if the interpretation of the recorded
video shows a passage of the capsule endoscope to the
large bowel and the patient has undergone a previous
colonoscopy without evidence of a stricture, an uneventful
egestion of the capsule endoscope from the body can be
expected without any further evaluation or follow-up.

Reviewer’s experience

A capsule endoscopy trainee should complete a minimum
number of capsule endoscopy studies to reach a sufficient
level of competency. Although this number is estimated
between 10 to 20 capsule endoscopy studies (85,86), the
capsule endoscopy examination accuracy increases along
with the trainee’s learning curve and reaches a plateau after
the first 100 studies (87). Of note, readers with experience
in endoscopic image interpretation are preferred (86,88),
although previous endoscopic experience was not shown to
be associated with capsule endoscope competence (85).

Conclusions

This paper describes quality indicators related to SBCE,
in order to ensure high endoscopic quality and eliminate
differences in clinical practice. Although the majority of
proposed indicators are based on available evidence, the
lack of randomized controlled trials elucidates the need of
further research who will measure their influence in health
outcomes and capsule endoscopy competence, to support
the recommended measures.
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