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Training in Capsule Endoscopy: Are We Lagging behind?
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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

Gastroenterology Research and Practice

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.



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.

Gastroenterology Research and Practice

Abbreviations

CE:  Capsule endoscopy

UK:  United Kingdom

GI:  Gastrointestinal

JAG: Joint advisory group

CCE: Colon capsule endoscopy

ASGE: American Society of Gastrointestinal
Endoscopy.

Disclosure

R. Sidhu wrote the initial draft, and all five authors were in-
volved in the subsequent revisions and final draft.

Acknowledgments

M. Keuchel received fees as consultant and lecturer, and study
support from Given Imaging, lectures fees from Olympus,
and study support from Intromedic.

References

[1] S. D. Ladas, K. Triantafyllou, C. Spada et al., “European so-
ciety of gastrointestinal endoscopy (ESGE): recommendations
(2009) on clinical use of video capsule endoscopy to investi-
gate small-bowel, esophageal and colonic diseases,” Endoscopy,
vol. 42, no. 3, pp. 220-227, 2010.

[2] R. Sidhu, D. S. Sanders, A. J. Morris, and M. E. McAlindon,
“Guidelines on small bowel enteroscopy and capsule endo-
scopy in adults,” Gut, vol. 57, no. 1, pp. 125-136, 2008.

[3] J. E Rey, S. Ladas, A. Alhassani, and K. Kuznetsov, “European
society of gastrointestinal endoscopy (ESGE) video capsule
endoscopy: update to guidelines (May 2006),” Endoscopy, vol.
38, no. 10, pp. 1047-1053, 2006.

[4] J. E. Rey, G. Gay, A. Kruse, and R. Lambert, “European society
of gastrointestinal endoscopy guideline for video capsule
endoscopy,” Endoscopy, vol. 36, no. 7, pp. 656—658, 2004.

[5] D.S. Mishkin, R. Chuttani, J. Croffie et al., “ASGE technology
status evaluation report: wireless capsule endoscopy,” Gas-
trointestinal Endoscopy, vol. 63, no. 4, pp. 539-545, 2006.

[6] G. J. Iddan and C. P. Swain, “History and development
of capsule endoscopy,” Gastrointestinal Endoscopy Clinics of
North America, vol. 14, no. 1, pp. 1-9, 2004.

[7] D. Hartmann, A. Eickhoff, U. Damian, and J. F. Riemann,
“Diagnosis of small-bowel pathology using paired capsule
endoscopy with two different devices: a randomized study,”
Endoscopy, vol. 39, no. 12, pp. 1041-1045, 2007.

[8] H. M. Kim, Y. J. Kim, H. J. Kim et al., “A pilot study of seq-
uential capsule endoscopy using MiroCam and PillCam SB
devices with different transmission technologies,” Gut and
Liver, vol. 4, no. 2, pp. 192-200, 2010.

[9] D.R. Cave, D. E. Fleischer, J. A. Leighton et al., “A multicenter
randomized comparison of the Endocapsule and the Pillcam
SB,” Gastrointestinal Endoscopy, vol. 68, no. 3, pp. 487—494,
2008.

[10] P. N. D’Halluin, M. Delvaux, M. G. Lapalus et al., “Does the
“suspected blood indicator” improve the detection of bleeding
lesions by capsule endoscopy?” Gastrointestinal Endoscopy, vol.
61, no. 2, pp. 243-249, 2005.

[11] R.Sidhu, D. S. Sanders, K. Kapur, L. Marshall, D. P. Hurlstone,
and M. E. McAlindon, “Capsule endoscopy: is there a role for



Gastroenterology Research and Practice

(20]

(21]

[22

(24]

(25]

nurses as physician extenders?” Gastroenterology Nursing, vol.
30, no. 1, pp. 45-50, 2007.

E. Bossa, G. Cocomazzi, M. R. Valvano, A. Andriulli, and V.
Annese, “Detection of abnormal lesions recorded by capsule
endoscopy. A prospective study comparing endoscopist’s and
nurse’s accuracy,” Digestive and Liver Disease, vol. 38, no. 8, pp.
599-602, 2006.

Y. Niv and G. Niv, “Capsule endoscopy examination—prelim-
inary review by a nurse,” Digestive Diseases and Sciences, vol.
50, no. 11, pp. 2121-2124, 2005.

G. N. Levinthal, C. A. Burke, and J. M. Santisi, “The accuracy
of an endoscopy nurse in interpreting capsule endoscopy,”
American Journal of Gastroenterology, vol. 98, no. 12, pp. 2669—
2671, 2003.

D. G. Adler, M. Knipschield, and C. Gostout, “A prospective
comparison of capsule endoscopy and push enteroscopy in
patients with GI bleeding of obscure origin,” Gastrointestinal
Endoscopy, vol. 59, no. 4, pp. 492-498, 2004.

A. de Leusse, B. Landi, J. Edery et al., “Video capsule endo-
scopy for investigation of obscure gastrointestinal bleeding:
feasibility, results, and interobserver agreement,” Endoscopy,
vol. 37, no. 7, pp. 617-621, 2005.

L. H. Lai, G. L. H. Wong, D. K. L. Chow, J. Y. W. Lau, J. J.
Y. Sung, and W. K. Leung, “Inter-observer variations on in-
terpretation of capsule endoscopies,” European Journal of
Gastroenterology and Hepatology, vol. 18, no. 3, pp. 283-286,
2006.

G. C. Chen, P. Enayati, T. Tran et al., “Sensitivity and inter-
observer variability for capsule endoscopy image analysis in a
cohort of novice readers,” World Journal of Gastroenterology,
vol. 12, no. 8, pp. 1249-1254, 2006.

R. Sidhu, P. Sakellariou, M. E. McAlindon et al., “Is formal
training necessary for capsule endoscopy? The largest gas-
troenterology trainee study with controls,” Digestive and Liver
Disease, vol. 40, no. 4, pp. 298-302, 2008.

A. Caunedo Alvarez, ]. M. Garcia-Montes, and J. M. Herrerias,
“Capsule endoscopy reviewed by a nurse: is it here to stay?”
Digestive and Liver Disease, vol. 38, no. 8, pp. 603—604, 2006.
K. Drew, R. Sidhu, D. S. Sanders et al., “Blinded controlled
trial omparing image recognition,diagnostic yield and man-
agement advice by doctor and nurse capsule endoscopists,”
Gut, vol. 60, supplement 1, article A195, 2011.

R. Eliakim, Z. Fireman, I. M. Gralnek et al., “Evaluation of the
PillCam colon capsule in the detection of colonic pathology:
results of the first multicenter, prospective, comparative
study,” Endoscopy, vol. 38, no. 10, pp. 963-970, 2006.

A. van Gossum, M. Munoz-Navas, I. Fernandez-Urien et al.,
“Capsule endoscopy versus colonoscopy for the detection of
polyps and cancer,” The New England Journal of Medicine, vol.
361, no. 3, pp. 264-270, 2009.

JAG, Training and certification in endoscopy, 2010, http://
www.thejag.org.uk/.

D. O. Faigel, T. H. Baron, D. G. Adler et al., “ASGE guide-
line: Guidelines for credentialing and granting privileges for
capsule endoscopy,” Gastrointestinal Endoscopy, vol. 61, no. 4,
pp. 503-505, 2005.

M. McAlindon, C. Parker, P. Hendy et al., “Provision of
service and training for small bowel endoscopy in the United
Kingdom,” Frontline Gastroenterol, vol. 3, pp. 98-103, 2012.

Y. Shirai, T. Yoshida, R. Shiraishi et al., “Prospective random-
ized study on the use of a computer-based endoscopic simu-
lator for training in esophagogastroduodenoscopy,” Journal of
Gastroenterology and Hepatology, vol. 23, no. 7, pp. 1046-1050,
2008.

(28]

(38]

[39]

A. D. Koch, J. Haringsma, E. J. Schoon, R. A. de Man, and
E. J. Kuipers, “A second-generation virtual reality simulator
for colonoscopy: validation and initial experience,” Endoscopy,
vol. 40, no. 9, pp. 735-738, 2008.

M. Thomson, R. Heuschkel, N. Donaldson, S. Murch, and
R. Hinds, “Acquisition of competence in paediatric ileocolon-
oscopy with virtual endoscopy training,” Journal of Pediatric
Gastroenterology and Nutrition, vol. 43, no. 5, pp. 699-701,
2006.

M. Neumann, C. Hahn, T. Horbach et al., “Score card endo-
scopy: a multicenter study to evalaute learning curves in 1-
week courses using the Elangen Endo-Trainer,” Endoscopy, vol.
35, no. 6, pp. 515-520, 2003.

A. May, L. Nachbar, M. Schneider, M. Neumann, and C.
Ell, “Push-and-pull enteroscopy using the double-balloon
technique: method of assessing depth of insertion and training
of the enteroscopy technique using the Erlange Endo-Trainer,”
Endoscopy, vol. 37, no. 1, pp. 66-70, 2005.

R. de Franchis, B. Lewis, and D. Mishkin, Capsule Endoscopy
Simplified, Slack Incorporated, Thorofare, NJ, USA, 2010.

M. Keuchel, F. Hagenmuller, and D. Fleischer, Atlas of Video
Capsule Endoscopy, Springer, Heidelberg, Germany, 2006.

D. Faigel and D. Cave, Capsule Endoscopy, Saunders, Elsevier,
Philadelphia, Pa, USA, 2008.

D. A. Cook, “Web-based learning: pros, cons and controver-
sies,” Clinical Medicine, vol. 7, no. 1, pp. 37-42, 2007.

A. Postgate, A. Haycock, S. Thomas-Gibson et al., “Computer-
aided learning in capsule endoscopy leads to improvement in
lesion recognition ability,” Gastrointestinal Endoscopy, vol. 70,
no. 2, pp. 310-316, 2009.

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

E Graepler, M. Wolter, R. Vonthein, and M. Gregor, “Accu-
racy of the size estimation in wireless capsule endoscopy:
calibrating the M2A PillCam (with video),” Gastrointestinal
Endoscopy, vol. 67, no. 6, pp. 924-931, 2008.

A. Pezzoli, R. Cannizzaro, M. Pennazio et al., “Interobserver
agreement in describing video capsule endoscopy findings: a
multicentre prospective study,” Digestive and Liver Disease, vol.
43, no. 2, pp. 126-131, 2010.


http://www.thejag.org.uk/
http://www.thejag.org.uk/

	Introduction
	Reading a Capsule Endoscopy Video
	Different Requirements for Training inCapsule Endoscopy
	Training: Setting the Scene
	Methods of Training
	Recommendation for Training inCapsule Endoscopy
	Learning Objectives and Practice Points
	Abbreviations
	Disclosure
	Acknowledgments
	References

