
INTRODUCTION

Capsule endoscopy (CE) is a convenient method that elim-
inates the discomfort of endoscope insertion for the patient 
and provides valuable information for the physician.1-4 CE is 
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a valuable screening diagnostic modality for the small bowel, 
which is otherwise difficult to access.1-5 However, the quality 
control of the CE procedure can be difficult to maintain if CE 
data are not interpreted by a qualified person. The American 
Society of Gastrointestinal Endoscopy recommends that in-
terpretation of CE data be performed by a person familiar with 
the mucosa of the gastrointestinal (GI) tract and the diagnosis 
of small bowel disease.3 American and Korean societies of 
gastrointestinal endoscopy have recommended 25, 20, and 
10 cases of CE as necessary to ensure competence in the inter-
pretation of findings.2,3,6 However, actual data supporting the 
adequate numbers of cases have not been reported. We con-
ducted this investigation in trainees to determine the number 
of cases required to gain competence in CE interpretation.
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MATERIALS AND METHODS

In the training experiment, 12 trainees and an expert were 
asked to read CE images from one patient each week for 15 
weeks. The 15 educational cases in this investigation were se-
lected from four different university hospitals. The 15 enrolled 
case patients had adequate bowel preparation after fasting for 
12 hours and consuming a liquid diet for 24 hours, or ingest-
ing 2 L of polyethylene glycol.7-10 All CE images were acquired 
using Pillcam SB capsules from Given company (Israel). The 
expert was a faculty member of the division of gastroenterolo-
gy with more than a decade of experience in wired endoscopy 
and wireless CE. Fourteen clinical fellows from the division 
of gastroenterology of different university hospitals voluntari-
ly participated. Two clinical fellows dropped out because of 
their inability to interpret the CE images within the appointed 
period. The 12 remaining trainees completed the interpreta-
tion of 15 cases within the allotted time. All trainees had ex-
periences of approximately 1,000 cases of wired endoscopy, 
including esophagogastroduodenoscopy and colonofibers-
copy. Before the study, the trainees received education about 
the CE hardware and software. They simultaneously down-
loaded the same CE image from an Internet disc every week 
and reported their interpretation of each CE image through 
e-mail. The trainees had no knowledge of the other partici-
pants and were therefore unable to communicate with each 
other about the CE results. The clinical information of each 
case patient, including age, sex, and the reason for CE, was 
provided to the trainees. The result of interpretation included 
two components: small bowel transit time (minutes) and diag-
nosis. Small bowel diagnosis involved five categories: no ab-
normalities detected, small bowel erosion or ulcer, small bowel 
tumor, Crohn disease, and active small bowel bleeding with 
no identifiable source.

 
Statistical analyses

We examined how the degree of mean agreements between 
the trainees and the expert changed as the training experi-
ment progressed each week, by using the κ coefficient, de-
fined as K=[P(o)-P(e)]/[1-P(e)], where P(o) is the percentage 
of the observed agreement calculated on the basis of multiple 
ratings of two or more raters and P(e) is the probability of ran-

dom agreement. If the raters perfectly agree, the κ coefficient 
(K)=1. If there is no agreement, K=0. In this study, it was in-
appropriate to use conventional multirater κ coefficients be-
cause they treat the trainees and the expert as equivalent rat-
ers.11 Also, as each rater (trainee or expert) conducted only one 
rating (reading the images from one patient) per week, we 
could not calculate κ coefficients properly with any given 1- 
week data. To overcome such problems, Cohen κ coefficients, 
Ks, were calculated with pooled data over a span of S weeks 
for each pair of one trainee and the expert.12 Within the 15-
week period, there were 15-(S-1) spans. The mean, Ks, was cal-
culated with the K values of all pairs for each week. For ex-
ample, when the span size S is 3 weeks, the κ coefficient K3 of 
week W was calculated for each pair of one trainee and the ex-
pert with pooled data from week W-1, W, and W+1. Then, for 
each of the weeks 2, 3, …, and 14, K3 is calculated by averag-
ing 12 K3’s. The significant difference was checked by a p-value 
calculated using a two-sample test of two groups at each num-
ber of interpretations. All analyses were performed with SPSS 
version 12.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

We determined the meaningful factors for a κ>0.5 between 
the expert and the trainees in the small bowel transit time and 
small bowel diagnosis. The agreement rate of the small bowel 
transit time was significantly associated with two variables: 
trainee (p=0.001) and capsule case (p=0.0011) (Table 1). The 
accuracy of the measurement of small bowel transit time de-
pends on the trainee and the capsule image. If the capsule im-
age failed to demonstrate the ileocecal valve and pylorus def-
initely, the measurement of small bowel transit time varied 
according to the trainee and capsule image. Small bowel tu-

Table 1. Accuracy of Small Bowel Transit Time between the Ex-
pert and Trainees

Small bowel transit time, p-value
Trainee 0.0001
Capsule image 0.0011
Small bowel preparation 0.5527
Frequency of CE interpretation 0.3906
CE, capsule endoscopy.

Table 2. Agreement Rate of Small Bowel Diagnosis between the Expert and Trainees

Mean±SD Minimum Maximum
Small bowel tumor
No abnormalities detected 
Small bowel erosion or ulcer
Active small bowel bleeding with no identifiable source
Crohn disease

57.0±19.4
50.8±10.5
42.8±12.6
31.4±18.2
28.9±11.6

30.0
36.4
25.0

9.1
16.7

88.9
64.3
58.3
50.0
46.7
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mors had maximum agreement, whereas Crohn disease had 
the lowest agreement between the trainees and the expert 
(Table 2). In diagnosing small bowel tumor, trainees had a 
mean agreement rate of 57% with the expert. They had a 29% 
agreement with the expert in diagnosing Crohn disease. More-
over, trainees tended to diagnose ulcer rather than Crohn dis-
ease owing to limited clinical information. Small bowel non-
specific ulcers could not be discriminated as being induced by 
nonsteroidal anti-inflammatory drugs (NSAIDs) or Crohn 
disease solely through CE findings. The agreement rate of CE 
diagnosis increased as the frequencies of interpretation in-
creased. Fig. 1 presents the K3, K5, and K7 values from our data. 
Regardless of the span sizes, most of the mean κ coefficients 
were >0.60 and >0.80 after week 9 and 11, respectively. The 
trainees demonstrated good agreement with the expert after 
9 weeks and very good agreement after 11 weeks.

 
DISCUSSION 

A capsule endoscope is a self-contained system that trans-
mits images of the GI tract to an external receiver. The system 
produces little discomfort of endoscope insertion as com-
pared with wired endoscopy.1-5 CE has become an important 
tool for the diagnosis of small bowel disease.1-5 As CE can be 
performed without the skilled technique of an operator, it is 
easy to use imprudently; however, it is important to maintain 
the quality control of the CE process. The American Society 
of Gastrointestinal Endoscopy recommends the use of CE to 
be limited to practitioners who are already competent in the 
procedure, who have performed standard endoscopy, and who 
have extensive experience in viewing the GI mucosa.3,6 Re-
quired threshold numbers of procedures (>10 or >25) to assess 
competency have been proposed.3,6 However, experimental 
studies or evidence supporting these proposed numbers are 

lacking. We performed this investigation to know how many 
cases are needed to ensure competency in performing CE.

We measured two parameters: small bowel transit time 
and small bowel diagnosis. Small bowel transit time is deter-
mined using the landmarks of the pylorus and the ileocecal 
valve.13,14 Images of the pylorus and ileocecal valve cannot be 
captured by CE. At that time, the interpreter should consider 
the first image of the duodenal lumen as the first observation 
of the small bowel and that just before first finding fecal ma-
terial in the large lumen as the last observation of the small 
bowel. The agreement of small bowel transit time between 
the expert and trainees was associated with each capsule im-
age and the trainee’s trait.

The agreement rate of small bowel diagnosis varied ac-
cording to small bowel disease entities. Crohn disease could 
not be differentiated from NSAID-induced ulcer or erosion 
only through the CE image. Trainees had difficulties in diag-
nosing Crohn disease. Crohn disease should be diagnosed 
on the basis of both the capsule image and patient’s clinical 
information (e.g., weight loss, diarrhea, unexplained abdom-
inal pain, elevated C-reactive protein, hypoalbuminemia, and 
no recent NSAID use).15-19 Small bowel tumor is sometimes 
difficult to differentiate from extrinsic compression. Inter-
preters should judge a CE finding considering the clinical in-
formation of each patient during the diagnosis. Accordingly, 
CE data should be interpreted by a gastroenterologist who 
can diagnose small bowel disease and perform small bowel 
endoscopy.

The limitation of this experiment was the lack of sufficient 
education and continuous feedback under proper supervi-
sion because the trainees worked in different hospitals located 
in different remote districts. Interpreters of CE findings must 
understand in advance the indications, contraindications, and 
risks of the procedure, and be familiar with the hardware and 
software necessary to perform CE and interpret the findings.1-6 
The interpreters should be capable of detecting and describing 
abnormal CE findings accurately with proper terminology, 
and to judge CE findings considering the clinical situation of 
each case.

We used the κ coefficient as a statistical measure. The κ co-
efficient is one of most common measures for evaluating in-
terrater agreement. Landis and Kock20 suggested how to inter-
pret κ coefficients by using five categories (<0.20, poor; 0.21 
to 0.40, fair; 0.41 to 0.60, moderate; 0.61 to 0.80, good; >0.80, 
very good). In this investigation, most of the mean κ coeffi-
cients were >0.60 after week 9 and >0.80 after week 11, which 
indicates good agreement of the trainees with the expert after 
9 weeks and very good agreement after 11 weeks.

As with other endoscopic procedures, trainees should re-
ceive proper endoscopic training programs and must be ex-
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Fig. 1. Mean κ values at different span sizes.
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posed to a sufficient number of endoscopic experiences. Al-
though the performance of an arbitrary number of procedures 
does not guarantee competence, experience with approximate-
ly 10 cases of CE is appropriate for trainees to attain compe-
tency in CE.
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