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Abstract

AIM: To determine the performance of novice readers (4"
year medical students) for detecting capsule endoscopy
findings.

METHODS: Ten capsule endoscopy cases of small bowel
lesions were administered to the readers. Gold standard
findings were pre-defined by gastroenterologists. Ten
gold standard “targets” were identified among the 10
cases. Readers were given a 30-min overview of Rapid
Reader software and instructed to mark any potential
areas of abnormalities. A software program was
developed using SAS to analyze the thumbnailed findings.

RESULTS: The overall sensitivity for detecting the gold
standard findings was 80%. As a group, at least 5 out
of 10 readers detected each gold standard finding per
recording. All the gold standard targets were identified
when the readers’ results were combined. Incidental
finding/false positive rate ranged between 8.2-59.8 per
reader.

CONCLUSION: A panel of medical students with
minimal endoscopic experience can achieve high

sensitivity in detecting lesions on capsule endoscopy.
A group of novice readers can pre-screen recordings
to thumbnail potential areas of small bowel lesions for
further review. These thumbnails must be reviewed to
determine the clinical relevance. Further studies are
ongoing to assess other cohorts.
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INTRODUCTION

Capsule endoscopy is a new diagnostic procedure devel-
oped for the complete examination of the small intestine
through video images transmitted from an ingestible cam-
era. Briefly, the PillCam™ capsule endoscopy and diag-
nostic imaging system (GIVEN Imaging, Yoqneam, Israel)
is a commercially available system consisting of three ma-
jor components: PillCam™ capsule which captures images
and transmits digital pictures (at 2 frames/s) over an 8-h
period, sensor array and data recorder, which receives and
tecords the data transmitted from the PillCam™ capsule
and RAPID™ Workstation, which is used to initialize the
data recorder and to download and process the raw data
from the data recorder™. The processed information,
composed of approximately 50000 still images collected
over an 8-h period, can be reviewed as a continuous video
stream. The reported time range typically needed for a
complete review of a single capsule endoscopy recording
case is anywhere from 50" t0 120 min™.

Numerous studies have now demonstrated that
the sensitivity and specificity of capsule endoscopy are
advantageous over the traditional diagnostic methods of
small bowel lesions” """, Capsule endoscopy may also re-
duce total medical utilization and costs as well as improve
patient’s quality of life in certain circumstances'.
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One feature that can affect the diagnostic yield of cap-
sule endoscopy is the image analysis process, i.e. the ability
of the person reviewing the images (teader) to accurately
detect significant lesions and interpret the findings. This
process is time consuming and requires individuals to fo-
cus their undivided attention viewing the large number of
images.

Currently, the process of capsule endoscopy image
analysis has not been standardized with respect to the se-
lection and training of individual readers, determination of
the gold standard to which findings are compared to assess
sensitivity and false positive rates or reporting of findings
and diagnoses. Unfortunately, these important issues have
not been well studied previously. Studies of intet-observer
variability have been limited to anecdotal reports between 1
and 4 different readers*"**. Furthermore, since capsule
endoscopy image analysis is a time consuming process,
the arduous process of image recognition and analysis is
often delegated to individuals having received minimal pre-
training with little consideration of their ability to achieve
competency in reading capsule endoscopy recordings. A
survey was conducted at the 2003 Given International
Capsule Endoscopy Conference and found that 82% of
gastroenterologists reported that they are the first readers
to interpret the capsule endoscopy recordings, while 18%
use a resident physician assistant and/or nutse to interpret
the capsule endoscopy recordings first”".

In this clinical study, our aim was to determine the
sensitivity, incidental finding and/or false positive rate, and
intraclass correlation of novice capsule endoscopy readers
who were 4" year US medical students with minimal
endoscopic background for detecting pre-specified capsule
endoscopy findings. Previous studies have shown that it
is not a simple task to achieve 100% sensitivity on capsule
endoscopy recording”?”. In addition, it was reported
that since the pathology is visualized in more than a
small percentage of images from each capsule endoscopy
recording, a fatigue gastroenterologist may analyze the
capsule endoscopy recording at a very rapid speed, being
likely to miss lesions" . Hence, we propose that analysis of
the same capsule endoscopy recording by multiple readers
might be an effective method to achieve 100% sensitivity
and decrease medical errors. If the combined results of
the novice readers show a high sensitivity, then perhaps
novice readers can be considered as physician extenders
in analyzing capsule endoscopy tecordings. In our study,
instead of manually analyzing the capsule endoscopy
readers’ results, we used statistical software to perform the
analysis in an attempt to decrease the time required for
this process. The reason is that manual comparison of the
readers’ findings can be labor intensive and time consum-
ing, if a large number of readers are evaluated. Finally,
the method of using medical students as novice readers
to analyze the images of a diagnostic modality has been
described in the literature™.

MATERIALS AND METHODS

Capsule endoscopy recordings
Ten recordings with definitive sites of small bowel
lesions were administered to the readers in a pre-set order
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(lesions - AVM-3, small bowel tumor - 1, radiation en-
teritis - 1, ulcers/aphthous lesions - 3, and foreign body
with ulceration - 2). Two gastroenterologists (attending
physicians at the tertiary medical center) selected these 10
recordings.

Capsule endoscopy readers

The novice capsule endoscopy readers consisted of a
group of ten 4" year medical students with minimal
endoscopic background from David Geffen School of
Medicine at UCLA (Los Angeles, CA, USA). All the
participating medical students signed an informed consent
agreement as approved by the local institutional review
board.

The readers were blinded to the patients’ clinical
history because this study was to assess the readers’ abili-
ties to detect small bowel lesions on capsule endoscopy
recordings rather than to test their medical knowledge.
Furthermore, the readers were blinded to each othet’s
capsule endoscopy findings.

Gold standard

The gold standard for the true positive findings was pre-
defined by the two gastroenterologists (over 150 capsule
endoscopy cases each at the time when this study was
started) who independently reviewed all the available
data for each of the 10 recordings, including pertinent
medical history; previous endoscopic, radiologic and
surgical examinations; the complete 8-h capsule endoscopy
recording. The experts’ consensus of positive findings was
used to calculate the sensitivity and false positive measures
for each individual reader as defined below. Ten gold
standard “targets” were identified among the 10 cases. We
did not include any negative findings in this study because
our aim was to evaluate the readers’ ability to detect
positive findings. However, the readers did not know that
there was at least one gold standard finding per case.

Capsule endoscopy image analysis

Each reader reviewed the entire 8-h recordings for all
10 cases to localize the thumbnailed significant lesions
within the small intestine. Significant upper and lower
gastrointestinal lesions could be detected by capsule
endoscopy, but the lesions of esophagus, stomach, and
colon were not analyzed. Presumably, lesions in these areas
were detected during routine endoscopic evaluation.

The readers analyzed the 10 recordings in a consecutive
order over a 30-90 d period. They were also asked to
record how long it took for them to interpret each case and
were told to use a cautious and highly inclusive approach,
while interpreting the capsule endoscopy recordings in
order to minimize the chance of missing any clinically
significant lesions. All findings identified by each reader
were marked, thumbnailed and annotated using the Rapid
Reader software program (GIVEN Imaging, Yoqneam,
Israel). The readers were given a 30-min overview of the
Rapid Reader software and instructions for thumbnailing,
Active gastrointestinal bleeding was often detected by
the Suspected Blood Indicator program (two capsule
endoscopy cases we used had active gastrointestinal
bleeding lesions); however, we did not allow the readers to
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Location Case Time intervals Findings

1 1 22500-32900 Aphthous ulceration (from NSAIDS use)

2 2 4542-6842 Aphthous ulceration (from NSAIDS use)

3 3 16 144-16 157 Duodenal bleeding (AVM)

4 4 25302-25372 Staples and ulcerations (from prior Surgery)
5 5 24244-24700 Small bowel tumor

6 6 23596-23 692 Aphthous ulceration (from Crohn’s disease)
7 7 32657-50 000 Radiation enteritis

8 8 20000-26 000 Chicken bone

9 9 1350-2434  Bleeding angiodysplasia

10 10 12600-12 800 Bleeding angiodysplasia

use the Suspected Blood Indicator program on the Rapid
Reader, since we wanted to assess the readers’ true abilities
to detect the lesions on capsule endoscopy recordings.
Furthermore, we felt that active bleeding lesions on
the capsule endoscopy recordings should be easily and
consistently detectable by the readers.

Outcome accuracy measures and analysis

The percentage of cases where a reader had at least one
finding in the gold standard areas of a case was expressed
as the reader’s sensitivity. If a reader had a finding out-
side the gold standard time interval, it was considered an
incidental finding/false positive rate.

The time series for each case was divided into time in-
tervals using the PROC MIXED procedure in SAS (SAS
Institute Inc., Cary, NC, USA). Within each time interval,
it was noted whether or not each reader had at least one
finding, For a given time interval size, a time interval could
be designated as being in a true problem area (part of
the time interval was in the “gold standard” area for that
case) or not. Each time interval could also be designated
as having a “finding” or not, where the “finding” was yes
if X/10 readers had a finding in that time interval. X was
the reader’s threshold. Reader’s threshold was defined as
the minimum number of readers out of all the readers
who had to have a finding in a given time interval in or-
der to consider it as a true positive finding (namely a true
problem area). The clinical implication of the optimal
time interval size and reader’s threshold analyses was that
this method could inform the capsule endoscopy readers,
where the time series and the thumbnailed findings
occurred the most. Therefore, the readers would know
to which parts of the capsule endoscopy recording they
needed to pay extra attention during the image analysis and
review process. This is especially important and perhaps
shortens the time needed for the gastroenterologists
reviewing the thumbnailed findings of the screeners (in
this case, the novice readers).

There were a total of 128 time interval size/reader’s
threshold combinations per case. In each of these time
interval size/reader’s threshold combinations, sensitivity
and specificity were estimated for each case. Sensitivity was
estimated as the probability of a finding, given the finding
being in a region with a true finding (in the “gold stan-
dard” region), while specificity was estimated as the prob-
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ability of no finding, given that the finding was not in an
incidental/false positive region. Among the time interval
size/reader’s threshold combinations with 100% sensitiv-
ity, we calculated the incidental finding/false positive rate
(the number of time intervals with a finding outside the
gold standard area divided by the total number of time
intervals outside the gold standatrd area) and the standard-
ized number of minutes viewing incidental finding/false
positive time intervals (the incidental finding/false positive
rate multiplied by the average number of true negative
time intervals for that reader’s threshold/time interval size,
multiplied by the time interval size in minutes). For each
of these quantities, we calculated the average and the max-
imum value across all 10 capsule endoscopy cases. Sepatate
analyses were conducted using different time interval sizes,
which ranged in length from 20 to 25 000 s, in order to de-
termine the impact of time interval size on the results.

Intraclass correlation was assessed sepatately for each
case. The intraclass correlation among all 10 readers mea-
sured the agreement among the readers in their evaluation
of capsule endoscopy recordings, above the agreement
was expected by chance. The intraclass correlation coeffi-
cient was estimated for each time interval size and for each
capsule endoscopy recording.

RESULTS

Based on the gold standard findings, 10 targets were speci-
fied in the 10 recordings used in this study (Table 1). The
average time taken by the readers to interpret each case
was 118 min. The overall sensitivity among the 10 readers
was 0.80 (80%) for time interval size of 20 s. All findings
were detected in 6 out of 10 readers. On a case level, the
gold standard finding was identified by all the 10 readers
in case #2 but only 5 readers for case #6. The individual
reader sensitivity ranged between 60-100%, with reader #8
achieving 100% sensitivity, while reader #5 achieving only
60% sensitivity (Table 2). The readers were able to identify
all the gastric, duodenal, and cecal images accurately. The
number of incidental false positive finding ranged from
a minimum of 8.2 in reader #1 to a maximum of 59.8 in
reader #10 per recording (Table 3). By case, the number
of incidental false positive findings ranged from 12 in case
#9 to 40.1 in case #5. Intraclass correlation varied with
case, but seemed to increase with increased time interval
size. The overall intraclass correlation was <0.40 but cases
#2 and #9, being low compared to fair agreement (Figure 1).

In the time interval size and reader’s threshold analyses,
the minimum time interval size for which sensitivity in
all 10 recordings achieved 100% was 3 000 s. All possible
reader thresholds achieved 100% sensitivity for all 10 re-
cordings in at least one of the time interval sizes examined.
The average percentage of incidental false positive findings
in the 10 cases ranged from 28% with a reader’s threshold
of 7 and time interval of 5 000 s to 66% with a readet’s
threshold of 3 and a time interval of 10 000 s (Figure 2A).
The maximum percentage of the incidental false positive
findings in the 10 recordings ranged from 56% for time
interval of 5 000 s and reader’s threshold of 7-100% for
several combinations (Figure 2B).

Overall, in the optimal time interval size and reader’s threshold
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Table 2 Findings and sensitivity
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Table 3 False positive/incidental findings

Reader number Case 1 Case2 Case3 Case4 Case5 Caseé Case7 Case8 Case9 Case 10 Min Mean Max sD
1 16 14 3 14 10 4 5 5) 6 5 3 8.2 16 4.849
2 17 39 6 7 64 6 15 6 19 10 6 18.9 64 18.788
3 34 39 27 11 51 9 17 16 12 14 9 23 51 14.158
4 32 31 10 7 13 62 8 12 5 10 5 19 62 17.858
) 25 7 11 4 2 1 2 27 6 9 1 94 27 9.324
6 6 18 9 8 27 8 17 6 4 9 4 11.2 27 7.193
7 23 19 29 53 22 25 33 33 21 42 19 30 53 10.708
8 29 20 11 28 22 7 10 2 8 13 2 15 29 9.226
9 26 62 34 68 29 11 19 14 7 5 5 27.5 68 21.936
10 10 28 17 107 161 34 12 187 32 10 10 59.8 187 66.813
Mean 21.8 27.7 15.7 30.7 40.1 16.7 13.8 30.8 12 12.7
SD 9.31 15.94 10.64 35.54 46.37 18.87 8.73 55.77 9.17 10.69

SD =standard deviation.

Note: The number in each case is the number of thumbnailed findings for that reader falling outside the gold standard target time range.
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Figure 1 Inter-reader concordance analyzed separately by case.

analyses, the combination of 5 000 s and readet’s threshold
of 7/10 was the most optimal. This combination resulted
in a reader’s sensitivity of 100%, a low average incidental
finding/false positive percentage and a low number of
minutes viewing incidental finding/false positive time
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interval video images. However, while this time interval
was still relatively large (83 min), smaller time interval sizes
had higher rates of errors and/or failed to yield 100%
sensitivity.

DISCUSSION

Capsule endoscopy is a newly developed diagnostic
modality that allows visualization of the entire small
intestine. However, the process of selecting, training, and
validating an individual’s ability to accurately perform
capsule endoscopy image analysis has not been well
studied. Therefore, we performed a systemic study to
compare and validate the capsule endoscopy readers’
petrformance on capsule endoscopy image analysis.
The goal of our study was to determine the sensitivity
and incidental finding/false positive rate as well as the
intraclass correlation of novice readers and to determine
if the concept of analyzing the same capsule endoscopy
recording by multiple novice readers was an effective
and accurate approach for capsule endoscopy image
interpretation.

We hypothesized that novice readers could reliably




Chen GC et a/. Capsule endoscopy image analysis

1253

A —+-3 Readers agree
&4 Readers agree
-5 Readers agree
-6 Readers agree
-6-7 Readers agree
-@-8 Readers agree
-A-9 Readers agree

ve

=100% -
90%
80%
70%
60%

50% [~

40%

30%

20%

10%

30000

0% I I I I
0 5000 10000 15000 20000

Time interval size (s)

Percent age of findings that are incidental finding/false positi

I
25000

B
[
2
5 100% - L] = . .
g
8 90% - L]
=
2 80% - . —+-3 Readers agree
E L4 -84 Readers agree
5 70% - -A-5 Readers agree
c oL X -6 Readers agree
bl 60% -©-7 Readers agree
=
£ -
S ool 8 Readers agree
g -A-9 Readers agree
-
£ 40% |
(%]
(=]
£ 30%
e
=
=
5 20% -
<y
& 10%[
5
5 0% ‘ ‘ ‘ ‘ ‘ ‘
o 0 5000 10000 15000 20000 25000 30000

Time interval size (s)

Figure 2 Average (A) and maximum (B) incidental finding/false positive rate across 10 cases by reader’s threshold and time interval size.

detect small bowel lesions with a high sensitivity and a
large number of incidental/false positive findings. In our
study, each reader made a moderate number of incidental
or false positive findings per recording. The follow-
ing factors can help explain the moderate number of
incidental or false positive findings: 1) the novice readers
were asked to perform the capsule endoscopy analysis
in a detailed, thorough and highly cautious fashion in
an attempt to minimize the possibility of missing small
bowel lesions; 2) the readers were untrained in interpreting
capsule endoscopy images; 3) the “lodging” of capsule
around the same spot in the small bowel caused some of
the readers to thumbnail the same lesion several times; and
4) some of the incidental or false positive findings were
small lesions, such as focal petechiae, areas of erythema or
“mucosal breaks” with their clinical significance being still
debatable.

We found that novice readers with minimal endoscopic
experience were able to detect lesions on capsule
endoscopy with a moderate-to-high sensitivity. Though
the majority of the readers were unable to achieve 100%
individual sensitivity, if we view the results by this panel of
novice readers as a whole, every single gold standard target
was detected. Therefore, perhaps the concept of analyzing
the same capsule endoscopy recording by multiple novice
readers may be an alternative yet effective and accurate
method to interpret the capsule endoscopy images. This
alternative approach might decrease the risk of having any
lesions undetected by a single reader.

Inter-observer variability in analyzing capsule
endoscopy recordings has been studied by Levinthal ez
a'?. The combined sensitivity of the group of novice
readers from our study is comparable with the result
achieved by Levinthal ez /', In another published series,
inter-observer variability was evaluated by comparing the
interpretation results on 20 capsule endoscopy cases of
an attending gastroenterologist and a 4" year therapeutic
endoscopy student who has reviewed 15 capsule
endoscopy cases prior to the participation of this study“SJ.
The authors found that there is a complete agreement
between the two readers in 18/20 cases. Nonetheless, this

study only compared the clinically significant findings and
did not report the number of incidental/false positive
findings.

However, studies on inter-observer variability on
capsule endoscopy interpretation are mostly documented
in abstract forms. Hoffman ez a/'” showed that physician
extenders could save gastroenterologists’ time in capsule
endoscopy interpretation.

Analyzing capsule endoscopy recordings requires a
significant time commitment from the gastroenterologist.
As a result, a few studies have investigated the potential
of using physician extenders to serve as screeners for
interpreting capsule endoscopy images. The results from
our study showed that novice readers could achieve a high
sensitivity in capsule endoscopy analysis when their results
were combined as a group. Therefore, to analyze the same
capsule endoscopy recordings by multiple novice read-
ers may be the most effective and accurate method for
detecting all significant lesions on capsule endoscopy. This
is especially important because some lesions may appear in
a single frame and could be easily missed by a single reader.
An analogy to this method is the airport luggage screening
process, in which the luggage is screened through the
X-ray/CT scanners, whereby the television screen is
monitored by “highly trained” individuals who detect
the “high risk items” (analogous to lesions). Suspicious
bags are subsequently re-X-rayed and screened by several
individuals and then high-risk items are manually inspected
(analogous to endoscopy, push enteroscopy or surgical
investigation).

Our study is the first systematic study to date
addressing the issues of inter-observer variability in
capsule endoscopy image analysis by a large group (>4
individuals) of readers. The most important clinical
conclusion of our study is that a panel of novice readers
with minimal endoscopic experience can detect small
bowel lesions on capsule endoscopy recordings and pre-
screen recordings to thumbnail potential abnormalities
with a high sensitivity, allowing the gastroenterologists to
review only the thumbnailed potential abnormalities. This
concept serves as an alternative method to those proposed
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in the previous studies (i.e. using gastroenterology stu-
dents or endoscopy nurses). Furthermore, perhaps the
most effective way to accurately detect all abnormalities
on capsule endoscopy recordings is to analyze the same
capsule endoscopy case by a number of readers. This
apptroach to capsule endoscopy image analysis may
decrease the number of medical errors. Our results suggest
once again that physician extenders can serve as screeners
for interpreting capsule endoscopy images and save a
significant amount of time of the gastroenterologists and
make capsule endoscopy mote cost-effective and attractive
to practising gastroenterologists. However, due to the
moderate number of incidental/false positive findings,
gastroenterologists must review these thumbnails to
determine the clinical relevance of each finding. Future
studies should also estimate the amount of time that
gastroenterologists have to spend on the assessment of all
the incidental and false positive findings by the physician
extenders. Additional studies are ongoing to assess other
reader cohorts’ (endoscopy nurses, gastroenterology stu-
dents, medical residents, non-medical personnel) abilities
to detect abnormalities on capsule endoscopy before
physician extenders begin to screen capsule endoscopy in
everyday clinical practise.
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