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ABSTRACT

ARTICLE HISTORY

Background: Capsule endoscopy is a widely recognized method to study the small bowel, including
in patients with Crohn’s disease (CD). The Lewis score (LS) is a valuable tool in this setting, able to
assess inflammatory activity. TOP100, a new software tool of the RAPID ReaderV, emerged to assist in
the time-consuming capsule reading process, by automatically selecting 100 images that will most
likely contain abnormalities.
Aim: Evaluate the agreement between TOP100 and classic reading (CR) in determining LS in the setting of CD.
Methods: Retrospective study including consecutive patients undergoing small bowel capsule endoscopy (SBCE) for suspected or established CD. One experienced reader performed CR and calculated
the LS. Another experienced reader, blinded to the CR results, reviewed all SBCE videos using TOP100
and calculated the LS.
Results: One hundred and fifteen patients were included. SBCE detected significant inflammatory
activity (LS 135) in 64 patients (55.7%). We verified a strong agreement between the two methods
of capsule reading (Kappa ¼ 0.83, p < .001), with an agreement on 89.6% of the cases. The agreement
was superior in moderate-to-severe inflammatory activity (Kappa ¼ 0.92, p < .001). All cases of moderate-to-severe activity detected by CR were identified by TOP100 as significant inflammatory activity. A
good agreement was verified in all tertiles (p < .001).
Conclusions: Although the classical review of the entire video remains the gold standard, the TOP100
has been shown to be a useful tool in assisting the reader in a prompt calculation of LS, in particular
for identifying patients with moderate-to-severe inflammatory disease.
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Introduction
Capsule endoscopy (CE) has revolutionized our ability to
visualize the small bowel mucosa. Since its introduction in
clinical practice in 2001, CE technology has evolved significantly. For instance, battery life is longer, image capture
frame rate and angle of view have increased, light control
has been optimized, and real-time viewing systems are now
available. However, despite several improvements, capsule
reading is still a time-consuming process. In fact, although
capsule administration requires only a few minutes, small
bowel capsule endoscopy (SBCE) transit through the small
bowel lasts on average about 2–5 h, which results in
14,400–72,000 frames, depending on capsule frame rate [1].
This large amount of visual information requires careful
evaluation by the reader, and depending on the operator
experience, quality of bowel preparation, intestinal transit
time, and the frequency of relevant findings, it can take
approximately 45–120 min to complete entire analysis. [2]
Several attempts have been made to develop technical
software features in order to make CE analysis easier and
shorter without compromising its accuracy [3,4]. GivenV
R
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Imaging Ltd. (Yoqneam, Israel) initially developed two automatic software tools for this purpose: Suspected Blood
IndicatorV (SBI) and QuickViewV (QV). SBIV selects automatically frames containing red pixels and therefore may detect
active or potentially bleeding lesions [5,6]. QVV selects the
most distinct images and hides similar patterns, resulting in
a significant reduction of reading time with a low diagnostic
miss rate when compared with manual mode [3,4,7].
In 2017, a new software tool emerged in the RAPID
ReaderV (Given Imaging) version 9.0 – the TOP 100 (Figure
1), which replaced SBIV, and that performs the automatic
selection of the 100 most distinct images that may contain
relevant findings.
To the best of our knowledge, no study has yet assessed
the usefulness of this tool in Lewis score (LS) calculation in
patients with Crohn’s disease (CD) in clinical practice.
SBCE has an established role in CD, since it may help to
confirm or exclude the diagnosis in patients with suspected
CD, and to assess disease extent and activity in patients with
an established diagnosis of CD [8–11]. The LS is a quantitative scoring index that measures small bowel inflammatory
R
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Figure 1. TOP 100 tool (blue arrow) in the RAPID ReaderV software.
R

activity, developed to standardize the interpretation of
lesions consistent with diagnosis of CD [12]. This score is
based on evaluation of the number and distribution of intestinal segments with villous edema, ulceration, and stenosis
[12]. Several studies have demonstrated the importance of
the LS to characterize and grade the inflammatory activity
on SBCE, providing an earlier and more accurate diagnosis of
CD in patients with suspected CD [13,14] and giving relevant
prognostic information [15]. The LS has been validated with
strong interobserver agreement [16], and an application for
its automatic calculation has been integrated into RAPID
ReaderV software, highlighting its utility and accessibility in
clinical practice.
The aim of this study was to evaluate the usefulness of
the TOP 100 in determining LS in the setting of suspected or
established CD, when compared with classic reading (CR).

biochemical, endoscopic, cross-sectional imaging, and histological investigations and were selected to undergo SBCE for
disease staging [18,19]. Patients with clinical symptoms indicating suspected obstructive small bowel disease, with history of small bowel resection or previously known stenosis,
were initially submitted to cross-sectional imaging to exclude
the presence of stenoses.
All patients were given standard instructions and had
written
informed
consent
before
the
procedure.
Demographic data were collected by reviewing medical records.

R

Methods
Patients
We performed a retrospective study including all consecutive
patients with suspected or established CD who underwent
SBCE in the Gastroenterology department of a university hospital, between April 2017 and September 2018.
Patients with suspected CD eligible to SBCE were selected
according to the International Conference on Capsule
Endoscopy (ICCE) criteria that recommends that patients
with suspected CD presenting with suggestive symptoms
plus either extraintestinal manifestations, inflammatory
markers, or abnormal imaging studies should be selected to
undergo SBCE [17].
As a single reference standard for the diagnosis of
Crohn’s disease does not exist, patients were defined as
established CD based on a combination of clinical,

SBCE procedure
The PillCam SB3V (Given Imaging) was used, and patients
were instructed to start a clear liquid diet for 24 h prior to
the exam and to fast for 12 h before the exam [20]. Patients
taking oral iron supplements were asked to stop it seven
days before the SBCE examination. Patients were allowed to
drink clear liquids 2 h after SBCE ingestion and to eat
solid food 4 h later once the SBCE passage into the small
bowel was confirmed with the Real Time Viewer (Given
Imaging) [20].
R

SBCE review
The SBCE videos were reviewed using the RAPID ReaderV
software version 9.0 (Given Imaging).
One gastroenterologist experienced in capsule reading
(>500 reviews), performed classical reading (CR) at a maximum speed of 10 frames per second in a single-view mode
[20], reported relevant findings and, after selecting the first
duodenal and cecal landmarks, systematically assessed
inflammatory activity for each patient with determination of
R
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Figure 2. Lewis score calculation.

the respective LS using the automatic calculator included in
the RAPID ReaderV software.
Another reader with equivalent level of experience and
whose interobserver agreement for the determination of the
Lewis score has been previously shown to be strong [16],
blinded to the CR results, reviewed all SBCE videos using
TOP 100 software after selecting the first duodenal and cecal
landmarks (Figure 1). Following that this reader selected the
relevant images among those displayed by TOP 100 and calculated the LS based on those individual frames (Figure 2).
To calculate the LS, the small bowel is first divided into
equal thirds  three tertiles, according to the small bowel
transit time of the capsule. For each tertile, villous edema
and ulcers are assessed based on its characteristics and
extension, whereas stenoses are globally evaluated throughout the study. The final score is the sum of the worstaffected tertile plus the stenosis score [12].
Small bowel inflammatory activity was classified by the LS
into three stages: no disease or clinically insignificant disease
(LS < 135); mild disease (135  LS <790); and moderate or
severe disease (LS  790) [12]. Incomplete capsules (those
not reaching the cecum within the battery time) were
excluded from study analysis.
R

Statistical analysis
Statistical analysis was performed with SPSSV version 23.0
(IBM, Armonk, NY, USA). Interobserver agreement between
the two methods of capsule reading for LS calculation was
determined using kappa statistics (k), which measures agreement over and above chance agreement. Negative values
correspond to disagreement, a kappa value of zero indicates
no agreement better than that which would be expected by
chance alone, and positive values correspond to agreement
[21]. Previously described classification of kappa coefficient
intervals that vary from poor to excellent was used: Values of
R

<0.21, 0.21–0.40, 0.41–0.60, 0.61–0.80, and >0.80 were designated as poor, fair, moderate, good, and excellent interobserver agreement, respectively [21,22]. Statistical significance
given with the kappa statistic refers to rejection of the null
hypothesis that the true kappa value is zero or no association other than by chance alone and was defined for p
value <.05.

Results
A total of 118 SBCE procedures performed in our department
between April 2017 and September 2018, for suspected or
established CD, were analyzed. Three patients had an incomplete SBCE and were excluded from the study – in all three,
no stenoses were diagnosed, the patients remained asymptomatic, and a routine abdominal radiography performed
after 14 days excluded the presence of the capsule within
the bowel. The remaining 115 patients were included, 74.8%
(n ¼ 86) were female, mean patient age of 36.2 ± 12.1 years. A
flowchart illustrating SBCE procedure study selection is presented in Figure 3.
The majority of patients (70.4%; n ¼ 81) performed SBCE
for suspected CD and 29.6% (n ¼ 34) for established CD. The
overall diagnostic yield of significant inflammatory lesions
(erosions, ulcers, and stenoses) by CR and TOP 100 was
55.7% and 47.0% (p ¼ .23), respectively. The TOP 100
detected 53/72 (73.6%) of the ulcers. There were identified
two stenoses (1.7%), both detected by TOP 100 (2/2). All
images selected by the TOP 100 that were false positives
were easily and promptly identified and ignored by the
experienced reader.
SBCE detected significant inflammatory activity (LS  135)
in 55.7% (n ¼ 64) of patients: 45.7% of suspected CD and
79.4% of known CD patients. The mean LS was 336 ± 623
and 286 ± 617 for CR and TOP 100, respectively. Patients’
inflammatory activity is detailed in Figure 4.
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good agreement was verified in all tertiles, being superior in
the first and third tertiles (Table 2).

We verified an excellent agreement between the two
methods of capsule reading (k ¼ 0.83, p < .001) (Table 1),
with an agreement on 89.6% of the cases. The agreement
was superior in moderate-to-severe inflammatory activity
(excellent). They agreed in 83.6% of SBCE with insignificant
inflammatory activity (LS < 135) (k ¼ 0.83, p < .001), 76.4% in
mild inflammatory activity (135  LS <790) (k ¼ 0.78,
p < .001), and 86.7% in moderate-to-severe disease (LS 790)
(k ¼ 0.92, p < .001) (Table 1). All cases of insignificant inflammatory activity detected by CR were identified by TOP 100,
as well as insignificant inflammatory activity. However, in 10
patients classified by CR as mild inflammatory activity, the
TOP 100 reading did not identify any significant inflammatory activity. We verified that all cases of moderate-to-severe
inflammatory activity detected by CR were identified by TOP
100 as significant (LS  135) inflammatory activity, although
two patients categorized by CR as moderate-to-severe
inflammatory activity were classified by TOP 100 as mild
inflammatory activity. However, all cases of moderate-tosevere inflammatory activity detected by TOP 100 were classified by CR as moderate-to-severe inflammatory activity. A

Discussion
SBCE is a widely recognized method to study the small
bowel, including in patients with suspected or established
CD [19,23]. However, the substantial amount of time spent
on capsule reading of entire small bowel is still a limitation
[24,25]. In an era of multitasking gastroenterology, automated fast reading software is promising to assist in this
time-consuming process and is an imperative progress in
capsule endoscopy research and development [4].
The TOP 100 is an automated tool of Rapid ReaderV software version 9.0 developed in 2017. This software tool automatically selects the 100 images with the highest probability
of containing abnormalities, after the identification of the
anatomical landmarks that limit the small bowel, i.e., first
duodenal image and first cecal image.
The TOP 100 utility has already been evaluated in the
context of mid-gastrointestinal bleeding (MGIB) by Arieira
et al. [26], revealing that the TOP 100 identified all sites of
active bleeding, as well as the vast majority of significant
lesions (83.5%); in particular, it detected over 95% of the
angioectasias, demonstrating that TOP 100 allows an early
identification of the most important findings in MGIB, constituting a potentially useful tool in the urgent setting. This
study showed the applicability of this software to individual
lesions such as angioectasias and tumors. Moreover, as the
TOP 100 depicts several images, we questioned for the purpose of the current study whether it could also be applicable
to diffuse diseases, like in the setting of CD.
In this study, we aimed to investigate if TOP 100 would
be a useful tool in swift determination of inflammatory small
bowel activity through calculation of LS in patients with suspected or established CD comparing to CR. To our knowledge, this is the first report concerning LS calculation with
TOP 100 software in SBCE. Besides, this is the first automated
tool of capsule reading in which LS calculation is feasible.
R

n=118 SBCE procedures performed for suspected
or established CD
n=3 excluded for
incomplete SBCE
n=115 included

Figure 3. Enrollment flowchart.
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Table 2. Interobserver agreement for Lewis score calculation of tertiles.
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Table 1. Interobserver agreement of capsule reading for Lewis score calculation.
Capsule reading

Interpretation

First tertile
0.79
<.001
0.72–0.86
Good
Second tertile
0.66
<.001
0.57–0.74
Good
Third tertile
0.75
<.001
0.69–0.81
Good
Definition of interobserver agreement: poor (k < 0.21), fair (k ¼ 0.21–0.4),
moderate (k ¼ 0.41–0.6), good (k ¼ 0.61–0.8), and excellent (k > 0.8) [19,20].
Statistically significant p values (p < .05) are highlighted in bold.
K: Kappa; CI: confidence interval.

k

p value

95% CI

Interpretation

Classic reading vs TOP 100
0.83
<.001
0.78–0.87
Excellent
Lewis score
Insignificant inflammatory activity (LS < 135)
0.83
<.001
0.78–0.88
Excellent
Mild inflammatory activity (135  LS < 790)
0.78
<.001
0.72–0.84
Good
Moderate-to-severe inflammatory activity (LS  790)
0.92
<.001
0.86–0.98
Excellent
Definition of interobserver agreement: poor (k < 0.21), fair (k ¼ 0.21–0.4), moderate (k ¼ 0.41–0.6), good (k ¼ 0.61–0.8), and excellent (k > 0.8) [19,20].
Statistically significant p values (p < .05) are highlighted in bold.
K: Kappa; CI: confidence interval; LS: Lewis score.
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As it is well known, SBCE may be helpful to confirm or to
exclude the diagnosis in patients with suspected CD, and to
assess disease extent and activity in patients with an established diagnosis of CD. The LS is a quantitative scoring system that has been validated [16], developed to measure
mucosal inflammatory activity assessed by SBCE [12].
In our study, 55.7% of SBCE contained significant inflammatory activity (45.7% of suspected CD and 79.4% of established CD), which is in line with previously reported in the
literature [13].
The TOP 100 was able to accurately identify most ulcers
and all stenoses. Although the TOP 100 did not detect some
of the significant inflammatory lesions, this did not significantly change inflammatory activity of small bowel categorization by the LS once the two methods of capsule reading
demonstrated an excellent agreement. Our perception is that
the extent and distribution of villous edema were more difficult to assess with this software. However, this suboptimal
evaluation of villous edema also did not significantly affect
the LS classification in non-significant, mild, or moderate-tosevere categories, keeping an overall excellent agreement
between the two methods of capsule reading.
It should be noted that although we documented two
stenoses, both were traversed by the capsule. The absence
of retention is a reassuring result and reflects our proper
selection of patients submitted to SBCE, according to the
recently published ECCO guidelines [18]. Recent meta-analysis [27] has reported lower retention rates in CD: 2.35% and
4.63% in suspected and established CD, respectively. The
authors enlighten that these results may largely be due to
avoidance of SBCE in high-risk patients.
Overall, there was a strong interobserver agreement for
the determination of the LS between the CR and the TOP
100. The agreement was higher in moderate-to-severe
inflammatory activity and we verified that all cases of moderate-to-severe inflammatory activity detected by TOP 100
were classified likewise by CR. Regarding insignificant and
mild inflammatory activity, although the agreement between
the two methods of capsule reading was good, there were
10 patients in which TOP 100 did not identify mild inflammatory activity that was detected by CR. As any small bowel
lesion may only be visible in just a few or even in a single
frame [28], and since we can have a significant inflammatory
activity with the presence of only one ulcer (LS ¼ 135), this
may not be noticed by TOP 100.
These results support the use of TOP 100 as an initial and
quick SBCE screening tool, accurately assessing for moderateto-severe inflammatory disease.
We found a good agreement between the two methods
of capsule reading in all tertiles, being very similar in the first
and third tertiles. So these data show that the TOP 100 selection remains reliable throughout the small bowel and can be
applied in the context of diffuse diseases.
There are some limitations of our study, comprising its
retrospective design, which precluded the comparison of the
mean reading time of CR versus TOP 100 reading.
Nevertheless, TOP 100 reading takes maximum 5 min analyzing the 100 images selected. We estimate that TOP 100 saves

5

more than 30 min, considering 40 min the mean time of CR
based on previous studies [5,29].
In conclusion, the TOP 100 can be a valuable tool to a
prompt calculation of LS in patients with suspected or established CD, primarily for identifying patients with moderateto-severe inflammatory disease, which needs swift management. ESGE recommendations [20,30] suggest that automated fast reading software may be used in conditions
affecting the small bowel mucosa diffusely, although this
should not replace conventional reading. Although CR
remains the gold standard, this study demonstrated that in
patients with moderate-to-severe inflammatory disease
revealed by TOP 100 reading, the review of the entire video
might not be essential and perhaps it could be dismissed in
this particular situation, thus saving time in SBCE reading.
Prospective, multicentric, larger studies are required to confirm these findings.
As automated reading software becomes a major focus
for capsule development, more studies are needed to confirm these results and establish particular settings where the
TOP 100 could adequately replace CR in SBCE.
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