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Abstract

AIM: To check the usefulness of blue mode (BM) re-
view in lewis score (LS) calculation, by comparing it
with respective LS results obtained by white light (WL)
small-bowel capsule endoscopy (SBCE) review and
mucosal inflammation as reflected by faecal calprotec-
tin (FC) levels, considered as ‘gold standard’ for this
study.

METHODS: Computational analysis of our SBCE da-
tabase to identify patients who underwent SBCE with
PillCam® and had FC measured within a 30-day period
from their test. Only patients with prior colonoscopy
were included, to exclude any colon pathology-asso-
ciated FC rise. Each small bowel tertile was reviewed
(viewing speed 8 fps) with WL and BM, in a back-to-
back mode, by a single experienced reviewer. LS were
calculated after each WL and BM reviews. Pearson
rank correlation (/0 r) statistic was applied.
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RESULTS: Twenty-seven (7 = 27, 20F/7M) patients
were included. Thirteen (7 = 13) had SBCE with Pill-
Cam®SB1, and the remainder (7 = 14) with PillCam®
SB2. The median level of FC in this cohort was 125 pg/g.
LS (calculated in WL SBCE review) correlation with FC
levels was r = 0.490 (P = 0.01), while for BM review
and LS correlation with FC was r = 0.472 (P = 0.013).

CONCLUSION: Although BM is believed to enhance
mucosal details i.e., small mucosal breaks, it did not
perform better than WL in the calculation of LS in our
cohort.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Since its introduction in clinical practice, small-bowel
capsule endoscopy (SBCE) has been established as
a main, non-invasive imaging modality for the small-
bowel. It has already showed to be a superior—to most
existing radiological techniques—diagnostic tool in the in-
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vestigation of obscure gastrointestinal bleeding (OGIB),
although its role in Crohn’s (CD) is less clear'. Assess-
ment of the full length of the small-intestine is often
required not only to evaluate patients with suspected,
but also those with established CD™”. However, as the
diagnosis of CD remains a clinical one -based on the
combination of clinical, radiologic, endoscopic, and
histologic findings-, caution is advised in using findings
on SBCE as the primary means of making a diagnosis
of small-small CD". Furthermore, SBCE is also a use-
ful modality in identifying the impact of non-steroidal
anti-inflammatory drugs (NSAIDs), i.e., mucosal breaks,
surface denudation and strictures in the small-bowel ™.

Until recently, the use of SBCE in monitoring the
extent and activity of small-bowel inflammation is lim-
ited due to a lack of standardisation in systematically
reporting small-bowel mucosal inflammatory change.
To this end, Gralnek ef a/* developed a scoring index —
known since as the Lewis score (LS) - which examines 3
endoscopic parameters: villous oedema, ulceration and
luminal stenosis. The investigators set thresholds where
LS < 135 denotes normal or clinically insignificant mu-
cosal inflammatory change, LS > 135 and < 790 denotes
mild and .S = 790 severe inflammation.

One of the new features of PillCam” (Given® Imag-
ing Ltd., Yokneam, Israel) reading software (RAPID®)
is the integration of the LS and the image enhancement
toggle button (in versions 5, 6 and 7). The former pro-
vides a screen for LS calculation, while the latter offers
both flexible spectral imaging colour enhancement (FICE
1, 2 and 3) as well as blue filtering, all with the simple
click of a button. Blue filtering or blue mode (BM) is a
colour coefficient shift of light in the short wavelength
range (490-430 nm) superimposed onto a white light
(WL) (red, blue, green; RGB) image.

Calprotectin, on the other hand, is a protein complex
of the S-100 family of calcium binding proteinsm. It is
found in high concentration in the cytosol of neutro-
phils and is resistant to intestinal degradation for up to a
week, thus distributed throughout the stool where it can
be readily detected using standard enzyme linked immu-
nosorbent assays (ELISA)®. The normal range has been
well defined as < 50 pg/g; levels < 20 pg/g are consis-
tent with non-detectable calprotectin in faeces (FC). FC
is raised in inflammatory, infective and/or neoplastic
enteropathies'”.

Since the initial description by Fagerhol ez al”,
several studies have been published showing close coz-
relation between faecal calprotectin (FC) concentration
and conventional endoscopy, faecal leukocyte excretion
quantified with indium, small bowel MRI and SBCE"",
Therefore, FC is considered as a specific and highly sen-
sitive marker of gut inflammation’""”.

We are set to examine the usefulness of image en-
hancement, and in particular BM, in calculating the LS,
as compared with relevant scores obtained by WL review
of SBCE sequences. FC was used as the gold standard
for quantitying small-bowel inflammation.
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MATERIALS AND METHODS

SBCE video sequences were reviewed with the PillCam®
Platform (RAPID®7.0 software), on a 21-inch widescreen
monitor using a maximised single view window at a speed
of 8 frames per second (fps). The review was performed
by a single, experienced reviewer in a room with dimmed
lights. Video sequences were not de-identified; however,
captured thumbnails were not available to the reader (with
the exception of captured anatomical landmarks).

WL review was performed with the Quick Adjust
function “on” and with the following predefined set-
tings: sharpness 1, brightness 1 and colour 2.

18" was calculated for each study by inputting
the necessary parameters (quantitative and qualitative
descriptors relating to villous oedema, ulceration and
stenosis) into the RAPID"7.0 workstation algorithm.
LS were calculated for each tertile, by switching consecu-
tively between WL and BM review.

In our centre, we have adopted a modified 4-point
grading scale (poor, fair, good, and very good; from 0
to 3) to describe small-bowel cleansing. The score de-
pends on the proportion of visualized mucosa and the
extent of obscuration by intraluminal food debrtis, turbid
fluids, bubbles or bile as follows: grade 3 (very good vis-
ibility): > 75% mucosa visible; grade 2 (good visibility):
50%-75%; grade 1 (average visibility): 25%-50%; and
grade O (poor visibility): < 25% mucosa seen"”,

Statistical analyses were carried out with a statistical
package program for Windows (Minitab” version 16,
Minitab Ltd, Coventry, United Kingdom). All P values
presented herein are 2-tailed. A P value < 0.05 was
considered statistically significant. Numerical values are
herein expressed as median with lower (Q1) and upper
(Q3) quartile values following in parentheses. Pearsons’

correlation coefficient (7, 7bo) was used to measure statis-
tical dependence between two variables.

This study was conducted in accordance with United
Kingdom research ethics guidelines. After review by the
local ethics committee, further specific ethical review
and approval were not required, as the study was con-
sidered a retrospective audit work using data obtained as
part of regular patient care.

RESULTS

Twenty seven (# = 27, 20 females/7 males) patients were
included. The median age of the cohort was 40 years (Q1:
24 year, Q3: 55 year). The indications for SBCE were:
clinical symptomatology compatible with small-bowel
CD (#» = 19), abnormal small-bowel radiology (# = 2),
reassessement of established CD (7 = 3), iron deficiency
anaemia F other clinical symptoms (z = 3).

Thirteen (7 = 13) SBCE were performed with Pill-
Cam"SB1, the remaider with PillCam"“SB2. The capsule
endoscope reached the caccum in 25/27 cases, hence 25
cases were used for further analysis. All 25 patients had
undergone, for the purpose of their clinical work-up, a
colonoscopy ptior (and at a reasonable interval) to their

February 16, 2012 | Volume 4 | Issue 2 |



A 6000 |

5000 1

~
(@)
(]
(@)

3000 |

2000 1

LS (white light)

1000

Koulaouzidis A et a/. Blue mode and Lewis score

VAN

oL i
0 200 400
Faecal calprotectin (ug/g)

6000 f
A
5000 1
4000

3000 r

LS (blue mode)

1\
o
=
e}

1000 ¢

| A,

600 800 1000 1200 1400 1600 1800

A

600
Faecal calprotectin (ug/g)

0 200 400

800 1000 1200 1400 1600 1800

Figure 1 Scatrerplots of correlation between Lewis score calculated with wight light capsule sequence review (A) and with blue mode (B) with faecal cal-

protectin levels. LS: Lewis score.

SBCE. This was to ensure that the obtained FC results
reflected levels of the small-bowel mucosal inflamma-
tion and not any colonic pathologym.

The median small-bowel transit time was 04:11:10,
while the median small-bowel cleansing score was as-
sessed at 2.33 (Q1: 1.66, Q3: 2.33). The median FC was
125ug/g (Q1: 87.5 pg/g, Q3: 262.5 pg/g). The median
time from obtaining a stool specimen for FC to having
SBCE was 0 d (Q1: -6.5 d, Q3: 4.5 d; where the (-) sign
denotes that the specimen for FC was obtained after the
SBCE was performed).

The correlation between LS (calculated in WL SBCE
review) and FC levels was moderate to weak (rho: 0.490,
P = 0.010), while the relevant value for BM SBCE review
was rho: 0.472, P = 0.013. (Figure 1A and B). There was
no statistically significant difference between the LS-WL
and LS-BM (P = 0.8976). When only the ulcer-competent
of the LS was examined, BM failed to provide any addi-
tional information to WL review (P = 0.213).

The cohort (7 = 25) was then divided further to 3
sub-groups, based on FC results"”; group A (» = 8) with
FC < 100 ng/g, group B (» = 8) with FC = 100 pg/g
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and < 200 pg/g, and group C (z = 9) with FC 200 ng/g.
In group A, the correlation of LS-WL and LS-BM with
FC was rho = 0.479 vs rho = 0.376 (P = 0.842); in group B,
rho = 0.123 vs rho = -0.1653 (P = 0.845); and in group C,
rho = 0.227 vs rho = 0.215 (P = 0.983), respectively.

Once more, there was no statistical difference be-
tween the 2 LS (with WL and BM) calculations in any
of the three groups (or groups A, B and C; P = 0.4388,
0.3809 and 0.9935, respectively).

DISCUSSION

Lewis Score is considered a standardised means of re-
porting the presence and degree of clinically significant
(irrespective of aetiology) mucosal inflammatory chang-
es seen on CEY. It was devised, internally validated and
presented in 2006/7, by a group of expert gastroentet-
ologists, from the review of a total of 44 de-identified
SBCE studies. Its use helps to reduce subjectiveness, as
it is based on the variables/parameters associated with
mucosal disease, namely mucosal breaks, villous oe-
dema and stenosis. It has since been incorporated into
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the RAPID" software (Given® Imaging Ltd., Yokneam,
Israel) and is easily calculated using the parameter entry
algorithm.

Image enhancement techniques, such as FICE and
BM, have also been incorporated in the RAPID"” soft-
ware. Virtual chromoendoscopy has been already widely
used in conventional endoscopy, aiming to improve
diagnostic yield by enhancing the contrast between back-
ground and surface mucosal abnormalities, through nar-
rowing the bandwidth of WL to that of blue-green light.
To date, the published experience of its use in SBCE is
only limited”"**, Furthermore, the ability of chromo-
endscopy to improve detection rate of clinically signifi-
cant lesions during SBCE is still questionable[zﬂ. Imaga-
wa et al™™ have reported that FICE application provided
improved image quality of angioectasias, erosion/ul-
cerations, and vatious tumours, when FICE wavelength
settings 1 and 2 were used. In a more recent pilot study
thoughm], the same group found that the detection rate
of ulceration/erosion did not differ statistically between
conventional i.e., WL-SBCE and FICE-SBCE review.

The experience with BM application in SBCE reading
is even more limited”"*. BM is a colour cocfficient shift
of light in the short wavelength range (490-430 nm) su-
perimposed onto a WL image. Abdelaal ez al” found that
by employing BM in SBCE they detected more superfi-
cial erosions and oedema than with WL. They prospec-
tively reviewed a total of 20 SBCE from patients with
cirrhosis, at speed of 8 fps, and identified more erosions
than with WL. We recently showed that BM provides im-
age improvement for many SBCE lesion categories, but
1s more useful in enhancing visualisation of surface mu-
cosal changes, e.g., mucosal breaks, ulcerations (in > 90%
of cases) and mucosal cobblestoningm. This seems to
be of particular importance in LS calculation, as one of
the three LS parameters is the presence and number of
mucosal breaks/ulcers. Although LS has been internally
validated, it can be as good as and the current capsule
technology level, i.c., lack of directionality, lack of con-
trolled speed of capsule transit, allow to be.

Therefore, in order to compare results from LS
calculation with different modes, more objective bio-
chemical markers of small-bowel inflammation i.e. faecal
calprotectin or lactoferrin are needed as reference tests.
FC is contained in faeces at levels proportional to the
amount of neutrophil migration to the intestinal wall
and luminal cell shedding. In the absence of colonic pa-
thology, FC levels reflect in an accurate and reliable way,
the degree of small-bowel mucosal inflammation'""”.
As such, it was used as “gold standard” for quantifying
small-bowel inflammation, hence mucosal breaks or dis-
ruption, for the purposes of this study™.

With the cutrrent study we demonstrated that the use
of BM, despite our initial hypothesism, offered little aid
(in comparison to WL) in LS calculation. In fact, LS cal-
culation with BM showed slighly weaker (as compared to

LS-WL) correlation to FC (rho = 0.472 vs rho = 0.490),
although this did not reach statistical significance (P =

(49
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0.938). Furthermore, it is worth noting that the correla-
tion between LS (irrespective of viewing mode) and FC
was weak (rho < 0.5). This could only partially be ex-
plained by the fact that the stool specimen collection was
obtained on the day of the SBCE test in just one fifth
of cases. In the remainder (z = 20), the stool specimen
for calprotectin was obtained in period of * 30 d from
the SBCE", Interestingly, Imagawa ef al™ also showed
that the difference in erosive/ulcerative lesion detection
between conventional SBCE and SBCE-FICE (at the
various settings) was not statistically significant. This
simply means that although chromoendoscopy works
well in improving the image quality of captured lesions,
it does not lead to improved lesion detection. Of course,
this should not come as a surprise, as chromoendoscopy
has nothing to do with the vatious parameters of image
acquisition like the speed of small-bowel transit by the
capsule, the lack of directionality or the unpredictable
change of field of view

Our study is retrospective and as such it was not pos-
sible to standardise the interval between FC measure-
ment and SBCE/colonoscopy. Furthermore, the use of
one reviewer following a strict protocol- may have intro-
duced observational bias, when sequentially comparing
images in BM and WL.

COMMENTS

Background

The use of small-bowel capsule endoscopy (SBCE) in monitoring the
extent and activity of small-bowel inflammation has been limited due to a
lack of standardisation in systematically reporting small-bowel mucosal
inflammatory change. Lewis score (LS) was developed out of this need and
examines 3 endoscopic parameters: villous oedema, ulceration and luminal
stenosis. Thresholds are: LS < 135, normal or clinically insignificant mucosal
inflammatory change; LS > 135 and < 790, mild inflammation; and LS =
790 severe inflammation. Furthermore, virtual chromoendoscopy (Fujinon
® Intelligent Color Enhancement, FICE) has been incorporated in the Rapid
software (Given® Imaging Ltd, Yokneam, Israel) with aim to increase the
detection of lesions in capsule endoscopy.

Research frontiers

There are scanty data on the use of virtual chromoendoscopy (FICE or blue
mode filter) in small-bowel capsule endoscopy. The crucial question, should
this method becomes a regular adjunct in reviewing SBCE videos, is if it
improves the detection rate of clinically relevant lesions. Gupta et al showed
that FICE is not better than white light for diagnosing significant lesions on
SBCE for obscure Gl bleeding, although some vascular lesions could be more
accurately characterized with FICE as compared to white light SBCE. Abdelaal
et al found that Blue Mode viewing leads to better detection and visualization
of vascular and non-vascular lesions. We also extensively checked the use of
FICE and Blue Mode in 6 different lesion-categories obtained from 200 capsule
endoscopy examinations. We found that comparing with FICE, Blue Mode filter
offers better image enhancement in capsule endoscopy.

Innovations and breakthroughs

LS [calculated in white light (WL) SBCE review] correlation with FC levels was
r=10.490 (P = 0.01), while for BM review and LS correlation with FC was r =
0.472 (P = 0.013). There was no statistically significant difference between the
LS-WL and LS-BM (P = 0.8976).Although BM is believed to enhance mucosal
details i.e., small mucosal breaks, it did not perform better than WL in the
calculation of LS in this cohort.

Applications

Data on the validity of virtual chromoendoscopy in SBCE are limited and,
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to a great extent, discordant. Further larger scale, multi-center, randomized
controlled trial would be of value to determine if has a role in improving
diagnosis in SBCE.

Terminology

Virtual chromoendoscopy: an imaging technique that is based on narrowing the
bandwidth of the conventional endoscopic image arithmetically, using spectral
estimation technology. FICE: (Fuiji Intelligent Color Enhancement), Fujinon
@ intelligent chromo endoscopy system. Blue filtering or Blue Mode (BM): a
colour coefficient shift of light in the short wavelength range (490-430 nm)
superimposed onto a WL (red, blue, green; RGB) image. Lewis score (LS): a
SBCE inflammation scoring system which examines 3 endoscopic parameters:
villous oedema, ulceration and luminal stenosis.

Peer review

The present paper is a retrospective cohort study. The article is well written,
and topic is interesting and novel.
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