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Background:  Small  bowel  capsule  endoscopy  represents  the initial  investigation  for  obscure  gastroin-
testinal  bleeding.  Flexible  spectral  imaging  colour  enhancement  (FICE)  is a virtual  chromoendoscopy
technique  designed  to  enhance  mucosal  lesions,  available  in different  settings  according  to  light  wave-
length  – FICE1,  2 and  3.
Aims:  To  compare  the  diagnostic  yield  of FICE1  and  white  light  during  capsule  endoscopy  in  patients  with
obscure  gastrointestinal  bleeding.
Methods:  Retrospective  single-centre  study  including  60 consecutive  patients  referred  for small  bowel
capsule  endoscopy  for  obscure  gastrointestinal  bleeding.  Endoscopies  were  independently  reviewed  in
FICE1 and  white  light;  findings  were  then  reviewed  by  another  researcher,  establishing  a  gold  standard.
Diagnostic  yield  was  defined  as the  presence  of  lesions  with  high  bleeding  potential  (P2)  angioectasias,
ulcers  or  tumours.
Results: Diagnostic  yield  using  FICE1  was  significantly  higher  than  white  light  (55%  vs  42%,  p  = 0.021).  A
superior  number  of  P2  lesions  was  detected  with  FICE1  (74  vs  44,  p =  0.003),  particularly  angioectasias

(54  vs  26,  p =  0.002),  but  not  ulcers  or tumours.
Conclusions:  FICE1  was  significantly  superior  to white  light,  resulting  in  a 13%  improvement  in diagnostic
yield,  and  potentially  bleeding  lesions  particularly  angioectasias  were  more  often  observed.  Our  results
support  the  use  of  FICE1  while  reviewing  small  bowel  capsule  endoscopy  for  obscure  gastrointestinal
bleeding.

©  2015  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Small bowel capsule endoscopy (SBCE) was introduced in clin-
cal practice at the start of the millennium, allowing for the
on-invasive observation of the entire small bowel mucosa, and

acilitating the diagnosis of small bowel diseases [1]. Obscure gas-
rointestinal bleeding (OGIB), defined as bleeding of unknown
rigin that persists or recurs after a negative primary endoscopic
tudy – esophagogastroduodenoscopy (EGD) and colonoscopy – is,

longside inflammatory bowel disease, one of the prime indications
or SBCE [1,2].

∗ Corresponding author at: Centro Hospitalar do Alto Ave – Guimarães, Rua dos
utileiros, Creixomil, 4831-044 Guimarães, Portugal.
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The diagnostic yield of SBCE in patients presenting with OGIB
was previously shown to be superior to other modalities, including
push enteroscopy, computed tomography and angiography [3,4],
and non-inferior to double-balloon enteroscopy [5]. SBCE diagnos-
tic capabilities, coupled with its non-invasiveness, helped cement
its position as the first line diagnostic procedure in OGIB [1]. Never-
theless, despite the technological improvements such as increased
battery time and improved image resolution, the diagnostic yield
for white light SBCE in patients presenting with OGIB is 40–60%
[1,6].

Virtual chromoendoscopy techniques, such as the flexible spec-
tral imaging colour enhancement (FICE, Fujinon Corporation®,
Saitama, Japan), were recently developed with the objective of

enhancing surface patterns or mucosal lesions through the narrow-
ing of white light bandwidth and reconstituting virtual images for
different wavelengths of red, green and blue [7]. In FICE, different
wavelength settings correspond to one of three different modes:
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Table 1
Baseline characteristics of patients who underwent small bowel capsule endoscopy
for  obscure gastrointestinal bleeding.

N 60
Median age (years) 63.8 (19–89)
Female gender 36 (60.0%)
Occult OGIB 48 (80%)
Visible OGIB 12 (20%)
Median haemoglobin (g/dL) 9.0 (5.0–15.0)
Diabetes mellitus 24 (40.0%)
Chronic kidney disease 5 (8.3%)
Arterial hypertension 30 (50.0%)
Ischaemic heart disease 17 (28.3%)
Antiplatelet drugs 31 (51.7%)
Anticoagulant drugs 14 (23.3%)
NSAIDs 12 (20.0%)
P. Boal Carvalho et al. / Digestive

ICE1 (wavelength red 595 nm,  green 540 nm, blue 535 nm), FICE2
wavelength red 420 nm,  green 520 nm,  blue 530 nm), or FICE3
wavelength red 595 nm,  green 570 nm,  blue 415 nm). FICE has
een employed in both the upper and lower digestive tract [8,9],
s well as in the small bowel, through double balloon enteroscopy
10]. The use of FICE in SBCE was demonstrated by several authors
o be both feasible and simple to use, as well as easily accessible, as
t is integrated in the RAPID Reader workstation (Given Imaging®,
oqneam, Israel) [6,7]. Some authors reported an improvement

n small bowel lesions visibility when using FICE [11,12], but the
mpact on the diagnostic yield for OGIB is yet unclear [6,13,14].
ICE1, in particular, was shown by some authors to be superior
o other virtual chromoendoscopy modes during SBCE reviewing
11,15,16].

We aimed to compare diagnostic yield and number of poten-
ially bleeding small bowel lesions between white light (WL) and
ICE1 in patients undergoing SBCE for OGIB. Furthermore, we  com-
ared the incidence of rebleeding at 24 months for patients with
onfirmed negative examinations vs patients with negative exam-
nations under WL  but having P2 lesions detected by FICE.

. Methods

We  performed a retrospective single-centre study including 60
onsecutive patients presenting with OGIB who  underwent SBCE
n our department starting January 1st, 2011 (last patient included
n May  11th, 2011). In every patient, an EGD and colonoscopy were
erformed, prior to the SBCE (interval < 6 months), which were
on-diagnostic. OGIB was classified as visible when the patient
resented with either melena or haematochezia, and occult if
here was iron deficient anaemia (haemoglobin < 13 g/dL for men,
12 g/dL for women) or a positive faecal occult blood test (FOBT). All
atients had written informed consent for SBCE examination. The
tudy was previously approved by the Hospital ethics committee.

Patient drug use and relevant medical history was registered
n a checklist prior to the SBCE procedure, per department proto-
ol. Past medical history was collected for diabetes mellitus, arterial
ypertension, chronic kidney disease (defined as a creatinine clear-
nce rate < 60 mL/min/m2) and ischaemic heart disease, as well as
rug use in the 30 days previous to the SBCE: antiplatelet drugs
low-dose aspirin, thienopyridines), anticoagulant drugs [warfarin,
ow molecular weight heparin (LMWH)] and non-steroidal anti-
nflammatory drugs (NSAIDs). Patients with incomplete SBCE,
efined as the capsule not reaching the cecum before the battery
xpired, as well as patients with less than 24 months of follow-
p, were excluded. Patients submitted to therapy of small bowel

esions found on SBCE were excluded. PillCamTM SB2 capsule (Given
maging®, Yoqneam, Israel) was used. Patients were instructed to
dhere to a clear liquid diet on the day prior to the procedure, as
ell as a 12 h fast; no additional bowel preparation was employed.

Four gastroenterologists with experience in SBCE (>100 exam-
nations), whose inter-observer percentage of agreement was
reviously shown to be excellent (Fleiss Kappa coefficient >0.8 for
ICE1) [16], independently reviewed the SBCE as follows: each one
eviewed 15 videos with conventional WL  and another 15 videos
sing FICE1, such that each SBCE was reviewed once with WL by one

nvestigator and once with FICE1 by another investigator, avoiding
ny overlap, and blinded to the other researchers’ findings. All pro-
edures were reviewed with a reading speed of 10–12 frames per
econd.

All SBCE were afterwards independently reviewed by another

astroenterologist with vast experience in SBCE (>500 exam-
nations), in order to establish a gold standard and identify
alse positive results from either visualization technique. Small
owel lesions were described using the extensively employed
OGIB, obscure gastrointestinal bleeding; NSAID, non-steroidal anti-inflammatory
drugs.

classification of Saurin et al. [17], as P0 (no bleeding potential,
such as nodules and lymphangiectasias), P1 (uncertain bleeding
potential, such as red spots or small erosions) and P2 (high bleed-
ing potential, such as angioectasias, ulcers, tumours or varices).
Primary outcomes were defined as the number of P2 lesions
encountered and the diagnostic yield using FICE1 and WL.  Diagnos-
tic yield was considered for the presence of at least one P2 lesion
in the small bowel after false positive result exclusion.

The secondary outcome was to analyze rebleeding rates within
two years of SBCE. Rebleeding was defined as evidence of melena
or haematochezia, symptomatic anaemia, need for blood transfu-
sion or a decrease in haemoglobin concentration value superior to
2 g/dL, following non-diagnostic EGD and total colonoscopy.

Statistical analysis was  performed using SPSS 21.1TM (WinWrap
BasicsTM). Univariate analysis was performed for comparison of
findings, diagnostic yield and rebleeding rate between FICE1 and
WL,  using paired-samples t test for continuous variables and the
McNemar test for categorical variables. Statistical significance was
defined for p-value < 0.05. Quantitative values are presented as
mean ± standard deviation.

3. Results

Overall 60 patients were enrolled (60% females, mean age,
64 ± 18 years); 12 were inpatients (20%), and bleeding site was
visible in 12 cases (20%); mean haemoglobin concentration val-
ues were 9.0 ± 2.2 g/dL. Forty five patients (75%) presented with at
least one comorbidity. The population baseline characteristics are
summarized in Table 1.

During FICE1 visualization, 63 angioectasias, 17 ulcers and 4
tumours were identified. After video review and comparison, 9 of
the angioectasias and 1 tumour were found to correspond to false
positive results (considered by the central reader to be either an
artefact or a P1 lesion, such as a red spot), and were subsequently
excluded from the comparative analysis. The false positive rate for
P2 lesions during FICE1 observation was  10/84 (11.9%), correspond-
ing to a specificity of 88%, while no false positive result for P2 lesions
was obtained in WL  visualization. SBCE findings for both FICE1 and
WL after the exclusion of false positives are summarized in Table 2.
No false negatives were found during FICE1 SBCE reviewing.

Diagnostic yield for SBCE in patients presenting with OGIB was
significantly higher when the procedures were reviewed in FICE1
compared to WL  (55% vs 42%, p = 0.021); 8 patients previously con-
sidered to have a normal exam or P1 lesions during WL  visualization

were diagnosed with P2 lesions with FICE1, corresponding to a 13%
increase of the SBCE diagnostic yield. Moreover, the total num-
ber of P2 lesions observed with FICE1 was superior when WL was
employed (74 vs 44, p = 0.003).
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Table  2
Small bowel capsule endoscopy findings in white light and flexible spectral imaging
colour enhancement mode 1.

White light FICE1 p

Bleeding risk, patients (%)
P0 18 (30) 9 (15) 0.021
P1  17 (28) 18 (30)
P2  25 (42) 33 (55)

Small bowel capsule endoscopy lesions
P1 lesions

Erosions/red spots 43 73 <0.001
P2  lesions

Angioectasias 26 54 0.003
Ulcers 15 17 0.548
Tumours 3 3 1.000
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Fig. 1. Angioectasia visualization during small bowel capsule endoscopy using FICE1
ICE1, flexible spectral imaging colour enhancement mode 1; P0, lesions with no
leeding potential; P1, lesions with uncertain bleeding potential; P3, lesions with
igh bleeding potential.

When analysing the different P2 lesions, significantly more
mall bowel angioectasias were found when using FICE1 (54 vs 26,

 = 0.003), but no differences were observed regarding ulcers (17 vs
5, p = 0.568) or tumours (3 vs 3, p = 1.000). Visualization of a small
ngioectasia during SBCE using FICE1 and WL  is presented in Fig. 1.

With regard to non-P2 small bowel lesions, FICE1 allowed for
he observation of a significantly larger number of erosions (73 vs
3, p < 0.001) after false-positive results were excluded. The rate for
alse positive P1 lesions was 12/93 (12.9%) during FICE1 observa-
ion, and 3/46 (6.5%) for WL  visualization.

Rebleeding during follow-up was observed in 16 patients
26.7%), of which 10 during the first year (61.7%). Patients with
t least one P2 lesion on FICE1 experienced rebleeding dur-
ng follow-up in 11/33 cases (33.3%), compared to 5/27 patients
18.5%) with no P2 lesions (p = 0.197). FICE1 detected P2 lesions
n 11/16 patients presenting with rebleeding (68.7%), compared to
/16 for WL  visualization (50.0%; p = 0.250). No differences were
bserved in the mean detected P2 lesions during SBCE in patients
resenting with rebleeding (1.38 vs 1.18, p = 0.709). Patients’ gen-
er, age, past medical history, current medication, haemoglobin

evels and OGIB presentation were not related to either out-
ome.

. Discussion

Despite being used in SBCE reviewing for almost a decade, the
esults for the usefulness of virtual chromoendoscopy in diagnostic
mprovement are yet conflicting.

Pioneering studies, such as the one developed by Pohl et al.
7], reported an enhancement of the hypervascularity as well the
ontrasting mucosal patterns when using FICE for reviewing SBCE
ideos. Further studies [11,13,18], analysing isolated SBCE frames,
upported the benefits of FICE modes 1 and 2 for improving the
etectability of angioectasias and erosions/ulcers.

Our department conducted a study [16] evaluating 100 small
owel lesions detected by SBCE, including mucosal breaks such as
lcers or erosions, vascular lesions such as angioectasias and vil-

ous pattern abnormalities such as oedema or atrophy. The authors
bserved an overall improvement of delineation of small bowel
ucosal lesions with FICE, particularly with FICE1: the delineation

f the lesions was improved in 77% of the cases, with a percentage of
greement between investigators of 89%, compared to an improve-
ent of 74% and 41% for FICE modes 2 and 3 [16]. The advantages

f FICE1 compared to other modes were further substantiated by

rystallis et al. [19] and Imagawa et al. [20].

The advantages of FICE for the review of the entire SBCE videos
n the clinical setting of patients with OGIB are not as clear. The vir-
ual chromoendoscopy technique implies a learning curve [6,7], as
(Panel A) and white light visualization (Panel B).

non-pathological lesions such as exuberant but normal vasculature
or prominent folds may  be mistaken for small bowel angioectasias
owning to changes in the colour patterns, hindering SBCE review-
ing.

Gupta et al. [6] found no increase in diagnostic yield or num-
ber of P2 lesions when FICE was used (153 vs 118, p = 0.15), Duque
et al. [21] encountered exclusively more erosions with FICE2 than
WL,  with no differences in other lesions. In contrast, in a study by
Kobayashi et al. [15], FICE1 detected significantly more angioec-
tasias and ulcers than WL,  while no benefits were found for FICE
modes 2 or 3, and other authors found FICE1 to be superior to WL
for the detection of both P1 and P2 lesions [12,13]. In another recent
work by Sakai et al. [14], not only did FICE1 improve detectability of

angioectasias, erosions and ulcers compared to WL,  but crucially,
its diagnostic yield was not affected by the presence of luminal
bile, unlike WL and FICE2; these results were further explained as
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ICE1 seemingly produces the virtual effect of transparentizing bile
13].

In our study, we observed not only an increase in the number
f P2 lesions (74 vs 44, p = 0.003), but also a significant increase
n the diagnostic yield for SBCE when FICE1 was  used (55% vs
2%, p = 0.021), which to our knowledge has not been previously
eported in the literature. These results may  be explained by the
ollowing: firstly, in our study, we defined diagnostic yield for the
resence of P2 lesions, as not only are they associated with a higher
isk of bleeding [17,22], but also because up to 10% of healthy sub-
ects may  present with clinically silent erosions (P1 lesions) on
BCE [23]; secondly, we have had significant previous experience
ith the use of FICE in SBCE [16,24]; thirdly, we included a large

eries with more patients than previous works; and fourthly, we
mployed paired samples analysis, allowing for the exclusion of
xternal variables, as well as limiting the comparison to WL  vs
ICE1.

In our study, we encountered an overall lower diagnostic yield
han reported in the literature [1], but such results are justified by
he restrictive inclusion of exclusively P2 lesions when accounting
or diagnostic criteria.

A significantly superior number of angioectasias was observed
hen using FICE1 (54 vs 26, p = 0.003), but no differences
ere found regarding ulcers or tumours. The benefits of FICE
ode for identifying angioectasias were previously reported

y Nakamura et al. [25] and Sakai et al. [14], among oth-
rs, and relates to the heightening of the vascular arborization
6,7]. Some authors reported an increase in the detection rates
f erosions/ulcers [12,18] when using FICE, contrasting with
ur findings. Unlike the previous authors, we analyzed ero-
ions and ulcers separately, and despite not observing more
lcers with FICE1 (15 vs 17, p = 0.568), we did find more ero-
ions (73 vs 43, p < 0.001) when reviewing the SBCE in FICE1,
hich suggests that ulcers are already easier to detect than ero-

ions, and therefore less likely to be missed during white light
isualization.

In our work, no differences were found in the detection of small
owel tumours; notwithstanding the fact that a small number of
uch lesions were observed, and therefore allowing for Type II
rrors, these results are consistent with the ones reported by the
ajority of the published data [13,15,20,25].
Finally, rebleeding was encountered in 16 patients (26.7%) dur-

ng a two-year period. In our series, the presence of P2 lesions,
s well as their number, was not significantly associated with an
ncreased risk of rebleeding. However, we encountered rebleed-
ng in 11/33 of the patients presenting with at least one P2 lesion
n FICE1 compared to 5/27 in patients with negative SBCE. Addi-
ionally, in this specific high risk population, FICE1 allowed for the
etection of P2 lesions in 3 additional patients compared to white

ight visualization (11 vs 8, p = 0.250). The prognostic relevance of
ICE in patients presenting with rebleeding was demonstrated in a
ecently published study by Dias de Castro et al. [24], where more
han 80% of patients presenting with rebleeding after a negative
BCE performed for OGIB and observed in WL,  were found to have
otentially bleeding lesions when visualized using FICE1. Further
tudies with a larger sample sizes are warranted to confirm the
ikely prognostic importance of FICE1 when analysing SBCE for P2
esions, namely regarding the potential therapeutic management
f such lesions.

In conclusion, FICE1 was associated with an improved diagnos-
ic yield, as well as the detection of a superior number of P2 lesions,
amely angioectasias. These results, together with the fact that
alse positive results can be readily identified and rectified, sup-
ort the systematic use of FICE1 when reviewing SBCE performed
or OGIB.
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