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Abstract
AIM: To investigate the potential benefit of Fujinon in�
telligent chromo endoscopy ������������������������  ����(�����������������������  ����FICE�������������������  ����)������������������  ����-assisted �������� ����s������� ����mall bowel 
c�����������������  ����������������������������������    �apsule endoscopy ����������������������������������    �(���������������������������������    �SBCE�����������������������������    �)����������������������������    � for detection and character�
ization of small bowel lesions in patients with ��������o�������bscure 
g�������������������������  ��������astroenterology ��������� ��������b�������� ��������leeding (OGIB). 

METHODS: The SBCE examinations (Pillcam SB2, Giv�
en Imaging Ltd) were retrospectively analyzed by two 
GI fellows (observers) with and without FICE enhance�
ment. Randomization was such that a fellow did not 
assess the same examination with and without FICE 
enhancement. The senior consultant described findings 
as P0, P1 and P2 lesions (non-pathological, intermedi�
ate bleed potential, high bleed potential), which were 
considered as reference findings. Main outcome mea�
surements: Inter-observer correlation was calculated 
using kappa statistics. Sensitivity and specificity for P2 
lesions was calculated for FICE and white light SBCE. 

RESULTS: In 60 patients, the intra-class kappa cor�
relations between the observers and reference findings 
were 0.88 and 0.92 (P2), 0.61 and 0.79 (P1), for SBCE 
using FICE and white light, respectively. Overall 157 le�
sions were diagnosed using FICE as compared to 114 
with white light SBCE (P  �� ������� ���� ����������������  = 0.15). For P2 lesions, the 
sensitivity was 94% vs 97% and specificity was 95% vs  
96% for FICE and white light, respectively. Five (P2 le�
sions) out of 55 arterio-venous malformations could be 
better characterized by FICE as compared to white light 
SBCE. Significantly more P0 lesions were diagnosed 
when FICE was used as compared to white light (39 vs 8, 
P  < 0.001). 

CONCLUSION: FICE was not better than white light 
for diagnosing and characterizing significant lesions on 
SBCE for OGIB. FICE detected significantly more non-
pathological lesions. Nevertheless, some vascular le�
sions could be more accurately characterized with FICE 
as compared to white light SBCE.
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INTRODUCTION
Obscure ����������������� ����� ��������� ������� ��� ���������g���������������� ����� ��������� ������� ��� ���������astroenterology ����� ��������� ������� ��� ���������(���� ��������� ������� ��� ���������GI�� ��������� ������� ��� ���������)�� �������� ������� ��� ��������� bleeding (OGIB) is defined 
as bleeding of  unknown origin that persists or recurs af�
ter a negative initial or primary endoscopy (colonoscopy 
or upper endoscopy) result[1]. OGIB is frequently caused 
by a lesion in the small bowel[2]. ����������������������   �S���������������������   �mall bowel ���������� �c��������� �apsule en�
doscopy (SBCE), which allows the non-invasive visualiza�
tion of  mucosa throughout the entire small bowel, has 
revolutionized the exploration of  small bowel diseases, 
and particularly the evaluation of  OGIB[3]. Several studies 
showed that a SBCE is highly effective in detecting small-
bowel lesions, with an overall diagnostic yield superior 
to that of  push enteroscopy or radiological imaging, and 
comparable to double balloon enteroscopy (DBE)[4-7]. In 
addition, the SBCE procedure is technically easy and well 
tolerated, and carries a low risk of  complications[6]. SBCE 
is the first-line examination in OGIB after a negative up�
per and lower gastrointestinal endoscopy[8].

The Fujinon intelligent chromo endoscopy (FICE) 
system is a new, virtual chromoendoscopy technique that 
enhances mucosal visibility, wherein the bandwidth of  
the conventional endoscopic image is narrowed down ar�
ithmetically using computerized spectral estimation tech�
nology[9]. Pohl et al[10,11] have previously demonstrated that 
FICE is comparable to conventional chromoendoscopy 
for surveillance of  Barrett’s esophagitis and detection 
of  colonic polyps. There are limited data regarding use 
of  FICE for small bowel lesions. In a recent case series 
of  17 patients, Neumann et al[12] used DBE with FICE 
technology and demonstrated a benefit in characterizing 
angiodysplasias, in delineating the submucosal capillary 
network, and in the detection of  small bowel polyps.

The positive yield of  capsule endoscopy for evalua�
tion of  OGIB is around 60%. This value further decreas�
es if  the examination is delayed after the index bleed[6]. 
The addition of  FICE technology to SBCE may improve 
the diagnostic yield.

The objective of  our study was to assess the value of  
a FICE equipped small bowel (SB) capsule for evaluation 
of  obscure GI bleeding and for the detection and charac�
terization of  SB lesions.

MATERIALS AND METHODS
This study was conducted in the endoscopy unit of  a 
tertiary care referral centre and teaching hospital. Sixty 
consecutive SBCE examinations (Pillcam SB2; Given Im�
aging Ltd, Israel), which were performed for OGIB, were 
chosen for the study. These examinations were performed 
to analyze either obscure-overt or obscure-occult GI 
bleeding in the preceding year. All included patients had 
received a polyethylene glycol-based bowel preparation 
before the examination and were given metoclopramide 

(10 mg) as a prokinetic before swallowing the capsule. 
These examinations were already analyzed under white 
light only by the senior consultant, who has more than 
eight years experience in conducting capsule endoscopy 
and enteroscopy. Two GI fellows with similar experience 
(70 procedures) in conducting capsule endoscopy (ob�
servers 1 and 2) analyzed the examinations with and with�
out FICE enhancement using Rapid Reader (Version 6: 
Given Imaging Ltd, Israel); their experience was consid�
ered as reaching a minimum threshold number to assess 
competency. The fellows were allowed to use the speed 
of  their choice for reading. Randomization was such that 
a fellow did not assess the same examination with and 
without FICE enhancement. In practice, fellow 1 read 
the videos 1 to 30 without FICE and the following videos 
(31 to 60) with FICE, and vice-versa for fellow 2. The 
entire examination was conducted either under white light 
or FICE technology. Rapid Reader (Version 6) provides 
three channels for FICE technology (�������� T������� able 1)[13]. Channel 
1 was used for examination with FICE by both fellows, as 
the wavelength settings for red, green and blue light were 
found to be most suited to small bowel evaluation. This 
was determined by the consultant and the observers after 
a pilot study of  15 patients. No historical data for the 
patients were made available to the observers. The analy�
sis was conducted by the GI fellows on the department’
s central computer. Individual findings were password 
protected. The boundary between the jejunum and the il�
eum was fixed empirically as the half  time of  the capsule 
small-bowel passage time. Both fellows used the common 
structured terminology as per the Given Capsule Endos�
copy working group[14]. Both fellows were blinded to the 
findings (white light) of  the senior consultant, which were 
taken as the reference. The senior consultant analyzed the 
results based on his reference findings. All findings were 
labeled as P0, P1 and P2 lesions (non-pathological, inter�
mediate bleed potential-superficial erosions, red spots-
or high potential bleed potential-hemorrhagic erosions, 
ulcer, arterio-venous malformations, or tumor) by the 
senior consultant[15]. Each time a lesion was seen in the 
FICE mode and not with white light, it was re-evaluated 
by the senior consultant. Comparison was performed for 
the detection of  SB lesions, as well for characterization, 
i.e. vascular pattern, of  a lesion that was considered as an 
arterio-venous malformation or a tumor as a Gastrointes�
tinal stromal tumor (GIST) or an adenocarcinoma.

Institutional review board  approval has been ob�
tained from the local Ethical Committee for this retro�
spective study.
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Table 1  Wavelengths in nm (Fujinon intelligent chromo en-
doscopy)[13]

Red Green Blue

FICE channel 1 595 540 535
FICE channel 2 420 520 530
FICE channel 3 595 570 415

FICE: Fujinon intelligent chromo endoscopy.



Statistics analysis
Inter-observer correlation was calculated by using kappa 
statistics. A kappa value of  1 was considered perfect 
agreement and 0 was considered no agreement at all. 
Sensitivity and specificity for P2 lesions was calculated 
for FICE and white light SBCE. SPSS software [version 
16, (SPSS Inc, Chicago, IL)] was used for the analysis. 
Statistical analysis of  categorical values was conducted 
using the Fischer’s exact test. Significance was accepted at 
a value of  P < 0 .05.

RESULTS
Visualization of  the entire small bowel was achieved in 
56 patients; in the remaining four, the capsule reached the 
terminal ileum. All patients had excellent bowel prepara�
tion. In these 60 patients, observers 1 & 2 detected 117 [P0 
(20), P1 (37), P2 (60)] and 154 [P0 (27), P1 (55), P2 (72)] 
lesions, respectively, as compared to 131 [P0 (15), P1 (41), 
P2 (75)] by the senior consultant (Table 2). The com�
monest P2 lesions were arterio-venous malformations 
(n = 43), followed by small bowel ulcerations (n = 27),  
small bowel tumors (GIST n = 2; adenocarcinoma n = 
1), and Dieulafoy’s lesions (n = 2). Intra-class correlation 
for P1 and P2 lesions was calculated as 0.69 and 0.89 
respectively. Intra-class kappa correlations between the 
observers and reference findings were 0.88 (P2), 0.61 
(P1) for SBCE using FICE, and 0.92 (P2), 0.79 (P1) for 
SBCE with white light respectively. Overall 153 lesions 
were diagnosed by the two observers with SBCE us�
ing FICE as compared to 118 by SBCE with white light 
(P = 0.15). Considering the senior consultant’s findings 
as the gold standard, for P2 lesions, the sensitivity was 
94% (0.87-1.02) vs 97% (0.92-1.02) and specificity was 
95% (0.87-1.03) vs 96% (0.86-1.04) for FICE and white 
light respectively. In 5/55 arterio-venous malformations, 
analysis of  SBCE with FICE did not help in detection, 
but did result in better characterization of  these P2 le�
sions as compared to analysis with white light (Figures 
1�������������������������������������      ���������������  -3�����������������������������������      ���������������  ). The mean duration for analyzing SBCE with FICE 
was longer than when white light was used (75 min vs 55 
min). Significantly more P0 lesions were diagnosed by the 
2 observers when FICE was used as compared to white 
light (39 vs 8��,� P < 0.01) (Table 3).

DISCUSSION
Capsule endoscopy has become a cornerstone in the non-
invasive evaluation of  OGIB. The high diagnostic yield 

of  intestinal SBCE has been proven in several studies, 
and ranges from 55% to 81%[4-7,16,17]. The rate of  rebleed�
ing in patients with OGIB and negative SBCE is signifi�
cantly lower (4.6%) compared with those with a positive 
SBCE (48%)[18].

The FICE system is based on a computed spectral es�
timation technology that processes the reflected photons 
to reconstruct virtual images with a choice of  different 
wavelengths. This leads to enhancement of  the tissue 
microvasculature as a result of  the differential optical 
absorption of  light by hemoglobin in the mucosa. These 
abnormal areas can be defined by magnification[9,19,20].

Ours is the first study in the literature that has used 
the potential advantages of  FICE to assist the detection 
and characterization of  OGIB lesions by capsule endos�
copy and using the new Rapid Reader 6 (Given Imaging 
Ltd, Israel). Our study suggests that addition of  FICE 
technology does not help in identifying clinically signifi�
cant lesions during analysis of  SBCE. This contrasts with 
existing data on FICE. Ringold et al[21] described two cas�
es in which high-contrast imaging with FICE improved 
the visibility of  normal mucosal vessels and aided in the 
detection of  vascular ectasias that were not easily seen by 
routine double-balloon enteroscopy. Similarly, improved 
detection rates for arterio-venous malformations and ad�
enomatous polyps were noted by Neumann et al[12] with 
FICE aided enteroscopy in a series of  17 patients. Re�
cently, Imagawa et al[22] reported that FICE may improve 
visibility of  small bowel lesions that were detected under 
white light by video capsule. This series is not really com�
parable, in that 75 out of  the 145 lesions were tumors. 
Moreover, the authors of  the study did not report the 
detection rate or characterization of  the lesions. Interest�
ingly, they observed that setting 1 of  the FICE system 
was the best one for improving visibility, confirming our 
selection of  channel 1 as the most effective.

Arterio-venous malformations were also the pre�
dominant lesions in our study. Despite this, the number 
of  lesions detected by FICE and white light capsule en�
doscopy were similar. In fact, FICE detected significantly 
more non-pathological (P0) lesions as compared to white 
light. There was similar concordance for FICE and white 
light SBCE for pathological lesions (P2) in our study. The 
mean duration for analyzing SBCE with FICE was longer 
than when white light was used, thus diminishing the ap�
peal of  FICE for SBCE.

There are a few reasons for the limited effectiveness 
of  SBCE with FICE for identifying lesions in our study. 
All patients had excellent bowel preparation; hence, there 
was better visualization by white light alone. This is sup�
ported by a recent meta-analysis that showed that small-
bowel purgative preparation (polyethylene glycol solution 
or sodium phosphate) improves the diagnostic yield of  
the examination[23]. We also found that white reflections 
tend to increase during the FICE mode, potentially in�
terfering with the image quality. This may be particularly 
important for clearly discerning ulcerated lesions and may 
result in their erroneous reporting. In addition, channel 1 
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Table 2  Number of lesions (P0, P1, P2) detected by the two 
observers and the senior consultant, respectively

Observer 1 Observer 2 Consultant (reference findings)

Total 117 154 131
P0  20  27  15
P1  37  55  41
P2  60  72  75

Gupta T et al . FICE-assisted capsule endoscopy



of  FICE had a prominent red hue; hence, small red spots 
and prominent folds appeared as angio-ectasias when 

FICE was used. Several lymphangectasias, floating clots, 
and prominent veins were also found amongst the P0 
lesions diagnosed by SBCE when FICE was used, thus 
reducing its utility. 

We found that assessment of  SBCE with FICE to be 
somewhat useful in the better characterization of  vascu�
lar lesions. Arborization of  the vascular network in the 
case of  arterio-venous malformations was better assessed 
by FICE as compared to white light in 5 patients during 
this study, making their detection easier. 

The strong points of  the study were the use of  the 
central workstation computer for capsule analysis, thereby 
enabling use of  similar settings, image resolution and 
password protection of  the reference and observers’ find�
ings. The common structured terminology, as per the 
Given Capsule Endoscopy working group, was used by 
both observers[14].

A first limitation of  our study was the analysis of  ret�
rospective data and the relatively small patient numbers. 
A longer prospective study with patient follow up may be 
required to confirm our findings.

A second limitation is the absence of  a reference 
standard for defining the SB lesions. Obviously, in several 
patients, lesions were confirmed by enteroscopy, biopsies, 
radiology, or surgical specimens, but not for all. The ab�
sence of  a well-defined standard reference is a common 
problem in studies assessing the diagnostic yield of  cap�
sule endoscopy.

In conclusion�� ����� ��� ���� ������� ����� ��� ������� ���� �����,� ����� ��� ���� ������� ����� ��� ������� ���� ����� this is the first study to assess the abil�
ity of  a FICE-equipped video capsule for detecting and 
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Figure 1  A non-pathological lesion (P0) with Fujinon intelligent chromo 
endoscopy.

A

B

Figure 2  A non-pathological lesion (P1) with Fujinon intelligent chromo 
endoscopy.

Figure 3  Vascular lesion (P2) with white light and Fujinon intelligent 
chromo endoscopy.

A

B
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characterizing SB lesions in cases of  OGIB. SBCE with 
FICE technology did not improve diagnostic yield, but 
did detect more P0 lesions. FICE may improve the char�
acterization of  vascular lesions in a limited number of  
cases. Further improvements in software technology for 
FICE may be required to enhance its clinical application 
in capsule endoscopy for OGIB.

In our study, FICE-assisted SBCE analysis was not 
better than white light for diagnosing and characterizing 
significant lesions in the evaluation of  OGIB. FICE de�
tected significantly more non-pathological lesions; how�
ever, some vascular lesions could be more easily charac�
terized on FICE as compared to white light SBCE.

COMMENTS
Background
Obscure gastroenterology bleeding (OGIB) is frequently caused by a lesion 
in the small bowel. Capsule endoscopy that allows visualization of the small 
bowel is now recognized as the first step procedure in case of OGIB. Arterio-
venous malformations are the most frequent lesions that are responsible for 
OGIB. Quality of the video images, as well as the experience of the reader, are 
mandatory for providing accurate results.
Research frontiers
The goals of video capsule endoscopy are the detection of lesions and their 
characterization. The reader is invited to qualify the lesion as clinically signifi-
cant or not. This is important for defining further therapeutic strategy. Improve-
ment of image quality may improve the diagnostic yield.
Innovations and breakthroughs
The Fujinon intelligent chromo endoscopy (FICE) system is a new, virtual chro-
moendoscopy technique that has been designed to enhance visibility of lesions. 
This technique, which is used for conventional endoscopy, has been adapted 
for video capsule endoscopy (given imaging). In this retrospective study, FICE 
did not improve the detection of small bowel lesions in comparison with the 
white light, but did allow better characterization of some vascular lesions.
Applications
FICE technology is now available in clinical practice. Its use should be reserved 
for the better characterization of lesions that were detected by white light. Some 
prospective studies should be performed for confirming the present data.
Terminology
OGIB is defined as digestive bleeding of unknown origin that persists or re-
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Peer review
This interesting study is well conducted and the results and conclusions are of 
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