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Abstract
AIM: To investigate whether flexible spectral color en-
hancement (FICE) improves diagnostic yields of capsule 
endoscopy (CE) for obscure gastro-intestinal bleeding 
(OGIB).

METHODS: The study subjects consisted of 81 pa-
tients. Using FICE, there were three different sets with 
different wavelengths. Using randomly selected sets 
of FICE, images of CE were evaluated again by two 
individuals who were not shown the conventional CE 
reports and findings. The difference between FICE and 
conventional imaging was examined.

RESULTS: The overall diagnostic yields in FICE sets 1, 
2, 3 and conventional imaging (48.1%) were 51.9%, 
40.7%, 51.9% and 48.1%, respectively, which showed 
no statistical difference compared to conventional im-
aging. The total numbers of detected lesions per exam-

ination in FICE imaging and conventional imaging were 
2.5 ± 2.1 and 1.8 ± 1.7, respectively, which showed a 
significant difference (P = 0.01). 

CONCLUSION: The diagnostic yield for OGIB is not im-
proved by FICE. However, FICE can detect significantly 
more small bowel lesions compared to conventional im-
aging.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Obscure gastrointestinal bleeding (OGIB) is defined as 
recurrent or persistent bleeding with negative esopha-
gogastroduodenoscopy (EGD), ileocolonoscopy and 
small bowel radiography[1]. Capsule endoscopy (CE) is 
the investigation of  choice in OGIB, with a high diag-
nostic yield compared to other modalities. In a previous 
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study, the diagnostic yield of  CE in OGIB was reported 
to range from 30% to 80%[2-9], a higher value than that 
obtained by push enteroscopy[10,11], small bowel radiogra-
phy[12] and computed tomography (CT)[13]. Based on these 
findings, CE has been recognized as the examination of  
choice for patients with OGIB after negative EGD and 
colonoscopy. However, there are some cases in which the 
bleeding lesion cannot be determined. 

Computed virtual chromoendoscopy, both flexible 
spectral color enhancement (FICE) and narrow-band im-
aging (NBI), recently was introduced into gastrointestinal 
endoscopy, with the expectation that it would replace dye 
staining for heightening contrast and highlighting lesions. 
Over the past years, a multitude of  reports have shown 
that modified imaging with FICE and NBI at high-res-
olution endoscopy improves detection of  lesions in the 
upper gastrointestinal tract and enhances differentiation 
between neoplastic and non-neoplastic tissue[14-18]. Very 
recently, FICE software was implemented within the 
workstation of  a video capsule system. However, it has 
rarely been investigated whether the FICE system can 
improve the diagnostic yields of  CE for OGIB. 

The aim of  this study was to assess whether FICE 
can improve diagnostic yields better than conventional 
CE imaging in the examination of  OGIB.

MATERIALS AND METHODS
Study population
The study subjects consisted of  81 patients who under-
went CE in Chiba University Hospital (Japan) for OGIB 
between September 2008 and June 2010. These patients 
had recently undergone at least two endoscopic examina-
tions on the upper gastrointestinal tract and at least one 
colonoscopy, which showed negative findings. This study 
was reviewed and approved by the institutional review 
board of  Chiba University School of  Medicine. Informed 
consent was obtained from all patients.

CE
CE was performed with Pillcam SB or Pillcam SB2 (Given 
Imaging, Yoqneam, Israel). CE studies were performed 
according to our unit’s protocol, which includes an over-
night fast and bowel preparation (magnesium citrate 34 g). 
During a period from May 2010 until June 2010, patients 
were also administered 1 L of  polyethylene glycol-elec-
trolyte. A prokinetic agent (metoclopramide 10 mg) was 
added for patients with longstanding diabetes mellitus or 
a known slow transit was added.

FICE technique
FICE is a spectral estimation technology based on ar-
ithmetical processing of  ordinary images. Application 
of  FICE for CE does not require any re-engineering of  
the capsule device, only integration of  FICE software 
in the computer workstation. The wavelength spec-
trum used for creation of  optical images is influenced 

by several factors: the spectrum of  the light source, the 
optical device and the spectral sensitivity of  the sens-
ing element. However, these factors differ between 
flexible endoscopy and CE; therefore different FICE 
estimation algorithms with different estimation coef-
ficients are required to optimize imaging. The spectral 
specifications (wavelengths) of  the FICE settings that 
are useful in CE are as follows: Set 1: red 595 nm, green  
540 nm, blue 535 nm; Set 2: red 420 nm, green 520 nm, 
blue 530 nm; and Set 3: red 595 nm, green 570 nm, blue 
415 nm (Figure 1). With integration of  the FICE digital 
processing system into the RAPID 6.0 workstation (Given 
Imaging), it enables a switchover between a conventional 
imaging and a FICE imaging immediately by a simple 
push of  a button at the workstation. The three different 
settings make it possible to select the most suitable wave-
lengths required for evaluation of  the capsule video.

Diagnostic definition at CE
The results of  CE were evaluated separately by two en-
doscopists with experience of  CE with and without the 
FICE system. If  discrepancies occurred, the findings 
were reviewed simultaneously by both examiners and 
a consensus was reached. Two endoscopists were not 
shown the conventional CE reports and findings. Each 
set of  FICE images was used randomly, on condition 
that the positive studies of  conventional imaging were 
assigned equally. The differences between FICE imaging 
and conventional imaging of  CE were examined to assess 
the clinical utility of  FICE for diagnosing the cause of  
OGIB. 

The outcome of  CE was determined according to 
the definition reported by Macdonald et al[19] with a slight 
modification. CE findings were classified according to 
standard practice as highly relevant lesions (P2) or less-
relevant lesions (P1, P0). An abnormal finding was classi-
fied as a P2 lesion when it was considered to be the cause 
of  or an explanation for OGIB, such as angiodysplasia, 
Dieulafoy’s lesion, varix, arteriovenous malformation, 
tumor, polyp, ulceration, multiple (> 3) erosion, diver-
ticulum or the presence of  blood and/or blood clots in 
the lumen of  the small bowel. When a definite abnormal-
ity was identified but was not thought to be the cause of  
or explanation for blood loss, it was assigned a P1 status. 
Minor mucosal changes or abnormalities that were not 
diagnostic were also categorized as P1 lesions and non-
specific mucosal changes including isolated red spots, 
mucosal breaks and visible submucosal veins were re-
garded as of  P1 status. A finding that definitely explained 
clinical symptoms was regarded as a “positive finding”. In 
this study, examinations that demonstrated one or more 
P2 lesions were recorded as positive findings, whereas 
those with only P1 lesions or no abnormality (P0) were 
negative. Diagnostic yield was established and the differ-
ence between FICE imaging and conventional imaging 
of  CE were examined. Additionally, total numbers of  de-
tected lesions per CE examination were counted. If  more 
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than ten lesions were detected per examination, it was 
regarded as ten.

Statistical analysis
The baseline data are presented as mean ± SD. The dif-
ferences in the values of  clinical parameters between the 
three sets were analyzed by the χ2 test. The difference of  
the diagnostic yields was analyzed by the McNemar test. 
The difference of  the numbers of  lesions was analyzed 
by the Wilcoxon test. All analyses were performed with 

the statistical program SPSS 16.0 (SPSS Inc., Chicago, IL, 
United States); a P value of  less than 0.05 was considered 
statistically significant.

RESULTS
Demographic data
The clinical characteristics of  patients with OGIB are 
shown in Table 1. The patient group comprised 44 males 
and 37 females with ages ranging from 17 to 89 years 
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Figure 1  Effect of the spectral specification of flexible spectral color enhancement on the mucosal contrast of a small bowel erosion. A: Conventional cap-
sule endoscopy image; B-D: Capsule endoscopy-flexible spectral color enhancement images derived from the 3 different wavelength settings [set 1 (B), set 2 (C), set 
3 (D)].

Table 1  Clinical characteristics of patients with obscure gastro-intestinal bleeding

Conventional CE imaging
（n  = 81）

FICE set 1
（n  = 27）

FICE set 2
（n  = 27）

FICE set 3
（n  = 27）

Sex (male/female) 44/37 14/13 12/15 11/18
Age (yr, mean ± SD) 63.5 ± 16.5 67.4 ± 13.1 60.3 ± 20.6 62.9 ± 14.7
Type of OGIB
   Overt OGIB 57 18 18 21
   Occult OGIB 24   9   9   6
Medication used
   Anti-coagulant 13   6   3   4
   Anti-platelet drugs 21   9   4   8
   NSAIDs (excluding low-dose aspirin ) 14   3   4   7
Comorbidity
   Liver cirrhosis   5   1   2   2
   Chronic renal failure   4   1   2   1
   Heart disease   7   2   2   3

CE: Capsule endoscopy; FICE: Flexible spectral color enhancement; OGIB: Obscure gastro-intestinal bleeding; NSAIDs: Nonsteroidal 
anti-inflammatory drugs.
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(mean ± SD; 63.5 years ± 16.5 years). There was no sta-
tistical difference among each set of  FICE imaging in the 
clinical characteristics.

CE findings
Positives of  FICE imaging and the negatives of  
conventional CE imaging: There were two cases that 
FICE detected small bowel lesions that were missed with 
conventional CE imaging (Figure 2). In the first case  
(Figure 2A-1 and A-2), an ulcer was missed with conven-
tional CE imaging and only detected with FICE imaging 
(set 1). With FICE imaging, it became easier to observe 
tissue characterization on surface parts compared with the 
conventional CE image. In the second case (Figure 2B-1 
and B-2), an angioectasia was missed with conventional 
CE imaging and only detected with FICE imaging (set 3). 
With FICE imaging, angioectasia was clearly visualized 
when compared with conventional CE imaging.

Negatives of  FICE imaging and the positives of  con-
ventional CE imaging: There were two cases that FICE 
could not detect small bowel lesions that were detected 
with conventional CE imaging (Figure 3). In the first case 
(Figure 3A-1 and A-2), an annular ulcer was missed with 
FICE imaging (set 2) and only detected with conventional 
CE imaging. In the second case (Figure 3B-1 and B-2), an 
ulcer was missed with FICE imaging (set 2) and only de-
tected with conventional CE imaging.

Total numbers of detected lesions per CE examination 
The total numbers of  detected lesions per CE examina-
tion in FICE imaging and the conventional CE imaging 
were 2.5 ± 2.1 and 1.8 ± 1.7, respectively, which showed 
a significant difference (Wilcoxon test, P = 0.01, Table 2 ). 
Ulceration and erosion were defined as mucosal lesions. 
Angiodysplasia, Dieulafoy’s lesion, varix and arterio-
venous malformation were defined as vascular lesions. 

424 September 16, 2012|Volume 4|Issue 9|WJGE|www.wjgnet.com

Table 2  Total numbers of detected lesions per capsule endoscopy examination according to the type of lesions

Diagnosis Conventional CE imaging FICE imaging P  value

Total numbers of detected lesions (n = 45) 1.8 ± 1.7 2.5 ± 2.1 0.011

   Mucosal lesion (n = 24) 1.9 ± 1.9 2.9 ± 2.5 0.031

   Vascular lesion (n = 14) 2.0 ± 1.5 2.5 ± 1.6 NS1

   Small bowel tumors (n = 7) 1 1 NS1

1Wilcoxon test; NS: Not significant; CE: Capsule endoscopy; FICE: Flexible spectral color enhancement.

B-2B-1

A-2A-1

Figure 2  Two cases of flexible spectral color enhancement could effectively detect of a small bowel lesion that was missed on conventional capsule en-
doscopy imaging. A-1: Conventional capsule endoscopy (CE) image; A-2: Flexible spectral color enhancement (FICE) set 1. An ulcer was missed with conventional 
CE imaging and only detected with FICE imaging; B-1: Conventional CE image; B-2: FICE set 3. An angioectasia was missed with conventional CE imaging and only 
detected with FICE imaging.
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Total numbers of  detected lesions according to the type 
of  lesions are shown in Table 2. The number of  muco-
sal lesions differed significantly when comparing FICE 
imaging to conventional CE imaging (Wilcoxon test, P = 
0.03). The total numbers of  detected lesions according 
to the each set of  FICE imaging are shown in Table 3. 
FICE sets 1 and 2 detected a lot more lesions but it was 
not a statistical difference (P = 0.068 and 0.069, respec-
tively). FICE set 3 did not detect more compared to the 
conventional CE imaging (P = 0.35). The total numbers 
of  mucosal lesions per CE examination according to the 
each set of  FICE imaging are shown in Table 4. FICE 
set 1 detected more lesions but it was not a statistical dif-
ference (P = 0.08). The total numbers of  vascular lesions 
per CE examination according to the each set of  FICE 
imaging are shown in Table 5. There were no significant 

differences between each set using the FICE system. 
When studying small bowel tumors, we detected tu-

mors in seven patients. In four of  these patients, a double 
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B-2B-1

A-2A-1

Figure 3  Two cases of small bowel lesions were missed with flexible spectral color enhancement imaging. A-1: Conventional capsule endoscopy (CE) image; 
A-2: FICE set 2. An ulcer was missed with flexible spectral color enhancement (FICE) imaging and only detected with conventional CE imaging; B-1: Conventional CE 
image; B-2: FICE set 2. An ulcer was missed with FICE imaging and only detected with conventional CE imaging.

Table 3  Total numbers of detected lesions per capsule 
endoscopy examination according to each set of flexible 
spectral color enhancement imaging

FICE set Conventional CE 
imaging

FICE imaging P  value

FICE1, 2 and 3 (n = 45) 1.8 ± 1.7 2.5 ± 2.1 0.011

   FICE1 (n = 15) 2.3 ± 2.2 2.7 ± 2.1   0.0681

   FICE2 (n = 13) 1.4 ± 1.5 2.7 ± 2.9   0.0691

   FICE3 (n = 17) 1.9 ± 1.3 2.2 ± 1.6 0.351

1Wilcoxon test. CE: Capsule endoscopy; FICE: Flexible spectral color 
enhancement.

Table 4  Total numbers of mucosal lesions per capsule 
endoscopy examination according to the each set of Flexible 
spectral color enhancement imaging

FICE set Conventional CE 
imaging

FICE imaging P  value

FICE1, 2 and 3 (n = 24) 1.9 ± 1.9 2.9 ± 2.5 < 0.051

   FICE1 (n = 9) 2.7 ± 2.6 3.3 ± 2.3    0.081

   FICE2 (n = 8) 1.8 ± 1.8 3.6 ± 3.4 NS1

   FICE3 (n = 7) 1.9 ± 0.9 1.9 ± 1.2 NS1

1Wilcoxon test; NS: Not significant; CE: Capsule endoscopy; FICE: Flexible 
spectral color enhancement.

Table 5  Total numbers of vascular lesions per capsule 
endoscopy examination according to the each set of flexible 
spectral color enhancement imaging

FICE set Conventional CE 
imaging

FICE imaging P  value

FICE1, 2 and 3 (n = 14) 2.0 ± 1.5 2.5 ± 1.6 NS1

   FICE1 (n = 5) 2.0 ± 1.4 2.0 ± 1.4 NS1

   FICE2 (n = 4) 0.8 ± 0.5 1.3 ± 0.5 NS1

   FICE3 (n = 5) 3.0 ± 1.9 4.0 ± 1.2 NS1

1Wilcoxon test; NS: Not significant; CE: Capsule endoscopy; FICE: Flexible 
spectral color enhancement.
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balloon enteroscopy was performed after CE. The final 
diagnoses were ileal adenocarcinoma, ileal inflammatory 
polyp, malignant lymphoma and follicular lymphoma in 
one, respectively. Another three patients did not undergo 
additional examination because it had been thought that 
the polyp was not a cause of  bleeding or any malignant 
tumors. In these seven patients, all of  the same tumors 
were detected by both conventional CE imaging and the 
FICE imaging. There were no significant differences be-
tween each set using the FICE system.

Diagnostic yields of CE
The overall diagnostic yields of  CE in FICE sets 1, 2, 3 
and the conventional CE imaging were 51.9%, 40.7%, 
51.9% and 48.1%, respectively (Figure 4), which showed 
no statistical difference compared to conventional imaging 
(P = 0.5, 0.23 and 0.5, respectively, McNemar test). There 
were no significant differences between each set using the 
FICE system in terms of  diagnostic yields (χ2 test).

DISCUSSION
CE is used widely for detecting the cause of  OGIB. How-
ever, there are some cases without an obvious bleeding le-
sion. In previous studies, some factors have been reported 
to be associated with diagnostic yield of  CE in patients 
with OGIB; for example, the type of  bleeding[2,4,10,11], the 
timing of  performing CE[20-23], patient age[21], an obvious 
decrease in hemoglobin (Hb) value[24], the use of  low-dose 
aspirin[9] and having another potential source of  bleed-
ing[25]. In CE, there are many reports about the diagnostic 
yield of  OGIB. However, it is uncertain how much of  a 
substantial miss rate exists and whether computed virtual 
chromoendoscopy can improve the diagnostic yield for 
OGIB. Recently, FICE software was implemented within 
the workstation of  a video capsule system and there are 
some reports about the clinical usefulness of  FICE in 

CE[26-28]. Imagawa et al[27] reported that FICE improves the 
visibility of  angioectasia, erosion/ulceration and tumors 
in the small intestine and improves detectability of  small 
bowel lesions[28]. In contrast, Gupta et al[29] reported that 
FICE was not better than conventional CE imaging for 
diagnosing and characterizing significant lesions on CE 
for OGIB. It was the first report of  the diagnostic yields 
in CE for OGIB. However, they used only FICE set 1. In 
this study, we used FICE set 1, 2 and 3 and investigated 
the clinical utility of  FICE, by dividing them by lesion type. 
In this study, the FICE system detected significantly more 
small bowel lesions when compared to the conventional 
CE imaging like the previous reports. However, diagnostic 
yields for OGIB were not improved by a computed virtual 
chromoendoscopy with the FICE system. It showed simi-
lar findings to the report from Gupta et al[29]. That is, even 
if  the FICE system detected many lesions in the small 
bowel, it was uncertain whether these lesions coincided 
with the cause of  OGIB. Therefore, the improvement 
of  detectability did not always improve diagnostic yields. 
In addition, because two expert endoscopists with high 
ability in detection evaluated CE in this study, the FICE 
system might not be able to increase the diagnostic yields 
more. We need further analysis to clarify whether FICE 
can reduce the missing microlesions and improve diag-
nostic yield in beginners. In addition, this FICE technique 
may be possible to make the interpretation time short. 
Now in FICE, there were three different FICE sets in the 
Rapid 6.0 workstation and three different settings that 
make it possible to select the most suitable wavelengths 
required for evaluation of  the capsule video. However, 
there are many situations of  the capsule video per patient. 
For example, these situations include when there is or is 
not internal bleeding in the small bowel, food debris and 
bile acid. Therefore, it is troublesome to change settings 
to match these situations. So we investigated which set of  
wavelengths in FICE was the most suitable for determin-
ing the cause of  OGIB. In this study, FICE sets 1 and 2 
detected more lesions compared to the conventional CE 
imaging. However, there were no significant differences 
in terms of  diagnostic yield. There were two cases that 
FICE set 2 could not detect ulcers which were detected 
with conventional CE imaging. This data might be caused 
by bad preparation and strong halation of  the lesion from 
using the FICE system. However, it is uncertain whether 
these results could be avoided if  we selected the most 
suitable wavelengths required for evaluation of  the cap-
sule video in these situations. 

In conclusion, in CE, diagnostic yields for OGIB are 
not improved by computed virtual chromoendoscopy 
with the FICE system compared to conventional CE im-
aging. However, the FICE system can detect significantly 
more small bowel lesions when compared to convention-
al CE imaging. 

COMMENTS
Background
Computed virtual chromoendoscopy with the flexible spectral color enhance-
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Figure 4  Diagnostic yields in conventional capsule endoscopy imaging 
and each set of flexible spectral color enhancement imaging. The overall 
diagnostic yields of capsule endoscopy (CE) in flexible spectral color enhance-
ment sets 1, 2, 3 and the conventional CE imaging were 51.9%, 40.7%, 51.9% 
and 48.1%, respectively, which showed no statistical difference (P = 0.5, 0.23 
and 0.5, respectively).
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ment (FICE) system has been reported to improve visualization of the lesions in 
the gastrointestinal tract. However, it has rarely been investigated whether the 
FICE system can improve the diagnostic yields of capsule endoscopy (CE) for 
obscure gastro-intestinal bleeding (OGIB). 
Research frontiers
A recent study demonstrated that the FICE system improved visibility of small 
bowel lesions compared to conventional CE imaging. Thus, the authors thought 
that it was important to validate that FICE practically improves the diagnostic 
yield of small bowel lesions.
Innovations and breakthroughs
Diagnostic yields for OGIB are not improved by the FICE system in comparison 
with the conventional CE imaging in this study. However, the FICE system can 
detect significantly more small bowel lesions when compared to conventional 
CE imaging. 
Applications 
By understanding that FICE can detect significantly more small bowel lesions, 
this technique may make the interpretation time short and reduce the missing 
microlesions.
Terminology
OGIB is defined as recurrent or persistent digestive bleeding of unknown ori-
gin that persists or recurs after a negative endoscopy work-up. CE is a non-
invasive method allowing a complete investigation of the small bowel. FICE is a 
new chromoendoscopic tool that has been designed for enhancing visibility of 
lesions compared to conventional imaging. 
Peer review
This paper shows an influence of computed image modification for the patients 
with obscure GI bleeding in CE. The data are well analyzed and it could be 
informative and contribute to readers in the field of diagnostic endoscopy.
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