
Introduction
Aberrant crypt foci (ACF) have been described as lesions con-
sisting of large and thick crypts densely stained with methylene
blue in the colon of mice treated with a carcinogen, and they
are recognized as the earliest precursor lesions of colorectal
carcinogenesis [1]. ACF have also been identified on normal-ap-
pearing mucosa of surgically-resected colons from patients
with colorectal cancers (CRC) with the aid of methylene blue

staining under stereoscopic microscopy [2]. We previously
identified human ACF in situ by spraying methylene blue under
magnifying colonoscopy and showed that the number of rectal
ACF in adenoma patients was significantly correlated with the
number of adenomas [3]. Moreover, we and other investigators
have revealed that the number of rectal ACF is significantly
higher in patients with colorectal adenomas and cancers than
in normal subjects. Thus, ACF are considered to be precursors
to colorectal adenoma and subsequent cancer, and to be ideal
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ABSTRACT

Background and study aims Conventional detection of

aberrant crypt foci (ACF) with dye-spraying and magnifying

observation is labor- and skill-intensive. We performed a

prospective non-inferiority study to investigate the utility

of image-enhanced endoscopy (IEE) for detection of ACF.

Patients and methods Patients with a history of colorec-

tal neoplasm were eligible. The number of ACF in the lower

rectum was counted first using IEE magnification with nar-

row-band imaging (NBI) or blue-laser imaging (BLI), and

subsequently using the methylene blue method. The pri-

mary endpoint was the ACF detection rate with IEE, i. e.,

the number of ACF detected with IEE relative to the number

of ACF detected with methylene blue. The secondary end-

points were bowel preparation time, ACF detection time,

and the detection rate with NBI or BLI.

Results A total of 40 patients were enrolled (NBI 20 and BLI

20). The overall detection rate for ACF with IEE was 81.7%

(503/616; 95%CI 78.8–84.6%), meeting the primary end-

point. The detection rate for ACF with BLI (84.9%, 258/

304) was significantly higher than with NBI (78.5%, 245/

312; P <0.05). Both bowel preparation time and ACF detec-

tion time were significantly shorter with IEE versus the me-

thylene blue method (P <0.01, respectively). The detection

rates for dysplastic and non-dysplastic ACF with IEE were

84.4% (27/32) and 80.3% (469/584), respectively.

Conclusion IEE is able to detect ACF during colonoscopy

with sensitivity non-inferior to that of the conventional me-

thylene blue method. IEE is simpler than the methylene

blue method and is therefore a potentially useful new tool

for ACF detection.
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surrogate markers for quantifying CRC risk [3–5], although
some contradictory studies have also been reported [6, 7]. In
addition, we and other investigators recently reported random-
ized controlled chemoprevention trials where ACF were used as
sensitive target lesions; ACF were eradicated within 2 months
by treatment with candidate chemopreventive agents. The ad-
vantages of chemoprevention targeting ACF over conventional
chemoprevention targeting adenomas are as follows: 1) very
short-term administration of candidate agents to cancer-free
subjects, resulting in; 2) infrequent occurrence of adverse ef-
fects; and 3) high compliance [8–10]. Therefore, many clinical
trials focused on ACF are currently ongoing worldwide. How-
ever, the current ACF detection method with methylene blue
spraying and magnified observation is very laborious and time-
consuming; mucosal staining with methylene blue including
pre- and post-staining washing with water is labor-intensive
and takes a long time to perform, and magnified observation
close to the colorectal mucosa requires highly skilled endo-
scopic techniques. These aspects apparently hinder application
of ACF detection in chemoprevention trials and in quantifying
risk of CRC. Therefore, a new simpler ACF detection method is
required.

Recently, a new image-enhanced endoscopy (IEE) method
including narrow-band imaging (NBI) and blue laser imaging
(BLI) has been developed. NBI in combination with magnifying
endoscopy can clearly visualize the microvascular structure of
lesions, which appears brownish and is a useful landmark for
colorectal neoplasms, and the NBI technique has partly re-
placed chromoendoscopy in diagnosis of colorectal polyps
[11, 12]. By comparison, BLI comprises 2 modes of BLI and BLI-
bright. BLI-bright mode, because of its brightness, was report-
ed to improve the visibility of colorectal polyps [13]. Further-
more, the combination of these IEE systems with magnifying
endoscopy, which reveals precise surface and vascular patterns,
was reported to be useful for predicting the histopathological
diagnosis of colorectal neoplasms [14–16]. Thus, IEE combined
with magnification can likely be used to observe ACF without
dye-spraying. However, no published studies to date have at-
tempted to observe ACF using IEE. In a pilot study, we were
able to identify ACF using IEE (NBI/BLI) with magnification (un-
published data). Therefore, we performed the current prospec-
tive study to investigate the utility of IEE (NBI/BLI) for detection
of ACF as compared with the conventional methylene blue
method.

Patients and methods
Patients and outcomes

This prospective non-inferiority study was approved by the eth-
ics committee of Tokushima University Hospital (Tokushima, Ja-
pan), and all subjects provided written informed consent. We
enrolled patients with a history of colorectal neoplasm since
they would be expected to have a greater number of ACF com-
pared with normal subjects, as previously described [3, 4]. Pa-
tients were required to be aged 40 to 80 years and to have a his-
tory of colorectal neoplasms or endoscopic removal of colorec-
tal neoplasms. The exclusion criteria were as follows: (1) inflam-

matory bowel disease; (2) hereditary polyposis syndromes; (3)
previous surgical resection of rectum; and (4) current use of an
antithrombotic agent. The primary endpoint was the ACF de-
tection rate with IEE, i. e., the number of ACF detected with IEE
(NBI/BLI) relative to the number of ACF detected with methy-
lene blue staining. Secondary endpoints compared the follow-
ing parameters between the IEE and methylene blue methods:
(1) bowel preparation time for ACF observation, including
washing and staining time; (2) volume of water used for wash-
ing; and (3) ACF observation time under magnifying endos-
copy. Additional analyses were performed to identify dysplastic
and non-dysplastic ACF endoscopically using IEE (NBI/BLI) by
assessing the validity of the endoscopic diagnosis based on the
degree of agreement among IEE, methylene blue, and the
histological diagnosis, and detection rates for both types of
ACF with IEE were evaluated. ▶Fig. 1 shows the flowchart for
this study. This trial was registered in the University Hospital
Medical Information Network Clinical Trials Registry
(UMIN000022322).

Endoscopic equipment

NBI procedures were performed with PCF-Q260ZI endoscopes
in combination with an EVIS LUCERA processor (Olympus
Corp., Tokyo, Japan) [17, 18]. BLI procedures were performed
with EC-L590ZW endoscopes in combination with a LASEREO
laser endoscope system (Fujifilm Corp., Tokyo, Japan) [15, 19].

Definition of ACF with methylene blue method

We defined a tiny lesion that consists of larger crypts, thicker
epithelial lining, and staining darker than normal epithelial
crypts in the methylene blue-stained regions of the colorectum
as ACF, according to previous studies [3, 10]. Any lesion that

Screened patients (n = 48)

▪ Evaluation of ACF number

▪ Detection rate (IEE / methylene blue) was analyzed

IEE (randomized to NBI or BLI group)（n = 40） 

Methylene blue staining

Assessment of non-inferiority of ACF detection rate with 
IEE (non-inferiority margin: 25 %)

Excluded (n = 8)
▪ Not meeting inclusion criteria (n = 5)
▪ Refused participation (n = 3) 

▶ Fig. 1 Flowchart of the study. IEE, image-enhanced endoscopy;
ACF, aberrant crypt foci; IEE, image-enhanced endoscopy; NBI,
narrow-band imaging; BLI, blue laser imaging.
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was apparently protruded from the surrounding normal muco-
sa under a white light observation was categorized into polyps
such as hyperplastic and/or adenomatous polyps and excluded.

Definition of ACF with IEE

We first performed a pilot study to define the endoscopic ap-
pearance of ACF with IEE. We were able to find a small lesion
that consists of large crypts with white pericryptal zones and
shows a distinct margin in the lower rectal region by using mag-
nified NBI observation (▶Supplementary Fig. 1a). This finding
was similar to that of a magnified image of ACF with methylene
blue staining, as previously described [3, 10]. To verify the diag-
nosis, the adjacent mucosa was marked with argon plasma co-
agulation (APC) and then methylene blue staining was per-
formed as a gold standard on the referral area for ACF observa-
tion. We were able to identify typical ACF, which consisted of
large crypts densely stained with methylene blue in the cor-
responding location (▶Supplementary Fig. 1b). We were also
able to identify ACF by BLI magnification and the findings were
similar to those with NBI. We observed a total of 64 ACFs in six
patients with adenomas using IEE and verified that all of these
were ACF by methylene blue staining. Thus, we defined a tiny
lesion that consists of large crypts with white pericryptal zones
and shows a distinct margin, identified by IEE magnification, as
ACF.

Procedure

Bowel preparation for colonoscopy was carried out using poly-
ethylene glycol solution (Niflec: Ajinomoto Corp., Tokyo, Ja-
pan). When the endoscope was pulled back to the rectum after
total colonoscopy, the rectum from the middle Houston valve
to the dentate line was washed thoroughly with water to re-
move sticky mucus, and then ACF were observed in the lower
rectal region using IEE. With regard to IEE observation, patients
were randomly assigned to either the NBI or BLI group using a
sealed-envelope method. For IEE (NBI/BLI) observation, we de-
tected the tiny lesion with low magnification at a far field of
view and subsequently zoomed in on the lesion to observe its
precise appearance under high magnification. In the BLI group,
BLI-bright mode was used mainly to screen ACF with low mag-
nification at a far field, and BLI mode was used for magnified
observation at a near field. After IEE observation, we sprayed
methylene blue onto the lower rectum, and waited for more
than 2 minutes until the mucosa was stained sufficiently. The
mucosal surface was then thoroughly washed again with water.
When small regions densely stained with methylene blue at low
magnification were found, we zoomed in on them and ob-
served the precise appearance under high magnification with
white light imaging (WLI). ACF specimens were obtained by
endoscopic biopsy as described previously [20]. A histopatho-
logical diagnosis of ACF, including dysplastic and non-dysplastic
types, was made by one pathologist (K.T), according to pre-
vious reports [3, 21]. ACF detection with IEE and the methylene
blue method were both performed by the same endoscopist.
Colonoscopies were performed with patients under conscious
sedation with midazolam. All colonoscopies were performed
by three endoscopists who had each performed more than

1000 colonoscopies. They also had experience with more than
20 cases of ACF detection using IEE and methylene blue before
the start of this study.

Sample size and statistics

This was a single-institution prospective study to verify the hy-
pothesis that IEE is able to detect ACF with non-inferior sensitiv-
ity to that of the methylene blue method as the gold standard.
In our pilot study, a total of 64 ACF were detected with IEE
(NBI=33, BLI = 31) and 81 ACF with the methylene blue method,
indicating that the detection rate with IEE was 79.0%
(NBI =78.6 %, BLI = 79.5%). We considered that it would be
acceptable if an ACF detection rate with IEE of at least 75% was
achieved. Thus, we set a one-sided non-inferiority margin of
25%. With a power of 80% and a one-sided significance level of
5%, a total of 246 ACF were required. In our previous study, the
mean number of ACF in patients with adenoma was seven,
therefore, the sample size needed was calculated to be 40 pa-
tients. The detection rates between the two groups (NBI/BLI)
were compared using Student’s t test. Washing and staining
time, volume of water used, and observation time were also
compared between the IEE and methylene blue groups using
Student’s t test, and P<0.05 was considered to be statistically
significant.

Results
Patients

A total of 40 eligible patients were randomly assigned to the
NBI and BLI groups (20 patients per group) (▶Fig. 1). The clini-
cal characteristics of the patients in the two groups were well
balanced (▶Table1).

Detection rate for ACF with IEE

We evaluated the rate of detection of ACF with IEE using the
number of ACF detected with the methylene blue method as a
reference. A total of 503 ACFs were detected with IEE (NBI/BLI)
and 616 ACFs were detected with the methylene blue method
in this cohort. Therefore, the overall detection rate with IEE
was 81.7% (503/616; 95%CI 78.8–84.6%), indicating that the
primary endpoint was achieved (▶Table 2). In the NBI group,
245 ACFs were detected with NBI and 312 ACFs were detected
with methylene blue; the detection rate for ACF with NBI was
78.5% (245/312; 95%CI 75.3–81.7%). In the BLI group, 258
ACFs were detected with BLI and 304 ACFs were detected with
methylene blue; the detection rate for ACF with BLI was 84.9%
(258/304; 95%CI 80.4–89.4%). The ACF detection rate with BLI
was significantly higher than that with NBI (P <0.05) (▶Table2).

Washing and staining time, washing water volume,
and ACF observation time

To evaluate labor- and time-intensity for ACF observation with
IEE, we compared bowel preparation time for ACF observation,
volume of water used, and ACF observation time between IEE
and the methylene blue method in 40 cases (▶Table3). Mean
bowel preparation time, including washing and staining time,
was significantly shorter with IEE versus the methylene blue
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method (1.1 ±0.40 vs 8.2 ±2.3 min; P<0.01). Mean volume of
water used was significantly lower with IEE than with the me-
thylene blue method (85.0 ±30.3 vs 452.5 ±187.6 mL; P<
0.01). Moreover, mean ACF observation time was significantly
shorter with IEE versus the methylene blue method (5.2 ±1.9
vs 7.2 ±2.7 min; P<0.01).

Endoscopic appearance and histological validation
of non-dysplastic and dysplastic ACF with IEE

Because two distinct endoscopic features of dysplastic and non-
dysplastic ACF with the methylene blue method have been re-
ported [3, 21], we investigated the morphological features of
dysplastic and non-dysplastic ACF detected with IEE as compar-
ed with methylene blue staining and histological findings. We
found two morphological types of ACF using IEE with magnifi-
cation. Representative endoscopic findings of these ACFs using
NBI and methylene blue are shown in ▶Fig. 2. One is a focus
that consists of large crypts with regularly arranged white peri-
cryptal zones and shows a distinct margin (▶Fig. 2a). Methy-
lene blue staining of the focus revealed large crypts with a
thicker epithelial lining and a larger pericryptal zone than nor-
mal crypts (▶Fig. 2b), consistent with previous reports [3, 10].
Histologically, there was enlargement and elongation of the

ducts, but not dysplasia (▶Fig. 2c). Thus, this type of ACF was
non-dysplastic ACF. The other type of ACF consisted of large
crypts with a white pericryptal zone, but the border of each
crypt (pericryptal zone) was indistinct or invisible and showed
a distinct margin (▶Fig. 2d). Methylene blue staining revealed
that the epithelial linings were thicker than those of non-dys-
plastic ACF, and the crypt lumens were compressed or unclear
(▶Fig. 2e). Histopathological examination demonstrated hy-
perchromatic nuclei with stratification and loss of polarity, indi-
cating that this type of ACF is dysplastic ACF (▶Fig. 2f). Fea-
tures of non-dysplastic and dysplastic ACF detected with BLI
were similar to those with NBI (▶Fig. 3).

We then assessed the validity of endoscopic diagnosis by ex-
amining the degree of agreement between the IEE and methy-
lene blue diagnosis, and histological findings in 72 randomly
obtained samples from 26 patients. Diagnosis with IEE and me-
thylene blue, and histology, was concordant in 61 specimens
without dysplasia (NBI = 30, BLI = 31) and 9 specimens with dys-
plasia (NBI = 3, BLI = 6). There was discordance in two speci-
mens; one focus was identified as dysplastic by NBI but it was
diagnosed as non-dysplastic by methylene blue and histological
examination. The other focus was identified as non-dysplastic

▶Table 1 Patient characteristics.

IEE (n=40) NBI (n =20) BLI (n=20)

Male/Female 20/20 10/10 10/10

Age (y, mean ± SD) 67.0 ± 8.7 68.8 ±6.1 65.4 ±10.3

History of colorectal tumor 40 20 20

▪ Cancer  3  1  2

▪ Adenoma 40 20 20

IEE, image-enhanced endoscopy; NBI, narrow-band imaging; BLI, blue laser imaging; SD, standard deviation.

▶Table 2 Detection rate for ACF with IEE.

Number of ACF detected with IEE Number of ACF detected with methylene blue Detection rate (95%CI)

IEE 503 616 81.7 (78.8– 84.6)

NBI 245 312 78.5 (75.3– 81.7)

BLI 258 304 84.9 (80.4– 89.4)

Detection rate was expressed as percentage (%). ACF, aberrant crypt foci;　IEE, image-enhanced endoscopy; NBI, narrow-band imaging; BLI, blue laser imaging; CI,
confidence interval.

▶Table 3 Evaluation of convenience for ACF observation.

IEE (n=40) Methylene blue (n=40) P value

Bowel preparation time including washing and staining time (min, mean ± SD) 1.1 ±0.4   8.2 ±2.3 < 0.01

Volume of water used (mL, mean ± SD) 85.0 ±30.3 452.5 ±187.6 < 0.01

ACF observation time (min, mean ± SD) 5.2 ±1.9   7.2 ±2.7 < 0.01

P values were calculated by Student’s t test. ACF, aberrant crypt foci; IEE, image-enhanced endoscopy; NBI, narrow-band imaging; BLI, blue laser imaging; SD,
standard deviation.
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by BLI and methylene blue; however, it was diagnosed as nor-
mal epithelia by histological examination (▶Table4).

Based on these results, we evaluated the diagnostic yield for
IEE and methylene blue in non-dysplastic and dysplastic ACF in
this cohort. In the dysplastic group, both IEE and methylene
blue were found to have high values (90%–100%) for sensitiv-
ity, specificity, positive and negative predictions, and accuracy,
with the exception of the positive predictive value of NBI (75%)
(▶Table5).

Detection rate for non-dysplastic and dysplastic ACF
with IEE

Because good detectability of non-dysplastic and dysplastic
ACF with IEE was demonstrated, we next evaluated the detec-
tion rate for non-dysplastic and dysplastic ACF with IEE compar-
ed with methylene blue staining as a reference. ACFs from all 40
patients in this study were evaluated, i. e., 32 dysplastic and
584 non-dysplastic ACFs diagnosed based on methylene blue
staining (▶Table6). Of these, 27 dysplastic ACF could be de-
tected by IEE. Therefore, the detection rate for dysplastic ACF
was 84.4% (27/32; 95%CI 75.2–93.5%); NBI = 81.3% (13/16)
and BLI = 87.5% (14/16). There was no significant difference be-

tween NBI and BLI. Similarly, the detection rate for non-dysplas-
tic ACF with IEE was 80.3% (469/584; 95%CI 76.8–83.8%); NBI
= 77.0% (228/296) and BLI = 83.7% (241/288), and there was a
significant difference between NBI and BLI (P<0.05).

Discussion
This is the first trial to evaluate the utility of IEE (NBI/BLI) on ACF
detection during colonoscopy. In this trial, we showed that the
detection rate for ACF with IEE was 81.7% (95%CI 78.8–84.6%),
indicating that the IEE method is non-inferior to conventional
methylene blue staining for detection of ACF, and thus the pri-
mary endpoint was achieved. Moreover, we demonstrated that
bowel preparation time, volume of water used, and ACF obser-
vation time with IEE were significantly shorter than with methy-
lene blue staining, suggesting that IEE is much easier and sim-
pler to perform than the conventional methylene blue method.
Furthermore, our results suggest that IEE is able to discriminate
dysplastic ACF from non-dysplastic ACF. Thus, we demonstrat-
ed the utility of IEE in detecting ACF without dye-spraying for
quantification of CRC risk and/or evaluation of the effects of
chemopreventive agents. Although further studies are required

▶ Fig. 2 Endoscopic findings of aberrant crypt foci (ACF) using narrow-band imaging (NBI) and methylene blue, and histological findings.
a – c Representative images of non-dysplastic ACF. a One focus that consists of large crypts with a regularly arranged white pericryptal zone
under NBI magnification. b Methylene blue staining of this focus revealed that the large crypts had a thicker epithelial lining and a larger peri-
cryptal zone than normal crypts. c Histologically, there was enlargement and elongation of the ducts, but not dysplasia (orig. mag. ×10).
d– f Representative images of dysplastic ACF. d One focus consisted of large crypts with a white pericryptal zone, but the border of each crypt
was indistinct or invisible. e Methylene blue staining revealed that the epithelial lining was thicker than in non-dysplastic ACF, and the crypt
lumen was compressed or unclear. f Histologically, there were hyperchromatic nuclei with stratification, and loss of polarity (orig. mag. ×10).
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to validate our findings, IEE may replace the conventional me-
thylene blue method for ACF detection.

A subgroup analysis of this study revealed that the detection
rate for ACF with BLI (84.9%) was significantly higher than with
NBI (78.5%; P<0.05). This may be partially explained by the fact
that BLI-bright has a longer observable distance and higher
contrast even in the far field of view as compared with NBI

mode [19]. This is important for ACF observation because
endoscopists typically attempt to identify ACF on the colorectal
mucosa at low magnification as the initial step. If a tiny ACF-sus-
picious lesion is found, it is then observed at higher magnifica-
tion to reach an accurate diagnosis of ACF. A recent randomized
controlled study revealed that NBI did not improve detection of
colorectal polyps compared with WLI [18]. Conversely, a recent

▶ Fig. 3 Endoscopic findings of ACF with blue laser imaging (BLI) and methylene blue staining, and histological findings. Features of non-dys-
plastic and dysplastic ACF detected with BLI were similar to those with narrow-band imaging. a – c Representative images of non-dysplastic ACF.
d– f Representative images of dysplastic ACF.

▶Table 4 Histological validation of ACF diagnosis with IEE and methylene blue.

Histological findings, n

Non-dysplastic ACF Dysplastic ACF Normal epithelia

IEE Non-dysplastic ACF 61 0 1

Dysplastic ACF  1 9 0

NBI Non-dysplastic ACF 30 0 0

Dysplastic ACF  1 3 0

BLI Non-dysplastic ACF 31 0 1

Dysplastic ACF  0 6 0

Methylene blue Non-dysplastic ACF 62 0 1

Dysplastic ACF  0 9 0

ACF, aberrant crypt foci; IEE, image-enhanced endoscopy; NBI, narrow-band imaging; BLI, blue laser imaging.
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randomized controlled study showed that BLI-bright mode sig-
nificantly improved detectability of colorectal polyps compared
with WLI [22]. These results are consistent with our results
showing that BLI-bright was superior to NBI for detecting ACF.

In this study, bowel preparation time, including washing and
staining time, volume of water used and ACF observation time
with IEE were significantly shorter than with the methylene blue
method. These results are quite reasonable because IEE does
not require dye-spraying, washing the mucosa to remove sticky
mucus and excess dye, etc. However, the shorter ACF observa-
tion time with IEE might have been partly due to the lower
number of ACF detected as compared with methylene blue.

We also showed that IEE was able to discriminate between
dysplastic ACF and non-dysplastic ACF (NBI and BLI detection
rate of dysplastic ACF, 81.3% and 87.5%, respectively) without
methylene blue staining (▶Table 6). This is particularly impor-
tant because dysplastic ACF are known to be strongly associat-
ed with colorectal adenomas and subsequent cancers. IEE is an
endoscopic technology that emphasizes mucosal microstruc-
ture (surface pattern) and microvessels (vascular pattern)
[23–26]. NBI and BLI mode visualized non-dysplastic ACF as
foci that consisted of dilated crypts with regularly arranged
white pericryptal zones. In contrast, dysplastic ACF were visual-
ized as foci that consisted of dilated crypts with white pericryp-

tal zones, but each pericryptal zone (the border of each crypt)
was indistinct or invisible (▶Fig. 2, ▶Fig. 3). Notably, these dif-
ferences in endoscopic images depend on differences in the
surface pattern but not on the vascular pattern (neovasculari-
zation). Histopathological examination of these ACF also re-
vealed that the differences depend on cellular and structural
atypia but not on the density of microvessels. These results
suggest that proliferation of microvessels within ACF (both dys-
plastic and non-dysplastic ACF) may be lower than within ade-
nomas, probably due to the fact that ACF are very small lesions
(< 1 to 2mm). Therefore, the surface pattern in IEE (NBI or BLI)
with magnification would be an essential factor for discrimina-
tion between dysplastic ACF and non-dysplastic ACF.

There are some limitations in our study. First, it was per-
formed at a single institute with a small number of cases, and
therefore there may have been some degree of selection bias.
Second, both IEE and methylene blue method were performed
by the same endoscopist, and thus could have been subject to
observer bias. In addition, we evaluated the detection rate for
ACF with IEE including NBI and BLI together. However, because
a significant difference in detection rate was observed between
the NBI and BLI groups in a subgroup analysis, a larger-scale
randomized controlled trial that investigates non-inferiority of

▶Table 6 Endoscopic diagnosis of ACF with IEE and methylene blue method.

Methylene blue, n

Non-dysplastic ACF Dysplastic ACF

IEE (n = 40) Non-dysplastic ACF 469  1

Dysplastic ACF   6 27

Undetected 109  4

NBI (n = 20) Non-dysplastic ACF 228  1

Dysplastic ACF   3 13

Undetected  65  2

BLI (n = 20) Non-dysplastic ACF 241  0

Dysplastic ACF   3 14

Undetected  44  2

A total of 616 ACF (32 dysplastic and 584 non-dysplastic ACF) from 40 patients were analyzed. ACF, aberrant crypt foci; IEE, image-enhanced endoscopy; NBI, narrow-
band imaging; BLI, blue laser imaging.

▶Table 5 Identification of dysplastic ACF with IEE and methylene blue.

Sensitivity Specificity Positive

predictive value

Negative

predictive value

Diagnostic accuracy

Dysplastic ACF IEE 100  98.4  90 100  98.6

NBI 100  96.8  75 100  97.1

BLI 100 100 100 100 100

Methylene blue 100 100 100 100 100

All values are expressed as percentages. ACF, aberrant crypt foci; IEE, image-enhanced endoscopy; NBI, narrow-band imaging; BLI, blue laser imaging.
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NBI or BLI independently to the dye-spraying method should be
performed.

NBI was performed using NBI (PCF-Q260ZI) with an EVIS LU-
CERA system, which was generally used in Japan at the start of
this study. Recently, a new-generation brighter NBI system, LU-
CERA Elite or Eves Exera III (Olympus Corp.), has been devel-
oped [27, 28]. More recently, it has been reported that the
next-generation NBI significantly improved detection of colo-
rectal neoplasms in comparison with WLI. Because the main
benefit of these NBI systems is brightness [29], IEE with en-
hanced brightness would potentially be useful for detecting
ACF as well as adenomas. Furthermore, a new IEE modality,
Linked Color Imaging (LCI), developed by Fujifilm Corporation
(Tokyo, Japan) is also expected to improve detection and discri-
mination of gastrointestinal neoplasia [30, 31]. Therefore,
these systems might be useful for detection and discrimination
of ACF. Other IEE systems such as flexible spectral imaging color
enhancement (FICE) (Fujifilm Corp.) and i-SCAN (Pentax Corp.)
may also be useful for ACF detection. However, because these
modalities did not reportedly improve adenoma detection
rates [32, 33], this possibility seems unlikely. Further study will
be required to identify “optimal” IEEs for ACF detection.

Conclusion
In conclusion, our study showed that IEE (NBI/BLI) with magni-
fied observation is useful for detection of ACF. Moreover, prep-
aration time and observation time for ACF detection with IEE
were much shorter than with conventional methylene blue
staining and the difference between methods was statistically
significant, indicating that IEE is much easier and simpler to
perform than methylene blue staining for detection of ACF.
Among the IEE modalities, BLI showed a significantly higher de-
tection rate for ACF as compared with NBI. In addition, our re-
sults indicate that these IEE modalities may be able to discrimi-
nate dysplastic ACF from non-dysplastic ACF.
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▶Supplementary Fig. 1 Identification of ACF with image-enhanced endoscopy (IEE). a ACF consisting of large crypts with white pericryptal
zones were observed in the lower rectal region using magnified narrow-band imaging (yellow arrow). To verify the diagnosis of ACF, the adjacent
mucosa was marked by argon plasma coagulation (red arrow). bMethylene blue staining was performed on the referral area for ACF observation.
Typical ACF, which consisted of large crypts densely stained with methylene blue, were detected in the corresponding location.
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