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Introduction
!

Colonoscopy with resection of precursor lesions
has led to a significant reduction in the incidence
of colorectal cancer [1]. In addition to the adeno-
ma–carcinoma sequence [2], it is important to re-
cognize the pathway of de novo cancer (carcino-
ma without prior adenomatous tissue) [3–5],
and the serrated pathway, where sessile serrated
adenomas and traditional serrated adenomas are
known to be precursors of cancer [4].
Colonoscopy is widely accepted as the gold stand-
ard for the diagnosis of colorectal lesions, and
chromoendoscopy (CE) with indigo carmine or
cresyl violet may help characterize the morpholo-
gy of lesions, whose correct interpretation is very
important in choosing the appropriate resection
technique. CE is a powerful tool for the differen-
tiation between neoplastic and non-neoplastic le-
sions, to predict the depth of neoplastic invasion,
and in the diagnosis of residual tumors after
endoscopic resection, which could improve the
efficacy of the endoscopic procedure. This can be

achieved with CE using pit or capillary microvas-
cular pattern analysis [6–10].
At the push of a button and with no need for dyes,
image-enhanced endoscopy (IEE) has enabled us
to obtain a real-time predictive histological diag-
nosis, both in the differential diagnosis between
neoplastic and non-neoplastic lesions [11,12]
and in the assessment of invasion depth of early
cancer [13], through the analysis of surface (pit-
like pattern) or capillary microvascular struc-
tures. Equipment-based IEE methods are repre-
sented by the Flexible Spectral Imaging Color En-
hancement (FICE, Fujifilm), i-Scan (Pentax), and
Narrow-Band Imaging (NBI, Olympus) systems.
FICE and i-Scan systems are based on a computed
spectral estimation technology that processes the
reflected photons to reconstitute virtual images
for a choice of different wavelengths of red, green,
and blue signaling. The NBI system is based on
modifying the bandwidth transmittance of spec-
tral features using optical filters within the light
source and a frame sequential lighting method.
All technologies can enhance visualization of the
mucosal surface structure, as well as the vascular
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Background/Aims: Image-enhanced endoscopy
(IEE) can differentiate neoplastic from non-neo-
plastic colorectal lesions through indirect analysis
of pit patterns and microvascular architecture.
We evaluated the accuracy of Flexible Spectral
Imaging Color Enhancement (FICE) in differen-
tiating neoplastic from non-neoplastic lesions
and observer agreement in the analysis of capil-
lary pattern of colorectal lesions.
Methods: A prospective double-blind trial was
conducted in two referral endoscopy centers. Vas-
cular patternwas analyzed by IEEwithmagnifica-
tion. Lesions were divided into two groups and
examined separately by two experts. Examiners,
blinded to each other’s interpretations, switched
groups and the lesions were reviewed. After 60
days, lesions were reevaluated.

Results: In total, 76 patients were referred to colo-
noscopy for colon cancer screening. Of 100 colo-
rectal lesions, 88 were neoplastic (73 tubular ade-
nomas, 10 tubulovillous adenomas, 1 villous ade-
noma, 2 serrated adenomas, 2 adenocarcinomas)
and 12 were non-neoplastic (hyperplastic
polyps). Mean diameter of the lesions was 6.7
mm. Examiners 1 and 2 had 95% accuracy. The in-
terobserver kappa coefficient was 0.80 and the in-
traobserver kappa coefficient was 0.88 for exami-
ner 1 and 0.73 for examiner 2.
Conclusion: IEE with magnification is effective for
real-time predictive histological diagnosis of
colorectal lesions, with inter- and intraobserver
agreement ranging from good to excellent.



meshwork, and help increase the visibility and characterization
of neoplasms by improving contrast. This technology of advanced
“dyeless” endoscopy has shown results similar to those of CE,
especially when combined with magnification [14,15].
This study aimed to evaluate the accuracy and the inter- and in-
traobserver agreement of FICE with magnification in the differ-
entiation of neoplastic from non-neoplastic colorectal lesions.

Methods
!

Between September and November 2012, this prospective dou-
ble-blind study analyzed 100 colorectal lesions in 76 consecutive
patients (39 men and 37 women). The study was based on anon-
ymous, blinded interpretation of electronically collected images
in an ex vivo setting and would not result in any change of stand-
ard clinical care of the patients. The lesion was resected after
being diagnosed and analyzed by FICE with magnification during
the same procedure. The endoscopic images were eligible for in-
clusion in the study if the subjects were older than 40 years and
their colonoscopy was being performed for colon cancer screen-
ing. Exclusion criteria were poor bowel preparation, incomplete
colonoscopy, coagulopathy, presence of inflammatory bowel dis-
ease, polyposis syndrome, pregnancy, advanced cancer, failure to
provide written informed consent, or patients with previous co-
lonoscopy or surgical resection of the colon or rectum.
Initially, two groups of 50 consecutive lesions in 37 and 39 pa-
tients, respectively, were diagnosed and examined in real time
separately by two experienced colonoscopists (CEOS and HJP)
who have routinely used magnification and CE for over 10 years
and performedmore than 1500 colonoscopies with FICE. The two
examiners then switched groups. The lesions were reviewed as
high resolution images and FICE with magnification. The exami-
ners were blinded to each other’s interpretations. After 60 days,
all lesions were blindly reevaluated by each of the two endosco-
pists to check for inter- and intraobserver agreement. Histologi-
cal analysis served as the gold standard.
Bowel preparation consisted of a 1-day clear liquid diet, with in-
take of 1L of 10% mannitol solution on the morning of the exam-
ination. Procedures were performed with the patient under con-
scious sedation (intravenous midazolam and meperidine or fen-
tanyl).
The Paris classification was used as a reference to determine the
morphology of lesions [16]. Lesion size was estimated at real
time colonoscopy using an open biopsy forceps. The location
was estimated from anatomic landmarks.
All lesions were diagnosed under white light, cleaned with tap
water when necessary, and subsequently analyzed with a high
resolution, magnification (×60–100) colonoscope (Fujinon
590ZW5, Fujifilm Corp., Saitama, Japan), equipped with the EPX
4400 processor and FICE system, which enabled examination of
wavelengths from 400 to 700nm at 5-nm intervals. No chromo-
scopy with indigo carmine was performed before FICE. In this
study, the following wavelengths were standardized: R550(2),
G500(3) and B470(2), and used for real-time evaluation of the ca-
pillary pattern. The analysis was based on the Teixeira classifica-
tion [17], which has five subtypes: type I is the normal pattern,
with thin capillary vessels with a linear shape; type IIa presents
hypovascularity or some capillaries of a thicker diameter, curved
or straight but uniform, without dilatations (●" Fig.1); type III ex-
hibits numerous capillaries of thinner diameter, irregular and
tortuous, with frequent point dilatations, and tapering like a spir-

al shape, showing a remarkable periglandular arrangement
(●" Fig.2); type IVa presents numerous long, spiral, or straight
vessels with a thicker diameter, and sparse dilatations, surround-
ing the villous glands (●" Fig.3); type V shows pleomorphism of
capillaries and abnormal distribution and arrangement (●" Fig.4).
All lesions were removed endoscopically with biopsy forceps, by
snare polypectomy, or by endoscopic mucosal resection. Speci-
mens were fixed in 10% formalin and subsequently examined
using hematoxylin and eosin staining by two pathologists, who
were blinded to the endoscopic results and who followed the
guidelines of the World Health Organization classification of
colorectal tumors [18]. In the case of multiple lesions in the
same patient, each lesion was identified individually and placed
in different flasks.
The study was approved by the institutional review board of each
center and conducted in accordance with the principles of the
Declaration of Helsinki, and written informed consent was ob-
tained from all patients before endoscopy.

Statistical analysis
Data were analyzed using Stata 11.1 Statistical Package (StatCorp
LP, College Station, TX, United States). Numerical variables were
expressed as mean and standard deviation, and categorical vari-

Fig.1 Type II (Teixeira classification): Lesion with capillaries of a thicker
diameter, curved, without dilatations. Hyperplastic polyp.

Fig.2 Type III (Teixeira classification): Lesion showing several fine and
irregularly distributed tortuous capillaries, with some points of dilatation,
and tapering like a spiral shape. Tubular adenoma.
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ables as percentage. The Student’s t-test was used for the bivari-
ate analysis of mean age and the nonparametric Mann–Whitney
test was used for the bivariate analysis of mean lesion size owing
to the asymmetric distribution of this variable. Fisher’s exact test
was used for the bivariate analysis of histopathology (neoplastic
or non-neoplastic lesions). A P-value of less than 0.05 was con-
sidered to be statistically significant. Based on preliminary ex-
perience, supposing an accuracy of 90% for the digital chromoen-
doscopy in differentiating neoplastic from non-neoplastic colo-
rectal lesions, with a P-value of 0.05, a power of 0.80, and a mar-
gin of error of 6%, a total of 96 patients should be enrolled in the
study. The reproducibility coefficients were analyzed by the kap-
pa agreement coefficient. Inter- and intraobserver agreement
values were classified as follows: poor (≤0.20); slight (0.21–
0.40); moderate (0.41–0.60); substantial (0.61–0.80); and excel-
lent (0.81–1.00). Inter- and intraobserver diagnostic values vs.
histopathological analysis were compared for sensitivity, specifi-
city, positive predictive value, and negative predictive value.

Results
!

The characteristics of patients and lesions are shown in●" Table1.
There was no statistically significant difference in the prevalence
of neoplastic versus non-neoplastic lesions with regard to mac-

roscopic analysis, location, or size. Ten lesions were adenomas
with high grade dysplasia or adenocarcinomas; of these, seven
were polypoid lesions and three were nonpolypoid depressed le-
sions, the latter showing a significantly smaller mean size (5.0 vs.
17.0 mm; P=0.04), accounting for two adenomas and one adeno-
carcinoma.
Of 100 colorectal lesions, 88 were neoplastic; of these, 73 were
tubular adenomas, 10 were tubulovillous adenomas, 1 was a vil-
lous adenoma, 2 were traditional serrated adenomas (type 0– Is
with 7mm in the descending colon, and type 0– Isp with 10mm
in the rectum, both capillary pattern type IV), and 2 were adeno-
carcinomas. All 12 non-neoplastic lesions were hyperplastic
polyps. The mean number of lesions per patient was 1.3, and of
neoplasms per patient was 1.2.Mean lesion size was 6.7mm,
ranging from 2 to 30mm in diameter, with no statistically signif-
icant difference between neoplastic and non-neoplastic lesions
(4.3 vs. 7.1 mm; P=0.07). Nonpolypoid lesions were significantly
smaller than polypoid lesions (4.0 vs. 8.3 mm; P<0.001). Eighty-
eight lesions were≤10mm in diameter. Patients with neoplasms
were older than patients with non-neoplastic lesions (59.2 vs.
49.9 years; P=0.03).
Regardingmorphology, 36 lesions were classified as nonpolypoid
lesions (31, type 0– IIa; 3, type 0– IIa+ IIc; and 2, type 0– IIc+ IIa)
and 64 as polypoid lesions (49, type 0– Is; 12, type 0– Isp; and 3,
type 0– Ip).
In the analysis of all 100 lesions, examiners 1 and 2 had an accu-
racy of 95% (95%CI 90.6–99.4) and for the other diagnostic crite-
ria, values were: sensitivity of 97.7% and 98.9%, specificity of 75%

Fig.3 Type IV (Teixeira classification): Lesion showing numerous, elonga-
ted, and spiral-shaped capillaries around villous glands. Tubulovillous ade-
noma.

Fig.4 Type V (Teixeira classification): Lesion showing numerous, thick,
heterogeneous vessels with disorganized microvascular architecture.

Table 1 Characteristics of patients and colorectal lesions.

Variable n

Sex

Female 37 (48.7%)

Male 39 (51.3%)

Mean patient age (years) 58 (± 12.6)

Mean lesion size (mm) 6.7 (range 2–30)

Histopathology

Neoplastic 88

Tubular adenoma 73

Tubulovillous adenoma 10

Villous adenoma 1

Serrated adenoma 2

Adenocarcinoma 2

Non-neoplastic 12

Hyperplastic polyp 12

Macroscopic type

Flat 36

Protruding 64

Macroscopic classification

Nonpolypoid 36

0– IIa 31

0– IIa + IIc 3

0– IIc + IIa 2

Polypoid 64

0– Is 49

0– Isp 12

0– Ip 3

Location

Right side of the colon 50

Left side of the colon 50

Oliveira dos Santos Carlos Eduardo et al. Vascular pattern for colorectal lesions… Endosc Int Open 2015; 03: E240–E245

Original articleE242
THIEME



and 66.7%, positive predictive value (PPV) of 96.6% and 95.6%,
and negative predictive value (NPV) of 81.8% and 88.9, respec-
tively (●" Table2). For nonpolypoid and polypoid lesions, the ac-
curacies were 100% vs. 92.2% and 97.7% vs. 93.8%, respectively.
Examiners 1 and 2 showed an accuracy of 94.3% (95%CI 89.4–
99.2) when considering only the 88 lesions ≤10mm in diameter,
sensitivity of 97.4% and 98.7%, specificity of 75.0% and 66.7%,
PPVof 96.6% and 94.9%, and NPV of 81.8% and 88.9%, respective-
ly. In the evaluation of lesions ≤5mm in size, both examiners had
an accuracy of 92.7% (95%CI 85.7–99.7).

Interobserver agreement
In the analysis of the five capillary pattern types in all 100 lesions,
the interobserver kappa coefficient was 0.80 (95%CI 0.75–0.85).
For the 88 small lesions (≤10mm), the kappa coefficient was 0.88
(95%CI 0.73–1.00).
When capillary pattern types I and II (non-neoplastic lesions)
and types III–V (neoplasms) were compared, the kappa coeffi-
cient was 0.89 (95%CI 0.74–1.00). When analyzing only le-
sions≤10mm in diameter for predictive histological diagnosis
(neoplasm vs. hyperplastic polyp), the kappa coefficient was
also 0.89 (95%CI 0.73–1.00). For the 55 lesions ≤5mm, the kap-
pa coefficient was 0.84 (95%CI 0.62–1.00), and for the 45 le-
sions >5mm, the kappa coefficient was 1.00.
The kappa coefficient was 0.91 (95%CI 0.73–1.00) for nonpoly-
poid lesions and 0.85 (95%CI 0.56–1.00) for polypoid lesions.
The kappa coefficient for examiners 1 and 2 for prediction of the
histological type was 0.75 vs. 0.74, with similar values for small
lesions (≤10mm), κ=0.75 vs. 0.73.For lesions ≤5mm, the kappa
coefficient was 0.71 and 0.67, respectively, and for lesions >5
mm, kappa was 0.85 for both examiners.

Intraobserver agreement
In the analysis of the five capillary pattern types in all 100 lesions,
the intraobserver kappa coefficient was 0.88 (95%CI 0.83–0.94)
for examiner 1 and 0.73 (95%CI 0.65–0.81) for examiner 2.For
small lesions (≤10mm), the kappa coefficient was 0.82 (95%CI
0.76–0.90) and 0.67 (95%CI 0.57–0.74), respectively.
In the predictive histological diagnosis between neoplasm and
hyperplastic polyp, the intraobserver kappa coefficient was 0.95
(95%CI 0.83–0.94) and 0.70 (95%CI 0.65–0.81), with similar re-
sults for small lesions (≤10mm): κ=0.95 (95%CI 0.84–1.00) and
κ=0.69 (95%CI 0.46–0.92). For lesions ≤5mm, the kappa coeffi-
cient was 0.92 (0.77–1.00) for examiner 1 and 0.71 (0.45–0.97)
for examiner 2, while for lesions >5 mm: κ=1.00 and 0.64 (0.18–
1.00), respectively.
For examiner 1 and 2, the kappa coefficient was 0.85 (95%CI
0.67–1.00) and 0.78 (95%CI 0.65–0.94), respectively, for nonpo-
lypoid lesions, and 0.90 (95%CI 0.82–0.97) and 0.70 (95%CI
0.58–0.81) for polypoid lesions.

Discussion
!

Image-enhanced endoscopy (IEE) with high magnification is an
effective technology for real-time predictive histological diagno-
sis of colorectal lesions, with inter- and intraobserver agree-
ments ranging from good to excellent. Previous studies using CE
techniques such as NBI and i-Scan have demonstrated that these
methods are useful to characterize colorectal lesions. However,
there is still a lack of studies using FICE. In addition, most pre-
vious studies have focused on analyzing the mucosal pit pattern
and few have focused on the capillary pattern. Whereas the pit
pattern represents changes on the mucosal surface, the capillary
pattern reflects changes in the number, morphology, and distri-
bution of the fine blood vessels.
Rastogi et al. [19] analyzed 65 polyps (38 adenomas and 27 hy-
perplastic polyps) and reported a kappa value for interobserver
agreement of 0.57 for polyp surface pattern and of 0.63 for pre-
diction of histological type. The kappa value for intraobserver
agreement ranged from 0.60 to 0.79 for polyp surface pattern
and from 0.61 to 0.87 for predictive diagnosis. The accuracy
ranged from 80% to 86% in the first reading and from 85% to 91
% in the second reading of images. In the series by Huang et al.
[20], six experienced endoscopists used the Kudo classification
[21,22] and CE for pit pattern analysis, with inter- and intra-
observer kappa values of 0.72 and 0.81, respectively; for predic-
tive histological diagnosis, kappa values were 0.77 and 0.86,
respectively.
East et al. [23] compared the use of CE and IEE (NBI) with magni-
fication in pit pattern analysis of 33 polyps, according to the Kudo
classification. The results were different for 12 of 33 polyps for
examiner 1 and 20 of 33 polyps for examiner 2, with a combined
kappa of 0.23.The authors concluded that the Kudo classification
should be modified and revalidated for use with IEE. However, in
our previous study of 111 small lesions (≤10mm), we obtained
90.1% accuracy using the Kudo classification for pit pattern anal-
ysis with IEE [24]. Although Kudo’s classification was not de-
signed to be used with IEE, other series have shown similar re-
sults [11,12,25]. Nevertheless, this contradictory result indicates
that the pit pattern classification may need further refinement
and more studies focused on capillary analysis are warranted.
A previous study examining the capillary pattern of colorectal le-
sions yielded a diagnostic accuracy of 98.3% in differentiating
neoplastic from non-neoplastic lesions, and the interobserver
kappa coefficient was 0.85 [17]. However, a multicenter study in-
volving nine experts from three different countries (Brazil, Japan,
and Venezuela) to evaluate 45 lesions reported an accuracy of
82.2% to 100% with kappa values ranging from 0.41 to 0.84 for
the prediction of histological diagnosis, and an interobserver
kappa coefficient of 0.64 [26]. These data emphasize the need
for additional studies such as this one. In our previous studies
comparing standard CE with IEE, the accuracy to predict histolo-
gy using IEE ranged from 92.8% to 93.6% [24,27]. Similar to the
Kudo classification, we also believe that the capillary meshwork
classification should be simplified in order to becomemore user-
friendly.
In our study, we used the currently accepted Teixeira classifica-
tion for capillary pattern analysis, differentiating the pattern for
non-neoplastic lesions (type I and II) from the pattern for neo-
plastic lesions (type III–V), with type V being highly suggestive
of adenocarcinoma. We obtained an accuracy of 95% for both ex-
aminers, and the kappa value for interobserver agreement was
0.80 for capillary pattern analysis and 0.89 for prediction of his-

Table 2 Diagnostic criteria for the two observers in histological prediction.

Observer 1 Observer 2

Accuracy, % 95 95

Sensitivity, % (95%CI) 97.7 (92.0 –99.7) 98.9 (93.8–100)

Specificity, % (95%CI) 75.0 (42.8 –94.5) 66.7 (34.9–90.0)

PPV, % (95%CI) 96.6 (90.5 –99.3) 95.6 (89.1–98.8)

NPV, % (95%CI) 81.8 (48.2–97.7) 88.9 (51.8–99.7)

95%CI, 95% confidence interval; PPV, positive predictive value; NPV, negative
predictive value.
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topathology (neoplasm vs. hyperplastic polyp), including small
lesions. The kappa value for intraobserver agreement was 0.88
and 0.73 for capillary pattern analysis, and 0.95 and 0.70 for pre-
dictive histological analysis (neoplasm vs. hyperplastic polyp) for
the two examiners. In the study of lesions≤5mm in size, both ex-
aminers had an accuracy of 92.7%. In the predictive histological
diagnosis, the interobserver kappa coefficient was 0.84 for le-
sions ≤5mm, and 1.00 for lesions>5mm. The intraobserver kap-
pa coefficient for lesions ≤5mmwas 0.92 for examiner 1 and 0.71
for examiner 2, while for lesions >5mm, the kappa values were
1.00 and 0.64, respectively.
Although some experts may argue that magnification is not
widely available, we believe that a high diagnostic yield and care-
ful endoscopic characterization are essential when dealing with
potentially malignant lesions. Indeed, if a method is used to de-
cide whether to leave a lesion after performing a biopsy or to re-
sect it, a high diagnostic accuracy is needed.
We want to emphasize that a large number of small lesions are
hyperplastic polyps, which, because they have no malignant po-
tential, need not be removed. Endoscopic resection should be re-
served only for neoplastic lesions. Nevertheless, studies have
shown that about 30% of colorectal carcinomas develop through
the serrated neoplasia pathway. Several lesions previously classi-
fied as hyperplastic polyps, and therefore thought to be harmless,
have been reclassified as sessile serrated adenomas, establishing
their place in the serrated pathway and underscoring their malig-
nant potential. Sessile serrated adenomas are located preferen-
tially in the right side of the colon, with a flat morphology, and
with a type II-O pit pattern (Kimura classification) [28]. Tradi-
tional serrated adenomas, however, are often located in the left
side of the colon, are polypoid lesions, and have a villous archi-
tecture and a type IV pit pattern [29]. The mean size of sessile
serrated adenomas is greater than that of traditional serrated
adenomas. It is recommended that all serrated lesions proximal
to the sigmoid colon and all serrated lesions in the rectosigmoid
colon greater than 5mm in diameter should be completely re-
moved [4].
In this study, we had two small traditional serrated adenomas,
polypoid lesions located in the left side of the colon, which
showed a type IV pit pattern. The fact that the histological diag-
nostic criteria for these lesions are not widely known among Bra-
zilian pathologists may have influenced these results. Also im-
portant are depressed lesions, which have amore aggressive pro-
gression than polypoid lesions and may invade the submucosa
early, even when they are small or diminutive lesions. In this
study, of 100 lesions analyzed, we found five depressed lesions,
and of 10 lesions histologically classified as adenomas with high
grade dysplasia or adenocarcinomas, 30% were depressed le-
sions, of which one was an intramucosal adenocarcinoma 10
mm in size. Depressed lesions had a significantly smaller mean
size than polypoid lesions (P=0.04).
Accuracy results have been shown to have a direct relationship
with lesion size, i. e. the smaller the lesion, the worse the accura-
cy values [25]. The vessels of the microvascular structure of the
normal colorectal epithelium are 5 to 10µm in diameter. Visuali-
zation of the capillary pattern of lesions smaller than 5mm in di-
ameter is not easy, which may explain these poor results. How-
ever, in our previous study of diminutive colorectal lesions, we
had 92.6% accuracy, with a kappa value of 0.81, suggesting that
experience using the method may be important [30].
We would like to acknowledge the potential limitations of our
study. First, the endoscopists performing the procedures were

well versed in the IEE technique. Nonetheless, advanced imaging
is becoming the standard of care and all endoscopists participat-
ing in colorectal cancer screening should be well trained in polyp
recognition and characterization methods. Second, we had only
100 lesions and two endoscopists involved in the study. However,
our study included more lesions than previous studies. In addi-
tion, we focused on performing the intraobserver agreement 60
days after the initial reading, in an attempt to limit potential
bias in the readings. Finally, this and other current endoscopic
techniques cannot distinguish between hyperplastic and serra-
ted lesions. However, our study was designed to analyze the ac-
curacy to interpret common lesions using this technology. Thus,
we strongly believe we reached our goal of objectively testing a
relatively new endoscopic imaging technology.
In conclusion, IEE (FICE) combined with high magnification for
capillary pattern analysis is an effective technology for real-time
predictive histological diagnosis of colorectal lesions. We
achieved substantial interobserver agreement for the analysis of
microvascular structure and excellent agreement for predictive
histological diagnosis, while intraobserver agreement ranged
from good to excellent both for capillary pattern analysis and for
differential diagnosis between neoplastic and non-neoplastic le-
sions.
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