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Validity of the usefulness of microvascular architecture
and microsurface structure using magnifying endoscopy
with narrow-band imaging in the colorectal neoplasm

Takashi Hisabe? Kenshi Yao? Takahiro Beppu? Kazeo Ninomiya? Takashi Nagahama?,
Yasuhiro Takaki?®, Fumihito Hirai? Toshiyuki Matsui?, Hiroshi Tanabe®, Akinori lIwashita®

Fukuoka University Chikushi Hospital, Fukuoka, Japan

Abstract

Background Magnifying endoscopy (ME) with narrow-band imaging (NBI) has been described
as useful in diagnosing colorectal neoplasms. However, there is no standardized simple clas-
sification system, and its usefulness in comparison with pit pattern diagnosis by magnifying
chromoendoscopy (MC) is unclear. The aim of this study was to investigate the usefulness of
evaluations of microvascular architecture (MV) and microsurface structure (MS) by ME with
NBI in the diagnosis of colorectal neoplasms.

Methods A total of 360 colorectal neoplasms were analyzed by retrospective analysis of
prospectively collected data. The vessel plus surface (VS) classification system was applied for
ME with NBI diagnosis. The main outcome measurement was comparison of the diagnostic
performance of ME with NBI and MC.

Results The sensitivity of ME with NBI and MC for the diagnosis of adenomas was 91.9% and
95.7%, respectively, and their specificity was 79.2% and 79.9%, respectively. The sensitivity of
ME with NBI and MC for the diagnosis of cancer was 70.5% and 79.9%, respectively, and the
specificity was 95.3% and 95.7%, respectively. The sensitivity of ME with NBI and MC for the
diagnosis of cancer with deep submucosal invasion was 50.0% and 88.0%, respectively (P <
0.0001), and their specificity was 100% and 82.8%, respectively (P < 0.0001).

Conclusions The specificity of evaluation of MV and MS by ME with NBI for the diagnosis of
cancer with deep submucosal invasion was much higher than that of pit pattern analysis by MC.
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Introduction

Differentiating between adenoma and carcinoma and
determining the depth of invasion of colorectal neoplasias
are very important in deciding upon the treatment strategies.
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The development of high-resolution endoscopy with optical
magnification enables endoscopists to perform detailed
endoscopic examinations of neoplasias, and that has
contributed to an improvement in diagnostic performance.
Moreover, narrow-band imaging (NBI) [1], an optical method
of image-enhanced endoscopy, has been reported to be useful
for estimating histological diagnosis of colorectal lesions [2,3]
as well as detection colonoscopy [4,5]. NBI provides better
visualization of more superficial mucosal structures due to
the shorter penetration depth and better optical features of the
short-wavelength light delivered within the narrow bandwidth
[6]. As the degree of histological atypia increases in colorectal
tumor lesions and angiogenesis progresses, the diameter and
density of the blood vessels increase [7]. Accordingly, the
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contrast in the neoplasms is enhanced in comparison with
the surrounding mucosa, and the lesions become easier to
detect. Moreover, classifications based the morphology of the
microvascular architecture [8] or classifications that include the
pit pattern observed indirectly [9] have been proposed in order
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to accurately diagnose colorectal neoplasms by magnifying
endoscopy (ME) with NBI. However, these classifications
are complicated for endoscopists to use in clinical practice.
We therefore investigated whether the simplified diagnostic
system by ME with NBI that Yao et al [6,10-12] has already
proposed for the stomach, which has a glandular epithelium
similar to the large bowel, would be useful for diagnosing
colorectal neoplasms. First, we attempted to identify the
characteristics of adenomas, carcinomas, and SM carcinomas
by using the vessel plus surface (VS) classification system
based on observations made by ME with NBI. Then, we drew
up diagnostic criteria for qualitative diagnosis based on the
findings, and compared its diagnostic performance with that
of pit pattern analysis by magnifying chromoendoscopy (MC).

Methods

Patients

The subjects of this study were prospectively collected
consecutive patients who had a colorectal epithelial tumor
resected endoscopically or by surgery at Fukuoka University
Chikushi Hospital between January 2007 and July 2011 and
in which a definite diagnosis was made histopathologically.
The inclusion criteria were a colorectal adenoma or early
colorectal carcinoma that had been examined by ME with NBI
and in which it had been possible to adequately examine the
pit pattern by MC with crystal violet staining preoperatively.
Nonneoplastic polyps that did not require treatment and
in which the microvascular architecture was not visually
confirmed [2] were excluded. All patients provided written
informed consents for undergoing colonoscopic examinations.

There were 339 patients, and they had a total of 360
lesions. The male-to-female ratio was 214:125, and the
mean age (range) of the subjects was 65.4 (26-85) years. The
clinicopathological features of the 360 lesions are shown in
Table 1. The macroscopic classification was according to the
update on the Paris classification [13].

All endoscopic findings were analyzed retrospectively by
two endoscopists (T.H. and K.Y.) who were experienced for
more than 15 years in the field of colonoscopy and who had
previously assessed more than 500 cases with NBI with ME.
Reviewers were blinded to the histopathological diagnosis.
The final evaluation of endoscopic findings was decided by
agreement of reviewers.

This study was approved by the Medical Ethics Committee
of Fukuoka University Chikushi Hospital.

Histopathological investigations
Resected specimens were mounted on a plate and fixed in
20% buffered formalin solution overnight. These specimens

were embedded on paraffin and cut into 5 pm-thick tissue
sections. Then the sections were subsequently stained with
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hematoxylin-eosin. Histopathological diagnosis was made by
an experienced pathologist (A.1.) who was blind to endoscopic
findings. Histopathological diagnosis was made based upon
the World Health Organization criteria [14]. The tumors were
classified into three groups: 1) adenoma; 2) intramucosal
carcinoma to cancer with superficial submucosal invasion (M/
SMs); and 3) cancer with deep submucosal invasion (SMd).
The histopathological diagnosis was used as the gold standard.
The SMs was defined as “the depth of submucosal invasion is
less than 1000 pum” and the SMd was defined as “the depth of
submucosal invasion is 1000 um or more” [15,16]. According
to the histopathological diagnoses, 211 lesions (58.6%) were
adenomas, 99 lesions (27.5%) were M/SMs, and 50 lesions
(13.9%) were SMd.

Endoscopic specification

The endoscopic procedures were performed using an
electronic endoscopy system (EVIS-LUCERA SPECTRUM;
Olympus, Optical Co. Ltd., Tokyo, Japan) with a magnifying
colonoscopy (CF-H260AZI, PCF-Q240ZI; Olympus, Optical
Co. Ltd., Tokyo, Japan). We used a soft black hood attachment
at the tip of the scope. All of the patients were given 2-3
L of a polyethylene glycol-electrolyte solution starting in
the morning of the day of the examination as preparation.
When a colorectal epithelial lesion was detected by routine
observations, the mucosa on the tumor surface was washed
and immediately examined by ME with NBI. Subsequently,
pit pattern diagnosis was performed by MC after staining
0.05% crystal violet.

Table 1 Clinicopathological features of colorectal neoplasms (n=360)

Mean size (range) 17.9 (4-80) mm

Location
Proximal colon 120
Distal colon 145
Rectum 95
Morphology
0-Ip, 0-Isp, 0-Is 214
0-IIa, 0-ITa+IIc, 0-IIc 67
LST-G 63
LST-NG 16
Histopathology
Adenoma 211
M/SMs 99
SMd 50

Ip, pedunculated; Isp, subpedunculated; Is, sessile; 1la, slightly elevated; Ilc,
superficial depressed; LST-G, laterally spreading tumor-granular type; LST-
NG, laterally spreading tumor-non granular type; M/SMs, intramucosal
carcinoma to cancer with superficial submucosal invasion; SMd, cancer with
deep submucosal invasion
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Figure 1 Microvascular pattern according to VS classification by ME with NBI for colorectal lesions. (A) Regular MV pattern. (B) Irregular
MV pattern. (C) Absent MV pattern

VS, vessel plus surface; ME, magnifying endoscopy; NBI, narrow-band imaging; MV, microvascular pattern

Magnifying endoscopy
with Narrow-band imaging diagnosis

The VS classification system [6,10-12] was applied for
ME with NBI diagnosis. More specifically, the microvascular
(MV) patterns and microsurface (MS) patterns observed by
ME with NBI were classified into three types.

Three types of MV pattern are defined as follows (Fig. 1):

1) Regular MV pattern: The mucosal capillaries have a
uniform shape that can be closed-loop or open-loop.
They have a consistent size and their arrangement and
distribution are regular and symmetrical.

2) Irregular MV pattern: The vessels differ in shape, being
closed-loop, open-loop, tortuous, branched and bizarrely
shaped, with or without a network. The size of the vessels
also varies and their arrangement and distribution are
irregular and asymmetrical.

3) Absent MV pattern: No subepithelial microvascular
pattern is visible.

Three types of MS pattern are defined as follow (Fig. 2).

1) Regular MS pattern: The individual morphology of
marginal crypt epithelium shows a uniform round/oval/
tubular/linear/curved/papillary structure. The width and
length of the marginal crypt epithelium are constant. The

arrangement and distribution are regular and symmetrical.

2) Irregular MS pattern: The individual morphology of
marginal crypt epithelium shows an irregular tubular/
linear/curved/papillary/villous structure. The width
and length of the marginal crypt epithelium vary.
The arrangement and distribution are irregular and
asymmetrical.

3) Absent MS pattern: No epithelial structure is visible by
magnifying endoscopy.

Pit pattern analysis by magnifying chromoendoscopy

The endoscopic evaluation focused on the pit pattern
was categorized according to Kudo’s classification (type
LILII-IV-V-Vy) [17,18]. The type III, and IV pit patterns
were considered indicators of adenoma, and the type V pit
pattern was considered an indicator of cancer. In addition,
the type V pit pattern was divided into a V-low irregularity
pattern and a V-high irregularity pattern [19-21]. The type
V,-high irregularity pit pattern and type V pit pattern were
considered indicators of deep invasion of the SM.

These indicators were used as the basis for comparing the
sensitivity, specificity, and diagnostic accuracy of ME with
NBI and MC (Fig. 3).

Figure 2 Microsurface pattern according to VS classification by ME with NBI for colorectal lesions. (A) Regular MS pattern. (B) Irregular

MS pattern. (C) Absent MS pattern

VS, vessel plus surface; ME, magnifying endoscopy; NBI, narrow-band imaging; MS, microsurface pattern

Annals of Gastroenterology 26



48 T. Hisabe et al

Figure 3 Representative images of adenoma, M/SMs and SMd. Adenoma. (A) VS classification by ME with NBI. MV and MS both regular.
(B) Pit pattern analysis by MC. Type III, pit pattern. (2) M/SMs. (C) VS classification by ME with NBI. MV and MS both irregular. (D) Pit
pattern analysis by MC. Type V,-low irregularity pit pattern. (3) SMd. (E) VS classification by ME with NBI. MV and MS both irregular plus
both absent. (F) Pit pattern analysis by MC. Type V pit pattern

M/SMs, intramucosal carcinoma to cancer with superficial submucosal invasion; SMd, cancer sith deep submucosal invasion; VS, vessel plus surface;
ME, magnifying endoscopy; NBI, narrow-band imaging; MV, microvascular pattern; MS, microsurface pattern; MC, magnifying chromoendoscopy

Statistical analysis Results

Data are presented as 95% confidence inter'vals. The The results of the 360 cases based on the VS classification
mean values were compared by Student’s ¢-test. Differences system are shown in Table 2. In the adenoma cases, the most
at P < 0.05 were considered to be significant. The « statistics common MV pattern was regular (88.6%), and the most
was used for inter-observer variation. SPSS 11.5] (SPSS Inc, common MS pattern was regular (95.3%). In the M/SMs
Chicago, IL) was used for the statistical processing. cases, the most common MV pattern was irregular (59.6%),

Table 2 ME with NBI findings according to VS classification system (n=360)

VS classification adenoma (n=211) M/SMs (n=99) SMd (n=50)
MV regular 88.6% (187/211) 31.3% (31/99) 0% (0/50)
regular plus absent 3.8% (8/211) 0% (0/99) 0% (0/50)
irregular 7.6% (16/211) 59.6% (59/99) 38% (19/50)
irregular plus absent 0% (0/211) 9.1% (9/99) 62% (31/50)
MS regular 95.3% (201/211) 44.4% (44/99) 0% (0/50)
regular plus absent 0% (0/211) 0% (0/99) 0% (0/50)
irregular 4.7% (10/211) 50.5% (50/99) 449% (22/50)
irregular plus absent 0% (0/211) 5.1% (5/99) 56% (28/50)

ME, magnifying endoscopy; NBI, narrow-band imaging; VS, vessel plus surface; MV, microvascular pattern; MS, microsurface pattern; M/SMs, intramucosal
carcinoma to cancer with superficial submucosal invasion; SMd, cancer with deep submucosal invasion
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Table 3 Relationship between VS classification by ME with NBI and pit pattern analysis by MC

VS classification

Pit pattern analysis

Disparity MV and MS MVand MS MYV and MS both IIL IV V., (low) V,(high)
between MV both regular  both irregular irregular plus both (n) (n) VN
and MS (n) (n) absent (n)
(n) (n)
Adenoma
(n=211) 7 194 10 0 202 9 0
M/SMs
(n=99) 13 31 55 0 30 52 17
SMd
(n=50) 0 0 25 25 0 6 44

VS, vessel plus surface; ME, magnifying endoscopy; NBI, narrow-band imaging; MC, magnifying chromoendoscopy; M/SMs, intramucosal carcinoma to cancer
with superficial submucosal invasion; SMd, cancer with deep submucosal invasion

and the most common MS pattern was irregular (50.5%). In
the SMd cases, the most common MV pattern was irregular
plus absent (62.0%), and the most common MS pattern was
irregular plus absent (56.0%).

Based on these findings, the presence of MV pattern and
MS pattern both regular (regardless of whether an absent area
was present or not) was considered an indicator of adenoma,
the presence of MV pattern and MS pattern both irregular
(regardless of whether an absent area was present or not)
was considered an indicator of cancer, and the presence of
MYV pattern and MS pattern both irregular plus absent was
considered an indicator of SMd.

In 194 of the 211 adenoma cases, MV and MS patterns

were both regular, in 105 of the 149 cancer cases (M/SMs and
SMd), MV and MS patterns were both irregular, and in 25 of
the 50 SMd cases, MV and MS patterns were both irregular
plus absent. In 7 of the 211 adenoma cases and in 13 of the
99 M/SMs cases, there was a disparity between MV and MS
(e.g. MV: regular, MS: irregular).

According to the pit pattern analysis, 202 of the 211
adenomas showed a type I11, or IV pit pattern, 119 of the 149
cancers showed a type V pit pattern, and 44 of the 50 SMd
cases showed a type V-high irregularity pit pattern and type
V pit pattern (Table 3).

The diagnostic performance of the VS classification by
ME with NBI and pit pattern analysis by MC is compared

Table 4 Diagnostic accuracy of VS classsification by ME with NBI versus pit pattern analysis by MC

VS classificaton

Pit pattern analysis

(95%CI) (95%CI) P-value

Adenoma

Sensitivity 91.9% (88.3-95.6) 95.7% (93.0-98.5) NS

Specificity 79.2% (72.7-85.7) 79.9% (73.4-86.3) NS

Accuracy 86.7% (83.2-90.2) 89.2% (86.0-92.4) NS
Cancer

Sensitivity 70.5% (63.1-77.8) 79.9% (73.4-86.3) NS

Specificity 95.3% (92.4-98.1) 95.7% (93.0-98.5) NS

Accuracy 85.0% (81.4-88.7) 89.2% (86.0-92.4) NS
SMd

Sensitivity 50.0% (36.1-63.9) 88.0% (79.0-97.0) <0.0001

Specificity 100% (100) 82.8% (75.4-90.3) <0.0001

Accuracy 83.2% (77.2-89.2) 84.6% (78.8-90.4) NS

VS, vessel plus surface; ME, magnifying endoscopy; NBI, narrow-band imaging; MC, magnifying chromoendoscopy; CI, confidence interval; NS, not significant;

SMd, cancer with deep submucosal invasion
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Table 5 Inter-observer variation fo ME with NBI analysis by MC
analysis by MC

Reviewer 1
Adenoma Cancer SMd
Adenoma 191 31 0
Reviewer 2 Cancer 22 127 6
SMd 0 9 24

ME, magnifing endoscopy; NBI, narrow band imaging; band imaging; MC,
magnifying chromoendoscopy; SMd cancer with deep submucosal invasion

in Table 4. There was no significant difference between the
sensitivity, specificity, or accuracy of VS classification and pit
pattern analysis for the diagnosis of adenoma and cancer. The
sensitivity of pit pattern analysis (88.0%) for the diagnosis of
SMd was significantly higher than that of VS classification
(50%) (P <0.0001). On the other hand, the specificity of VS
classification (100%) was significantly higher than that of pit
pattern analysis (82.8%) (P <0.0001).

The « values of inter-observer variation for ME with NBI
diagnosis was 0.703 (Table 5) (moderate agreement [22]).

Discussion

In this study, we applied the VS classification system by
ME with NBI for use in colorectal neoplasms, a simplified
diagnostic system that has already been proposed by Yao et
al [6,10-12]. This study suggests that the VS classification
system can be applied to the colorectum and can identify the
characteristics of the colorectal neoplasms. In particular, the
specificity of VS classification for the diagnosis of SMd was
significantly higher than that of pit pattern analysis.

The number of reports claiming that NBI is useful for
making a histological diagnosis of colorectal lesions has been
increasing in recent years. Sano et al classified microvascular
architecture into 3 patterns based on its morphology in
observations of lesions with an NBI system and proposed a
capillary pattern (CP) classification [2,8,23]. Wada et al [18,24]
conducted a study in which they classified vascular patterns
into 6 categories. However, since microsurface structure
patterns as well as microvascular patterns are visualized
in actual NBI observations, studies that employed both
patterns have also been conducted. As described in the report
by East et al [3], the morphology of the crypt openings of
small diminutive colonic polyps was clearly depicted in NBI
observations. Based on such findings, an attempt has even
been made to devise an NBI classification that includes the
morphology of the pit patterns that can be observed. Kanao
et al [9] devised a classification into type A, B, and C (C1, C2,
and C3) based on both the pit appearance and morphology of
the microvascular architecture that could be observed by NBL

Pit pattern analysis by MC has long been known to be
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a useful diagnostic method for histopathological diagnosis
[17,18,25-27]. It is very useful if the pit pattern can also be
observed simultaneously during NBI observations. However,
when the crypt openings are small or the microsurface structure
of cancers has been distorted, it is sometimes difficult to
observe the morphology of the crypt openings by NBIL.

For these reasons, it is impossible to consistently observe the
pit pattern by NBI alone. Furthermore, there are many categories
in each of these classifications, and they are too complicated to
use by endoscopists in clinical practice. We therefore applied
the VS classification system, a simple diagnostic system that
has already been proposed by Yao et al [6,10-12] for use in the
stomach. Briefly, we simply classified the morphology of the
microvascular pattern and microsurface pattern into regular,
irregular or absent. Then we integrated both the microvascular
pattern and microsurface pattern. This VS classification system
is a simple but comprehensive diagnostic system that can be
commonly applied throughout the GI tract [28]. This study
demonstrates that the diagnostic performance between the
VS classification and pit pattern analysis of adenoma and
cancer was almost the same, except that the sensitivity of pit
pattern analysis for the diagnosis of adenoma was significantly
higher than that of VS classification. We concluded that the
VS classification system can also be applied to the diagnosis
of colorectal neoplasms. Certainly, this diagnostic test results
(sensitivity, specificity, accuracy) were not representative of
those in clinical practice, because we recruited 360 lesions, 50
of which were SMd and 99 of which were M/SMs at a single
hospital. Further longitudinal studies are warranted in order
to clarify the potential of the VS classification system.

When a colorectal lesion was detected by conventional
endoscopy, ME with NBI was immediately performed. Since
not a single SMd case was included when MV and MS were
both regular by ME with NBI, endoscopic resection might be
simply indicated. Since lesions that ranged from adenomas
to deeply invasive SM cancers were included when MV and
MS were both irregular, it appeared preferable to make the
diagnosis based on a combination of examinations, such as
pit pattern analysis by MC and endoscopic ultrasonography,
and to decide upon the approach to treatment. Although MV
and MS both irregular plus both absent had poor sensitivity
as an indicator of SMd, the combination had remarkably high
specificity (100%). With regard to the pit pattern and analysis
of these 25 lesions, 4 of the 25 lesions showed the type V-high
irregularity pit pattern, while 21 of the 25 lesions demonstrated
the type Vy pit pattern (data not shown in the results). The
probability of lymph node metastasis is known to be low when
the depth of SM invasion is less than 1000 um [15]. Determining
whether there is scanty submucosal invasion or submucosal
deep invasion by an endoscopic examination before treatment
is also very important in order to decide upon the therapeutic
strategies. Furthermore, since there are 20 cases in which it is
difficult differentiate between-regular and irregular pit patterns
and in which there is a disparity between MV and MS, it is
necessary to perform pit pattern analysis by MC.

We assumed that the simple VS classification system that



has been proposed for the stomach might also be applied
to the differentiation of neoplastic from non-neoplastic
colorectal lesions in combination with pit patterns until a
wider remit of lesions is investigated. Further investigations
are necessary to elucidate whether this classification may
provide better clinical decision making in the management
of colorectal neoplasms.

Summary Box

What is already known:

o ME with NBI is useful for making a histological
diagnosis of colorectal lesions

e The VS classification system is a simple but
comprehensive diagnostic system that has been
proposed for the stomach

What the new findings are:

o The VS classification system can be applied to
clorectal lesions

e MV and MS both regular was consedered an
indecator of adenoma. MV and MS both irregular
was considered an incicator of cancer

e« MV and MS both irregular plus both absent was
significant indicator of SMd
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