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The diagnostic value of i-scan image-enhanced endoscopy
in the diagnosis of oral cavity leukoplakia
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= Abstract =

Background/Objectives: The aim of this study was to investigate the diagnostic value of i-scan in the differential
diagnosis of oral cavity leukoplakia based on visualization of abnormal vascular features.

Materials & Methods: Thirty- one patients with oral cavity leukoplakia were enrolled in the study. Images of
their oral cavity obtained using conventional white light endoscopy and an i-scan-enhanced endoscopy (Pentax
DEFINA EPK-3000 Video Processors, with Pentax VNLJ10) were reviewed. The microvascular features of the
lesions and vascular changes were analyzed and the results were compared with the histopathologic diagnosis.

Results: Among the 31 oral cavity leukoplakia patients, 8 (25.8%) patients revealed hyperkeratosis, 10 (31.2%)
low-grade dysplasia, 5 (16.2%) high-grade dysplasia and 8 (25.8%) invasive squamous cell carcinoma on histopatho-
logic examination. Using i-scan-enhanced endoscopy, we could found abnormal vascular change with neoplastic
neoangiogenesis in most high-grade dysplasia or invasive cancer in oral cavity. (high-grade dysplasia: 4/5 [80.0%],
and invasive squamous cell carcinoma: 7/8 [87.5%]).

Conclusion: i-scan-enhanced endoscopy could be a useful optical technique for the diagnosis of oral cavity
leukoplakia. Our results suggest that i-scan may be a promising diagnostic tool in the early detection of suspected
oral mucosal lesion.
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Introduction of the oral mucosa.” The pathologic results of clinically
diagnosed oral cavity mucosal leukoplakia may be hyper-
Oral cavity leukoplakia is a relatively common disease plasia, mild or moderate dysplasia, severe dysplasia, or

carcinoma. Furthermore, the degree of atypical hyperplasia

is considered to be the most important prognostic factor
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for evaluating the risk of progression of malignant tumors
. . .2
in oral cavity leukoplakia. : Therefore, Proper management

of patients with oral cavity leukoplakia should always begin
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with accurate evaluation: visual examination followed by
biopsy remains the most widely accepted first diagnostic
step. However, conventional white light endoscopy (WLE)

is not optimal in resolution and contrast, which is difficult



to distinguish between superficial mucosal cancer and pre-
cancerous lesions. The narrow band imaging (NBI) system
(Olympus Medical Systems, Tokyo, Japan) is a noninvasive
optical device that uses reflected light to visualize the super-
ficial structure and enhance the appearance of the vascula-
ture within the mucosal layer. Examination using NBI is
greatly related to the morphology of microvessels, which
include the intraepithelial papillary capillary loop (IPCL).S}
However, narrow band images are much darker than con-
ventional WLE images.

i-scan technology is a newly developed image-enhanced
endoscopy technology from PENTAX, Japan. i-scan images
are as bright as conventional WLE images and do not need
magnifying endoscopy to observe the demarcation of the
1esion.4) It has three modes of image enhancement: SE, sur-
face enhancement (enhancement of the structure through
recognition of the edges); CE, contrast enhancement (en-
hancement of depressed areas and differences in structure
through colored presentation of low-density areas); and TE,
tone enhancement (enhancement tailored to individual or-
gans through modification of the combination of RGB com-
ponents for each pixel). i-scan technology has been used
in gastroenterology practice and has already been shown
to improve the accuracy and diagnostic yield by identifying
subtle abnormalities during endoscopy. lacucci et al have
found that i-scan improved the characterization of patchy
atrophy of the villi in patients with celiac disease.” This
helped in directing and targeting duodenal biopsies and im-
proved the diagnostic yield. Graham and Banks found spe-
cialist upper gastrointestinal endoscopists using i-scan could
detect dysplasia within a Barrett’s segment with 75%
sensitivity.é)

We performed endoscopic visual examination with i-scan-
enhanced endoscopy (Pentax DEFINA EPK-3000 Video
Processors, with Pentax VNLJ10) in patients with oral cav-
ity leukoplakia. The aim of this study was to evaluate the
diagnostic value of i-scan in the differential diagnosis of
oral cavity leukoplakia based on abnormal oral mucosal vas-

cular features.

Material & methods

The study was approved by the institutional ethics com-

mittee and performed in accordance with the Declaration

of Helsinki.

Subjects

Between March 2016 and September 2018, 31 oral cavity
leukoplakia patients who underwent excisional biopsy for
tissue biopsy confirmation were enrolled in this retro-
spective study. The selection criteria for the present study
were as follows: 1) the presence of oral cavity leukoplakia,
2) no previous procedures (e.g., surgery, radiotherapy), and
3) preoperative endoscopy with WL and i-scan. The patients
were examined using flexible endoscopy with WLE and
i-scan (Pentax DEFINA EPK-3000 Video Processors, with
Pentax VNLIJ10). The patients with grossly exophytic tumor
or ulcerative lesion were excluded. Age, sex, medical his-
tory, preoperative laryngoscopy on WL and i-scan, and
pathologic histologic features were analyzed. The examina-
tions were performed first with WL with a wide view to
observe the whole lesion and the surrounding mucosa. Then,
under i-scan, the same procedure was performed and the
vascular features were analyzed in detail and recorded.
i-scan consists of three different image algorithms: SE, TE,
and CE. The three modes (SE, TE, and CE) are arranged
in series; therefore, it is possible to apply two or more of
these modes at one time. Switching of the level or mode
of enhancement can be performed on a real-time basis, with-
out any time lag, by pushing a scope button, enabling effi-
cient endoscopic observation. i-scan 1, comprised of SE and
CE, provides the user with a view that sharpens surface
vessels and enhances surface texture of the mucosa. i-scan
2, comprised of SE, CE and TE mode c, provides the user
with an image that increases the contrast between the muco-
sa and blood vessel. This increased contrast leads to im-
proved visibility of blood vessels while also providing the
same enhancements to the mucosal surface texture achieved
in i-scan 1. i-scan 3 (SE, CE and tone enhancement mode
¢ (TEg)) provides the user with increased visibility of blood
vessels. The default setting for i-scan used in this study
was SE 4+ and CE 3+. Image analysis of the microvascular
features (regular and irregular) of the lesions and vascular
change descriptions published by Arens et al. were fol-
lowed; type 1 was defined as longitudinal vascular changes,
enlarged and static vessels, meandering, tortuous, or dilated

vessels, convoluted vessels, increased number of vessels or



branches of vessels “feeding” blood vessels; type II was
defined as perpendicular vascular changes, real vessel loops
with a wide-angled turning point embedded in a three-di-
mensional warty structure; type Il was defined as enlarged
and symmetric dot-like loops, abnormal IPCLs with nar-
row-angled turning points; and type IV was defined as ab-
normal worm-like vessels with spiral morphology and bi-
zarre course. They divided superficial vascular architecture
in a quite simplistic and practical approach, through a di-
chotomous distinction between benign (longitudinal vessels)
and premalignant or malignant (perpendicular vessels)
lesions. The likelihood of malignancy is high in the order
of type I to IV.

Excisional biopsy for pathologic confirm were performed
after the patients provided written consent. The specimens
from these patients were obtained from the archives of the
Department of Pathology and reviewed by head and neck
pathologists to verify the diagnosis and confirm the grade
of dysplasia. Dysplasia of squamous epithelium

is a spectrum and graded as low, intermediate, or high,
according to the World Health Organization (WHO) 2005

.8
classification.

Results

Thirty-one patients with oral leukoplakia were enrolled.
The mean age was 68.2 years (range 48-82 years); 26
(83.8%) patients were male and 5 (16.2%) were female. Most
oral leukoplakia were located in the tongue (20 (64.5%)).
Among 31 patients, 8 (25.8%) patients had hyperkeratosis,
10 (31.2%) low-grade dysplasia, 5 (16.2%) high-grade dys-
plasia, and 8 (25.8%) invasive squamous cell carcinoma on
histopathologic examination.(Table 1) Among the 8 patients
with hyperkeratosis, longitudinal vascular patterns (type I)
in the i-scan image were detected in 5 (71.4%) and type

Il perpendicular vascular changes in 2 (28.6%) patients.

Among patients with low-grade dysplasia, 5/10 (50.0%) were
identified as having a type I vascular pattern, 4/10 (40.0%)
as having type II vascular change, and 1/10 (10.0%) as hav-
ing type IIl abnormal IPCLs with narrow-angled turning
points. Histologic features of high-grade dysplasia, or in-
vasive squamous cell carcinoma were detected in 13/31
(41.9%) patients. i-scan identified neoplastic neoangiogenesis
(type 1V) in 1/5 (20.0%) and 5/8 (62.5%) patients with
high-grade dysplasia and invasive squamous cell carcinoma,
respectively. Abnormal IPCLs with narrow-angled turning
points (type III) were found in 3/5 (60.0%) and 2/8 (25.0%)
patients with high-grade dysplasia and invasive squamous

cell carcinoma, respectively (Table 2).

Discussion

Leukoplakia is the most common premalignant or poten-
tially malignant lesion of the oral mucosa. It seems pref-
erable to use the term leukoplakia as a clinical term only.
When a biopsy is taken, the term leukoplakia should be re-
placed by the diagnosis obtained histologically.l) The differ-
ent clinical types of leukoplakia, including homogeneous and

nonhomogeneous types, are made based on surface color

Table 1. Demographic & clinical characteristics of enrolled
patients

Variables

Number of enrolled patients 31

Age 68.2 years (48-82 years)
Sex (Male/ Female)
Male 26 (83.8%)
Female 5 (16.2%)
Pathology
Oral cavity
Hyperkeratosis 8 (25.8%)
Low-grade dysplasia 10 (31.2%)
High-grade dysplasia 5 (16.2%)
Invasive squamous cell 8 (25.8%)

carcinoma

Table 2. Comparison of i-scan images for vascular feature and histopathologic findings.

Microvascular feature type on i-scan

Pathology

Type | Type |l Type il Type IV
Hyperkeratosis 5/8 (71.4%) 2/8 (28.6%) 0 0
Low-grade dysplasia 5/10 (50.0%) 4/10 (40.0%) 1/10 (10.0%) 0
High-grade dysplasia 0 1/5 (20.0%) 3/5 (60.0%) 1/5 (20.0%)
Invasive squamous cell carcinoma 0 1/8 (12.5%) 2/8 (25.0%) 5/8 (62.5%)




and morphological characteristics under broadband white
light.g) In addition to conventional WLE, many other “bio-
logic endoscopy” methods (e.g., autofluorescence, contact
endoscopy with vital tissue staining, and confocal endomi-
croscopy) have improved the rates of earlier detection of
not only epithelial, but also vascular change in vocal cord."”
Among them, narrow band imaging (NBI), which is an endo-
scopic imaging technique that emphasizes the mucosal mi-
crovasculature and identifies vascular alterations by placing
narrow bandpass filters in front of a conventional white-light
source to obtain tissue illumination at selected, narrow wave-
length bands, is increasingly preferred and recommended for
examining in laryngeal lesion."” i-scan is a newly developed
image enhanced endoscopy technology from PENTAX.
Although NBI is useful for detecting, diagnosing or identify-
ing the demarcation line and predicting the histological char-
acteristics of cancers with magnifying endoscopy, narrow
band images are much darker than conventional white light
images, particularly in large luminal diameter regions of the
gastrointestinal tract.”” i-scan images are as bright as con-
ventional white-light images, therefore, i-scan is able to ob-
serve much larger areas from a distant view than NBI.
Therefore, i-scan may be useful for evaluating not only oral
cavity leukoplakia but also laryngo-hypopharyngeal lesion
in head and neck area. Moreover, i-scan does not need mag-
nifying endoscopy to observe the demarcation of the lesion.
For evaluation of vascular characteristics on the lesion, i-
scan tone enhancement (TE) dissects and analyses the in-
dividual red-green-blue (RGB) components of a normal en-
doscopic image in real-time, alters the color frequencies of
each component, and recombines the components to a single,
new color image without visible delay for the examiner.
Thereby, TE enhances mucosal structures, vascular patterns
and subtle changes in color. i-scan combines a variety of
parameters to produce the effect of each i-scan mode.
Among these are the following: brightness of light (off, -5
to +5), red (off, -5 to +5), blue (off, -5 to +5), light measuring
mode (ave, peak) enhancement (off, low, med, high), surface
enhancement (off, +1 to +6), contrast enhancement (off, +1
to +6) and tone enhancement settings (off, ¢, g, r, e, b, d).

To our knowledge this is the first study to investigate
the diagnostic value of visual examination combined with
i-scan for the diagnosis of oral cavity leukoplakia. This study

shows that the use of i-scan image enhancement technology

improves the detection of vascular changes, offering the
combination of surface enhancement and tone enhancement.
Huang et al. showed that microvessel characteristics in the
mucosa around the plaque identified using NBI were closely
associated with the pathological diagnosis.m Also, Yang et
al demonstrated that the NBI images of twisted elongation
of IPCL and IPCL pattern destruction are indicators of
high-grade dysplasia or carcinomatous lesions in oral
leukoplakia.m i-scan consists of three types of algorithms:
SE, CE, and TE. SE and CE are expected to provide a useful
means of screening because they can improve detection of
lesions without altering the color tone markedly or reducing
the brightness of images. After a lesion is found, TE is ap-
plied as a simple means of making changes in the color
tone and structure more evident.” Hoffman et al. demon-
strated that HD+ colonoscopy with i -scan functionality de-
tected significantly more patients with colorectal neoplasia
compared with standard resolution endoscopy.ls) In their
study, significantly more neoplastic (adenomatous and can-
cerous) lesions and more flat adenomas could be detected
using high definition endoscopy with surface enhancement.
i-scan has proved useful not only in the intestinal mucosa
but also in the airway mucosa. In an analysis of 29 patients,
vascular abnormalities were scored most frequently in HD
+ i-scan 2 bronchoscopy than in autofluorescence
videobronchoscopy. This study also showed that high defi-
nition bronchoscopy with image enhancement techniques
may result in better detection of subtle vascular abnormal-
ities in the airways.lé)

In our study, atypical blood vessels such as type IV abnor-
mal worm-like vessels with spiral morphology and bizarre
course were detected in leukoplakia lesions revealed as in-
vasive carcinoma (Fig. 1). Perpendicular vascular networks
are characterized by the development of [PCLs. The main
target of analysis in i-scan techniques is neoangiogenesis,
and observation of thick dark spots within a well-demar-
cated brownish area with proliferation of dilated and abnor-
mal [PCLs is generally considered a hallmark of epithelial
precancerous or neoplastic evolution. In most leukoplakic
lesions proven to be malignant, abnormal IPCLs were de-
tected on i-scan images. The growth of epithelial tumors
leads to escalated disorderliness of the vascular micro-
architecture, which is observed in practice as changes in

the IPCL arrangement, diameter, and shape, and as a loss
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Fig. 1. Images using i-scan-enhanced endoscopy. A: i-scan 1 (surfface and contrast enhancement, SE
lesion is seen on the left lateral border of tongue. B: i-scan 2 (SE, CE and tone enhancement (TE) c¢). i-scan 2 better demarcates
the vascular components (arrow head) of a hypervascular lesion in oral cavity leukoplakia. C: i-scan 3 (SE, CE and TE v). i-scan
3 characterizes the abnormal vascular change with worm-like features (arrow).

of regularity.7) Stanikova et al. demonstrated that 22/26 cas-
es that had malignant [PCLs on NBI were confirmed to
be carcinoma in situ or invasive squamous cell carcinoma.

i-scan SE highlights oral cavity mucosal surface struc-
tures that can be used for the detection of epithelial changes.
Abnormalities are easier to detect. i-scan TE accentuates
mucosal structures and vascular patterns, improving the de-
termination of lesion margins. These details are helpful in
demarcating and characterizing oral mucosa leukoplakia and
degree of dysplasia. Neoplastic and inflammatory vessel and
tissue patterns may be differentiated from non-neoplastic
patterns. i-scan 3 (SE, CE and TEv) further enhances the
visibility of the vessel patterns and helps in the localization
of adequate biopsy sites.

This study has some limitations. First, we performed a
retrospective image review, not prospective studies. There
is a possibility that the description of the vascular pattern
may be different depending on the part of the image taken.
Second, in the present study we did not analyze surface
mucosal change or epithelial abnormalities, which are im-
portant variables in endoscopic diagnosis. In future, pro-
spective studies should be conducted to address these limi-
tations and to validate the value of i-scan by comparing

its efficacy with that of NBI.

Conclusion

Endoscopic image examination with an i-scan-enhanced
technique is useful in detecting subtle vascular patterns in
oral cavity leukoplakia. These vascular abnormalities could
be significantly related to degree of dysplasia. Further stud-
ies for validating this technique for the diagnosis of oral

cavity cancer are warranted.
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