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Narrow-band imaging pattern classification in oral cavity
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Abstract
Objective: Narrow-band imaging is widely used in the diagnostic work-up of oral le-

Correspondence sions. Different oral subsites present three epithelial types (1, 2a and 2b), each with
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a different structure and function. The aim of this study was to analyse and describe
the different vascular patterns seen on narrow-band imaging according to oral epi-
thelial type and histology.

Materials and Methods: The narrow-band imaging photographs of healthy, dysplas-
tic and neoplastic oral mucosa were retrospectively reviewed and divided according
to epithelial type and histology. The different narrow-band imaging patterns were
analysed, related to the clinical appearance of the specific area, accurately described
and drawn by a professional designer.

Results: The photographs of 302 patients were considered. Six patterns were identi-
fied: Normal mucosa exhibited different appearance in each type of epithelium; dys-
plastic mucosa presented the same pattern in type 1 and 2a epithelia, which differed
from that of type 2b epithelium; in cancer, mucosal appearance was identical irre-
spective of epithelial type, due to complete vascular destruction.

Conclusions: The proposed classification could serve as a guide for clinicians ap-
proaching narrowband imaging, especially at early stages of the learning curve, to
differentiate normal mucosa from malignant lesions and possibly reduce the number

of unnecessary biopsies.
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1 | INTRODUCTION

(CT), which impair function and negatively affect patients’ quality of
life (Rathod, Livergant, Klein, Witterick, & Ringash, 2015).

Oral cancer and oropharyngeal cancer together represent the tenth
most common cancer worldwide (Cosway, Drinnan, & Paleri, 2016).
The estimated new cases for 2018 in the United States are 51,540,
with 10,030 related deaths (Siegel, Miller, & Jemal, 2018), with a con-
tinuously increasing trend. An early diagnosis could increase the num-
ber of survivors, as predicted in a recent paper (Miller et al., 2016).
Unfortunately, most oral and oropharyngeal cancers continue to be di-
agnosed at an advanced stage, requiring extensive surgical approaches

or nonsurgical treatments such as radiotherapy (RT) or chemotherapy

During carcinogenesis, vascular structure and architecture
undergo considerable changes (Kumagai, Toi, & Inoue, 2002), and
these phenomena occur so early as to be already present when
the mucosa still appears normal at conventional oral examina-
tion. The possibility to diagnose tumours based on angiogenic or
vascular morphologic changes might be ideal for the early detec-
tion of neoplasm (Muto, Katada, Sano, & Yoshida, 2005), both for
primary tumours and for local recurrences or second primaries.

The introduction of optical technologies allowing identification
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of vascular abnormalities could help to detect cancers at an early
stage. Among these technologies, narrow-band imaging (NBI) has
widely demonstrated its ability to reveal early mucosal lesions (Ni
& Wang, 2016). This optical image-enhanced endoscopy is based
on the use of light filters. Two specific wavelengths, 415 and
540 nm, are employed because they can specifically highlight the
intrapapillary capillary loop (IPCL) in the superficial mucosa and
the thicker blood vessels in the deeper mucosa and submucosa,
given that the depth of light penetration in tissue is directly re-
lated to wavelength (Gono et al., 2004).

Different IPCL patterns have been described in the various fields
of NBI application. After Inoue et al. (2000) first described IPCL pat-
terns in the oesophagus, Watanabe et al. (2009) and Piazza et al.
(Piazza, Cocco, De Benedetto, Del Bon, et al., 2010) presented the typ-
ical NBI features of laryngeal carcinoma, and Ni et al. (2011) proposed
the first classification of IPCLs in precancerous and malignant laryn-
geal lesions, followed by the more simplistic approach of the European
Laryngological Society (Arens et al., 2016). The same was also done by
Wen et al. (2012) for the nasopharynx, Fujii et al. (Fujii, Yamazaki, Muto,
and Ochiai ,2010) for the oropharynx and Takano et al. (2010) for the
oral cavity.

All of the above classifications of vascular appearance, however,
are exclusively based on histology and fail to take epithelial struc-
ture into consideration. The mucosa of the different regions of the
head and neck presents different types of covering epithelium ac-
cording to the different subsites and their function (Lin, Wang, Lee,
Tsai, & Weng, 2012).

The aim of the present study was to provide an accurate descrip-
tion and classification of vascular patterns visible on NBI in the dif-
ferent oral subsites divided according to their epithelial structure,
both in normal conditions and in the presence of different grades
of dysplasia or carcinoma. We specifically focused on oral subsites
(floor of mouth, ventral and dorsal surface of the tongue, labial and
buccal mucosa, retromolar trigone and hard palate) because in areas
with thick lymphoid tissue, such as the oropharynx, follicular hyper-
plasia can influence IPCL morphology (Ni & Wang, 2016).

As the oral cavity is generally amenable to visual inspection,
we also correlated the NBI results with the clinical appearance
of the analysed areas. Even if high-resolution photographs are
shown, we decided to provide also the drawings prepared by a
professional designer in order to increase the recognition of the
more important characteristics and help a less trained eye in their

identification.

2 | MATERIALS AND METHODS

This retrospective study was conducted at the ENT Department of
Trieste in accordance with the principles stated in the Declaration
of Helsinki (1964), and its design was approved by the University of
Trieste Ethics Committee (January 16, 2017, Report no. 76).

In July 2016, we searched the hospital department database for
all cases of subjects who underwent oral NBI endoscopy between

January 2012 and June 2016. These included patients with oral and
oropharyngeal cancers undergoing preoperative and intraoperative
examinations or postoperative follow-up at our department, and
noncancer patients scheduled for a sinonasal or otologic surgery or
undergoing audiometric examinations who volunteered to undergo
NBI examination. Noncancer patients had no previous or current
smoking or drinking habits, nor did they suffer from diabetes melli-
tus or chronic inflammatory mucosal conditions that could alter the
vasculature and introduce a confounding factor (Gong, Wei, Yu, &
Pan, 2015; Mauri-Obradors, Estrugi-Devesa, Jané-Salas, Vifas, &
Lopez-Lépez, 2017). Each subject undergoing NBI evaluation signed
an informed consent form and a privacy policy agreement. Subjects
were evaluated by one of the three authors, using a Visera Elite sys-
tem OTV-5190 videoprocessor and CLV-5190 light source, CH-S190-
XZ HDTV (high definition television) camera, OEV261H 26” LCD HD
monitor (Olympus Medical Systems Corp, Tokyo, Japan) with rigid
endoscopes with a viewing angle of 0° and 70°. Topical anaesthesia
with lidocaine spray 10 g/100 ml was used only if necessary to re-
duce discomfort. If mobile dental prostheses were present, the sub-
ject was asked to remove them before the examination. Irrespective
of the reason for performing NBI, a complete assessment of the oral
mucosa was carried out in each subject, maintaining the endoscope
at a distance of 1 cm or, to avoid patient discomfort when approach-
ing posterior subsites, up to 3 cm but using the camera zoom func-
tion. During the examination, the system was switched between
white light (WL) HDTV and NBI HDTV by pressing a button on the
camera. If an NBI-positive area was found, an incisional biopsy was
performed; the histological analysis was reported by a single pathol-
ogist who was blinded to the results of NBI. Conversely, if NBI did
not show vascular changes, biopsy was not performed for ethical
reasons but the patient was re-evaluated after 6 and 12 months to
confirm his/her negativity in NBI. Photographs of all examinations
were recorded and saved on a computer for further evaluation.

All charts and images of cases of NBI-positive and NBI-negative
findings in the various oral subsites were reviewed. Patients under-
going oncologic follow-up who had been treated with radiotherapy
either alone or in combination with surgery and/or chemotherapy
were excluded from the analysis.

Subjects were divided into two groups:

group A: “NBI-positive”
group B: “NBI-negative”

We defined “NBI-positive” subjects who presented with the known
alterations of the intrapapillary capillary loop (IPCL), such as dilatation
and crossing, elongation and meandering or pattern destruction and
angiogenesis (Takano et al., 2010; Yang et al., 2012; Yang, Lee, Chang,
Chien, & Chen, 2013), or in the presence of brown dots (Muto et al.,
2004; Piazza, Cocco, Bon, et al., 2010) which can underlie histologi-
cal changes, and with a histological confirmation of different grades
of dysplasia and/or carcinoma on biopsy. It is known that mild IPCL
alterations (i.e., dilatation and crossing) may also be detected in inflam-
matory conditions like aphthae, but in these cases, the same type of



Group A (n = 141)

Sex, n (%)
Male 98 (69.5) 102 (63.4)
Female 43(30.5) 59 (36.6)

Age, year, mean + SD 69 + 11 (44-89)

(range)

TABLE 2 Distribution of oral lesions in group A according to
epithelial type and histology

Epithelial type n (%)
| 14 (13.1)
lla 58 (54.2)
Ib 35(32.7)
Histology
Mild dysplasia 5(4.7)
Moderate dysplasia 14 (13.1)
Severe dysplasia 14 (13.1)
Carcinoma 74 (69.1)

IPCL will also be seen surrounding the lesion, which is plastic and pain-
ful, thus helping the clinician in the diagnosis: Consequently, we did
not consider these lesions as NBI-positive and, if found, we excluded
them. To avoid variability in the interpretation of dysplasia, all the bi-
opsies were analysed by a dedicated pathologist. When these vascular
alterations were not present, even at the following 6- and 12-month
controls, subjects were classified as “NBI-negative”.

Because different subsites of the oral mucosa present different
epithelial types in terms of thickness and keratinization based on
their function, we divided the photographs obtained in each group
according to Lin et als classification (Lin et al., 2012): type 1, ke-
ratinized thick stratified squamous epithelium which is present in
gingiva, hard palate and dorsal surface of the tongue; type 2a, non-
keratinized thin stratified squamous epithelium found in the floor
of mouth and ventral tongue; type 2b, non-keratinized very thick
stratified squamous epithelium of the retromolar trigone, labial and
buccal mucosa.

The photographs of each oral subsite in group A were divided
according to histological results (mild, moderate, severe dysplasia
and carcinoma), and the vascular patterns on NBI were analysed and
described to verify whether a specific histology was associated with
a constant vascular pattern in a particular subsite.

The photographs of each oral subsite in group B allowed us to
describe normal NBI vascular patterns. The judgement of normalcy
of the patterns was based on reproducibility of the NBI findings in
the same subsite across different patients owing to the ethical im-
plications and feasibility of random biopsy sampling in every patient
with negative clinical results.

All the photographs were meticulously studied by the three au-
thors independently, all with at least three years’ experience in NBI

Group B (n = 161)

67 + 10 (42-88)

TABLE 1 Demographic characteristics

p-Value of NBI-positive (group A) and NBI-
negative (group B) subjects

0.27

0.11

use, and the microvascular organization (regular, irregular) and ap-
pearance of the vascular pattern were accurately described: results
were categorized according to the agreement of at least two of three

examiners and drawn by a professional designer.

3 | RESULTS

The photographs of 302 subjects were retrospectively reviewed. The
demographic characteristics of subjects in the two groups are shown
in Table 1. The two groups (“NBI-positive” and “NBI-negative”) were
comparable in terms of patients’ sex and mean age (p = NS).

Among the 141 patients in group A, 107 oral lesions were biop-
sied: their distribution according to epithelial type and histology is
presented in Table 2. None of the lesions was clinically indicative
for an inflammatory condition, and consequently, no patients were
excluded from the analysis.

At conventional oral endoscopy, the normal mucosa appeared as
plane and without evident dyschromic areas, dysplastic lesions ap-
peared as ulcerations (#2), leukoplakia (#12; five flat, two verrucous,
five elevated), erythroplakia (#7; four flat, three elevated), flat leu-
koerythroplakia (#8) or were not visible in four cases, while invasive
cancers appeared as ulcerated (#37), vegetating (#20) and flat (#17)
lesions. In the “NBI-negative” group, 19 patients wore dentures: they
usually presented symmetrical hyperkeratosis in the gingival mucosa
were the dentures lay, and none of them presented confounding sto-
matitis in the denture-bearing areas. We noted that the presence of
frictional keratosis along the occlusal line of the cheek mucosa was
independent from the use of dentures (p = 0.29) and easily recogniz-
able by its constant position and characteristics (cord-like).

Considering epithelial structure in the different oral subsites and
the different histologies, we identified six vascular patterns on NBI.

All normal mucosa presented a “normal” pattern which differed
according to the specific subsite (1, 2a and 2b). Its appearance in

detail was as follows:

Normal 1: The normal mucosa in subsites covered by type 1 epi-
thelium (gingiva, hard palate and dorsal surface of the tongue)
presented thin dark green/brown vessels with small branches
arising at an acute angle, which represented the superficial muco-
sal capillaries. In the posterior hard palate, some of the branching
vessels ended with a “flower-like” configuration with a thin vessel
acting as a “stem” and several points all around as the “petals”,
attributable to minor salivary glands. Some large light blue vessels



FIGURE 1 Normal patternin type 1 epithelium. (a) Posterior hard palate appearance on NBI endoscopy. Thin dark green/brown vessels
with small branches arising at an acute angle and representing the superficial mucosal capillaries are visible (thin arrow). Some of those
branching vessels end with a “flower-like” configuration (circle) with a thin vessel acting as a “stem” and some points all around as the
“petals”, attributable to minor salivary glands. Some large light blue vessels representing the submucosal veins can be glimpsed (thick arrow).
(b) Superficial mucosal capillaries, submucosal veins (in cyan) and flower-like structures are underlined. (c) Schematic representation of the
main characteristics of the pattern [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 2 Normal pattern in type 2a epithelium. (a) Floor of mouth appearance on NBI endoscopy. Thin dark green/brown parallel vessels
with small branches arising at an acute angle and representing the superficial mucosal capillaries are visible (thin arrow). The large light blue
vessels representing the submucosal veins are clearly visible (thick arrow). (b) Superficial mucosal capillaries and submucosal veins (in cyan)
are underlined. (c) Schematic representation of the main characteristics of the pattern [Colour figure can be viewed at wileyonlinelibrary.com]

representing the submucosal veins could be glimpsed (Figure 1).
In the anterior-lateral part of the hard palate and in the mucosa
of gingiva, the grade of keratinization is higher and consequently
only the superficial capillaries were visible and appeared as punc-
tuations along the palatine crests. The structure of the dorsal
surface of the tongue prevented visualization of the NBI pattern.

Normal 2a: The normal mucosa in subsites covered by type 2a ep-
ithelium (floor of mouth and ventral tongue) presented thin dark
green/brown parallel vessels with small branches arising at an
acute angle, which represented the superficial mucosal capillar-
ies. The large light blue vessels representing the submucosal veins
were clearly visible (Figure 2).

Normal 2b: The normal mucosa in subsites covered by type 2b epi-
thelium (retromolar trigone, labial and buccal mucosa) presented
regular and equidistant dark green/brown small punctuations or
short dashes if the vessels were visualized perpendicularly, or thin

parallel vessels if they were longitudinal to the mucosa. Some
large light blue vessels representing the submucosal veins could
be glimpsed (Figure 3).

Preneoplastic lesions presented mild alterations of the vascular
pattern (“dysplastic” pattern), which were similar in subsites 1 and
2a, but different in subsite 2b. The presence of leukoplakia or leuko-
erythroplakia within the lesion (20 cases) prevented visualization of
the vascular pattern; in these situations, the pattern could be identi-
fied in the surrounding mucosa where the white patch was thinner or
not present. None of the dysplastic lesions displayed a “neoplastic”
pattern, nor did any of the lesions with a dysplastic pattern present
carcinoma at histology.

Dysplastic 1-2a: The mucosa presenting different grades of
dysplasia (mild, moderate and severe) at histology appeared as a
well-demarcated brownish/purple area with thick dark spots. In the
brownish/purple area, the submucosal large light blue vessels were
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FIGURE 3 Normal patternin type 2b epithelium. (a) Inferior trigone appearance on NBI endoscopy. Superficial mucosal capillaries are
visible as regular and equidistant dark green/brown small punctuations or short dashes (circle) if the vessels are visualized perpendicularly,
or as thin parallel vessels (rectangle) if they are longitudinal to the mucosa. Some large light blue vessels representing the submucosal veins
can be glimpsed (arrow). (b) Superficial mucosal capillaries and submucosal veins (in cyan) are underlined. (c) Schematic representation of the
main characteristics of the pattern [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 Dysplastic patternin type 1 epithelium. (a) Appearance of a severe dysplasia of the hard palate on NBI endoscopy. A well-
demarcated brownish/purple area with thick dark spots is visible (circle); it is perpendicularly reached by dilated light blue vessels (arrows).
In the brownish/purple area, the submucosal large light blue vessels are no longer visible. (b) The well-demarcated brownish/purple area
perpendicularly reached by dilated light blue vessels (in cyan) is underlined. (c) Schematic representation of the main characteristics of the

pattern [Colour figure can be viewed at wileyonlinelibrary.com]

no longer visible. This well-demarcated area was perpendicularly
reached by dilated light blue vessels in both type 1 and 2a epithelia
(Figures 4 and 5).

Dysplastic 2b: The mucosa presenting different grades of dys-
plasia (mild, moderate or severe) at histology in type 2b epithelium
appeared as a honeycomb mesh made up of multiple polygonal
areas representing the dilated superficial vessels. The dysplastic
area was less defined because the brownish/purple area was not
visible. The submucosal large light blue vessels were no longer vis-
ible in the dysplastic area but could sometimes be glimpsed in the
surrounding areas (Figure 6).

All cancerous lesions presented the same destruction of the vas-
cular pattern irrespective of the lesion subsite. The only difference
was related to the macroscopic appearance of the lesion, described
in detail as follows:

Neoplastic: In the case of ulcerated lesions (#37), the presence of
a necrotic core prevented visualization of the vasculature although
this was visible at the tumour boundaries as dark green spots, dilated
winding vessels or as a bobby pin (Figure 7); in the case of vegetating

(#20) or flat (#17) lesions, the same vascular appearance could be
seen over the whole cancer surface (Figure 8). These unstructured

vessels represented the remnants of IPCL.

4 | DISCUSSION

Traditionally, ENT doctors have used clinical examination with white
light endoscopy to identify oral and oropharyngeal squamous cell
carcinoma (Davies et al., 2015), but premalignant lesions (dyspla-
sia) are often overlooked with this procedure. Optical technologies,
using different wavelengths of light to examine suspicious tissue,
provide a noninvasive method to guarantee an early diagnosis.
Among them, narrowband imaging (NBI), first introduced in gastro-
intestinal endoscopy (Vu & Farah, 2014), has rapidly extended its
field of application to otolaryngology.

Many studies have demonstrated the effectiveness of NBI in the
detection of upper aerodigestive tract cancers. However, as under-
lined in arecent review (Cosway et al., 2016), adequate classifications
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FIGURE 5 Dysplastic pattern in type 2a epithelium. (a) Appearance of a severe dysplasia of the floor of mouth on NBI endoscopy. A well-
demarcated brownish/purple area with thick dark spots is visible (circle); it is perpendicularly reached by dilated light blue vessels (arrows).
In the brownish/purple area, the submucosal large light blue vessels are no longer visible. (b) The well-demarcated brownish/purple area
perpendicularly reached by dilated light blue vessels (in cyan) is underlined. (c) Schematic representation of the main characteristics of the
pattern [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 6 Dysplastic pattern in type 2b epithelium. (a) Appearance of a severe dysplasia of an inferior trigone on NBI endoscopy. The
image resembles a honeycomb mesh made up of multiple polygonal areas representing the dilated superficial vessels (circle). The dysplastic
area is less well defined because the brownish/purple area is not visible. If leukoplakia is present in the context of the lesion, the vascular
pattern is not visible beneath it (rectangle). The submucosal large light blue vessels are no longer visible in the dysplastic area but can
sometimes be glimpsed in the surrounding areas (arrow). (b) The image resembles a mesh, leukoplakia and the submucosal vessels (in cyan)
are underlined. (c) Schematic representation of the main characteristics of the pattern [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 7 Neoplastic pattern in an ulcerated cancerous lesion. (a) Ulcerated cancer of the hard palate on NBI endoscopy. The presence
of necrosis in the centre of the lesion prevents visualization of the vasculature (circle) which is, however, appreciable at the tumour limits
as dark green spots (rectangle), dilated winding vessels or as bobby pin (arrow), representing IPCL remnants. (b) Dark green spots, dilated
winding vessels or bobby pin are underlined. (c) Schematic representation of the main characteristics of the pattern [Colour figure can be
viewed at wileyonlinelibrary.com]
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FIGURE 8 Neoplastic pattern in a vegetating cancerous lesion. (a) Vegetating cancer of the floor of mouth on NBI. Unstructured vessels
representing the remnants of IPCL and appearing as dark green spots, dilated winding vessels or as bobby pin (arrow) are visible over the
whole cancer surface. (b) Dark green spots, dilated winding vessels or bobby pin are underlined. (c) Schematic representation of the main
characteristics of the pattern [Colour figure can be viewed at wileyonlinelibrary.com]

of neoplastic and non-neoplastic lesions on NBI have been lacking.
The presence of a well-defined brownish area with scattered brown
spots (Muto et al., 2004; Piazza, Cocco, De Benedetto, Del Bon, et
al., 2010) was the first finding to be considered positive on NBI, but
it was strictly dependent on subjective interpretation and the ex-
aminer’s experience. The introduction of specific vascular pattern
classes (Arens et al., 2016; Fuijii et al., 2010; Ni et al., 2011; Takano et
al., 2010; Wen et al., 2012) allowed different examiners to adhere to
a reference classification and avoid ambiguities. The previous clas-
sifications were widely accepted because they were shown to have
good concordance with histology (Sifrer et al., 2018).

Unlike the mucosa of the other upper aerodigestive tracts, the
oral mucosa is unique in that different subsites have specific struc-
ture according to function (Nanci, 2013). A previous study describing
NBI vascular patterns in the oral cavity (Takano et al., 2010) differ-
entiated the patterns on the basis of histology alone. Conversely,
we believe that a complete description of both normal and altered
vascular patterns on NBI must also take into account the different
epithelial structure.

Oral mucosa is formed by two different components: a covering
epithelium and underlying connective tissue called the lamina pro-
pria. There are connectival papillae, interdigitating with epithelial
ridges, lying between them. This structure guarantees the best met-
abolic exchange between connectival blood vessels (intrapapillary
capillary loops [IPCL]) and the overlying avascular epithelium. IPCLs
are more represented in the upper part of the lamina propria, called
the superficial papillary layer (Nanci, 2013). It is these IPCLs that are
identified by NBI, which therefore empowers clinicians to reach an
early diagnosis of mucosal lesions. Indeed, as underlined in a sys-
tematic review, there is a direct relation between the IPCL pattern
visualized with NBI and histology: as the IPCL pattern changes from
I to IV, histological severity increases. In detail, the upward extension
of IPCL proceeds in accordance with the degree of dysplasia (Vu &
Farah, 2014).

As previously stated, the mucosa of each oral subsite is different
because of its anatomical and functional characteristics. Lin et al.
(2012) hypothesized that NBI differed in its ability to identify IPCL
according to epithelial structure, but Piazza et al. (2016) recently

denied this view. They underlined the difference between the ep-
ithelial thickness (i.e., from the epithelial surface to the basal mem-
brane) and the depth of penetration needed to assess IPCL patterns
(i.e., from the mucosal surface to the papillary apex). Because the
length of the papillae increases according to epithelial thickness,
the distance between the mucosal surface and the papillary apex
always remains within the limit of NBI wavelength penetration: con-
sequently, NBI can highlight IPCL in all types of epithelium.

In our experience, we were able to identify IPCL in all three
types of oral epithelium, both in normal and in dysplastic or neoplas-
tic histology, which confirms that NBI performance is not limited by
epithelial structure. Moreover, Piazza et al. (2016) underlined how
tumour-induced neoangiogenesis produces elongation of IPCLs and
formation of intraepithelial vessels that are not present in normal
mucosa. This may account for our finding that IPCLs in the hard
palate were less visible in normal mucosa because of its thickness
and keratinization, but they became much more evident in dysplas-
tic lesions where they appeared as thick dark spots perpendicularly
reached by dilated light blue vessels, because of the development of
new IPCLs in the superficial mucosal layer.

We found the influence of epithelial structure on NBI visualiza-
tion of IPCL to be especially evident in normal mucosa. In fact, the
vascular network, both superficial and deep, was readily visible in
thin type 2a epithelium, while its identification was more difficult in
subsites with thicker type 1 and 2b epithelium. Although these dif-
ferences may appear barely appreciable to an untrained eye, in our
opinion it is fundamental to learn to recognize them because they
allow one to understand the modifications occurring during carcino-
genesis. For example, if submucosal veins, which are normally well
defined in type 2a epithelium, start to disappear and thick dark spots
appear in a well-defined area, this may alert the clinician to the pres-
ence of histological alterations.

The difference according to subsite became less evident in
the case of histological alterations because during carcinogenesis
IPCLs undergo many changes in number and calibre and upward
shifting irrespective of the specific epithelial structure (Kumagai
et al., 2002). The dilatation and elongation of IPCLs during trans-

formation from normal epithelium to cancer was visualized in our
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experience as thick dark dots in a brown/purple well-defined area
(dysplastic 1 and 2a) or as a mesh-like image (dysplastic 2b). The
presence of a mucosa firmly attached to the underlying structures
in subsites with type 2b epithelium, or the different orientation of
IPCLs, perpendicular or longitudinal to the mucosa, could explain
the different vascular patterns observed in the case of dysplasia in
our series. The same histological alteration (dysplasia) was in fact
more evident in subsites with type 1 and 2a epithelia and less in the
thicker type 2b epithelium. A clinician should take this finding into
account because it is possible that vascular alterations in type 2b
epithelium become visible later than in the other subsites. Kumagai
et al. (2002) stated that during the mucosal transformation the ar-
borescent vascular network becomes less transparent than normal
mucosa; this was confirmed in our experience by the fact that sub-
mucosal veins, which appeared as large light blue vessels (more or
less visible according to epithelial thickness), were no longer visible
in the case of dysplasia in all three types of epithelium.

We did not find differences in the vascular pattern according to
grade of dysplasia (mild, moderate, severe) in any of the three types
of epithelium. The different grades of dysplasia (Gale et al., 2005) are
classified based on the level of the epithelium in which architectural
disruption can be found at microscopic evaluation and therefore can-
not be appreciated on superficial inspection of the mucosa with NBI,
justifying our observations. Moreover, it should be emphasized that
NBI cannot replace histological assessment, but can only indicate
which lesions should be biopsied and which can be followed up, reduc-
ing the number of unnecessary biopsies. The present study does not
intend to provide arigid classification correlating vascular changes and
histology, especially in the case of the different grades of dysplasia.

As described by Kumagai et al. (2002), IPCLs and the pre-existing
vasculature are lost in invasive cancers and replaced by a tumour
neovasculature, which is leaky and has an irregularly shaped fragile
structure. Our series confirmed this observation and verified the in-
fluence of the macroscopic tumour appearance. In invasive cancers
appearing as ulcerating lesions with a necrotic core, the vascular net-
works were no longer visible, although the IPCL remnants appeared
as short winding dark green lines along the tumour limits. In the case
of flat or vegetating lesions, these destroyed IPCLs were visible over
the whole tumour surface.

We found two situations preventing the evaluation of vascular-
ization on NBI: the presence of necrotic tissue and the presence of
thick white patches. These observations had already been reported
by previous studies (Ni & Wang, 2016; Yang et al., 2013).

In the case of necrosis, the vessels are completely destroyed and
the vascular pattern is no longer visible. We think this problem is
of secondary importance because ulcerated lesions with a necrotic
core are readily identifiable as neoplastic even on conventional oral
examination; however, in case of doubt, the presence of dark green
spots, dilated winding vessels or bobby pin at the tumour boundaries
on NBI can guide the diagnosis.

The strength of NBI lies in its ability to allow an early diagnosis of
lesions that are not otherwise visible. The majority of cases of leuko-
plakia do not progress to cancer and may regress (Gale et al., 2005);

on the other hand, the presence of dysplasia in oral leukoplakia is
associated with a high risk of progression to cancer (Yang et al., 2013).
As a consequence, it is very important to distinguish between the
lesions to be biopsied and the ones to be followed up. Conventional
oral examination could be limited in this respect because sometimes
oral dysplasia might not display specific characteristics. Conversely,
the clinician may find NBI to be helpful: although NBI is unable to
assess the vascular pattern under a thick white patch because of the
“umbrella effect” (Arens, Betz, Kraft, & Voigt-Zimmermann, 2017),
evaluation of surrounding areas or where the patch is thinner could
be suggestive of the mucosal histology under the leukoplakia (Takano
et al., 2010; Yang et al., 2012). In our experience, 20 lesions appeared
as leukoplakia or leukoerythroplakia on conventional oral examina-
tion; NBI analysis of the surrounding mucosa allowed us to identify
a dysplastic pattern and prompted a biopsy which found 4 mild, 8
moderate and 8 severe dysplasia, consistent with previous reports.

Although a trained eye should be able to discern typical postra-
diotherapy vascular changes (Piazza, Cocco, Benedetto, Bon, et
al., 2010) after a learning curve of at least 6 months (Tirelli et al.,
2017), in the present study we decided to exclude patients previ-
ously treated with radiotherapy so as to avoid bias. Future studies
specifically focused on these patients are necessary to understand
whether the vascular changes related to previous radiotherapy ap-
pear different according to the oral subsite and whether they show
different patterns when dysplasia and cancer develop. Other areas
of future research include the analysis of vascular patterns in the
case of trauma and inflammation in the different oral subsites, and
the description of NBI vascular patterns also in the oropharynx to
assess the effect of lymphoid tissue.

In conclusion, the identification of altered vascular patterns as-
sumes knowledge of what can be considered “normal”, especially be-
cause the presence of different types of epithelium in oral subsites
can further complicate the interpretation of the vascular pattern.
The present study aimed to investigate the NBI appearance of mi-
crovascular characteristics according to the different oral subsites
and histologies.

Any classification should have clinical relevance. We believe our
classification fulfils this requirement in that it can simplify the dif-
ferentiation between normal epithelium and malignant (dysplastic
and cancerous) lesions and help identify the lesions to be biopsied.
Although histological examination after formalin embedding clearly
remains the gold standard to define the nature of the lesion, we be-
lieve NBI could help both to reduce unnecessary biopsies and ensure
that potentially dangerous lesions are not overlooked. Future pro-
spective studies are required to validate the proposed classification
and confirm the close correlation between NBI appearance and his-
tology in the different oral subsites.

We hope the classification presented with photographs and
drawings can serve as a guide for clinicians approaching NBI tech-
nology and reduce interobserver variability in image interpretation.
It is clearly not meant to replace constant training, which is a prereq-
uisite for acquiring confidence with NBI, but could represent a help
in overcoming the steep learning curve.
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