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Abstract

Purpose Flexible transnasal endoscopy is a common examination technique for the evaluation of laryngeal lesions, while
the use of narrow band imaging (NBI) has been reported to enhance the diagnostic value of white light endoscopy (WLE).
The purpose of this study is to assess observer variability and diagnostic value of both modalities and investigate the possible
influence of previous laryngeal surgery on the detection rates of laryngeal malignancy.

Methods The study was based on the retrospective evaluation of 170 WLE and NBI images of laryngeal lesions by three
observers in a random order. The histopathological diagnoses serve as the gold standard.

Results In identifying laryngeal malignancy, the sensitivity of NBI proved to be higher than that of WLE (93.3% vs. 77.0%).
NBI was also superior to WLE in terms of accuracy (96.3% vs. 92%) and diagnostic odds ratio (501.83 vs. 120.65). Both
modalities had a specificity of 97.3%. The inter-observer agreement was substantial (kappa=0.661) for WLE and almost
perfect (kappa=0.849) for NBI. Both WLE and NBI showed a high level of intra-observer agreement. The sensitivity was
significantly lower in images with history of previous laryngeal surgery compared to those without.

Conclusions Flexible transnasal endoscopy has been proved to be a valuable tool in the diagnosis of laryngeal malignancy.
The use of NBI can increase the sensitivity and observer reliability in that context and can also provide a diagnostic gain in

cases with previous laryngeal surgery
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Introduction

The endoscopic diagnosis of laryngeal lesions has substan-
tially evolved in recent years due to various technological
developments, such as improvements in image resolution
and the introduction of optical image-enhancement modali-
ties. The use of flexible transnasal endoscopy can provide
important clinical benefits in that context as it is timesav-
ing, well tolerated by patients, requires no general anesthe-
sia, and allows close examination of the laryngeal mucosa
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and surrounding areas. A clear clinical distinction between
benign and malignant lesions during examination is of cru-
cial importance, as the latter require prompt histopathologi-
cal verification and therapy.

Narrow Band Imaging (NBI) is an optical modality based
on the use of narrow band optical filters (wavelengths with
peaks at 415 nm and 540 nm) corresponding to the absorp-
tion peaks of haemoglobin. Consequently, it allows better
visualization of mucosal and submucosal vessels and clearer
demarcation of mucosal abnormalities compared to standard
white light endoscopy (WLE) without the use of dyes, as in
optical chromoendoscopy [1-3]. NBI can be incorporated
into rigid and flexible endoscopes, with switching between
WLE and NBI modes enabled by the press of a button. Since
its introduction to otorhinolaryngology by Muto in [4-6],
NBI has continuously provided promising results in various
clinical fields, including the diagnosis of laryngeal lesions.

Although some studies support using NBI in the con-
text of early diagnosis of laryngeal cancer, only a few have
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exclusively evaluated laryngeal lesions, and the published
data concerning observer variability and further influencing
factors, such as the presence of previous laryngeal surgery, is
scarce [7, 8]. Furthermore, since most studies use different
inclusion and exclusion criteria, only partial comparisons
are possible [9]. Besides that, as the endoscopic assessment
can vary according to clinical experience, multiple observer
studies are needed to confirm the possible diagnostic advan-
tages of NBL

The purpose of this study is to assess the inter- and intra-
observer variability and diagnostic value of WLE and NBI in
the differentiation between benign and (pre)malignant laryn-
geal lesions in flexible transnasal endoscopic examination.
A further aim is to investigate if previous laryngeal surgery
can influence the diagnostic value of WLE and NBI.

Materials and methods

This study is based on clinical, histopathological and endo-
scopic data routinely collected in the Department of Oto-
rhinolaryngology, Head and Neck Surgery of Magdeburg
University Hospital, a tertiary referral hospital. The study
protocol met the criteria of the Declaration of Helsinki in its
latest version and was reviewed and approved by the local
ethics committee (Report No. 108/14). Informed written
consent was obtained before inclusion.

The examined population included all patients who
underwent microlaryngoscopy with biopsy of a laryngeal
lesion (either glottic, subglottic or supraglottic) in a 3
years period (01/2012—12/2015). The endoscopic images
in WLE and NBI were routinely documented in the preop-
erative workup during flexible transnasal endoscopy after
applying xylometazoline spray 4% for topical anesthe-
sia. The equipment included an Evis Exera Videosystem

Fig. 1 Papillomatosis of the anterior commissure a in white light
endoscopy, b in narrow band imaging: homogenous multifocal vol-
ume increase with clear margins, perpendicular vascular changes
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(Olympus Medical Systems, Hamburg, Germany) and a
high-resolution videorhinolaryngoscope with a 3.6 mm
diameter insertion tube. The xenon light source had an
integrated NBI-filter, allowing instantaneous switching
from WLE to NBI without changing the endoscope. The
histopathological reports, endoscopic images and further
patient data were retrospectively acquired from the elec-
tronic patient records.

The inclusion criteria encompassed: availability of an
image of the respective laryngeal lesion in good quality both
in WLE and in NBI mode (Figs. 1, 2) and the availability of
a histopathological report with a definitive diagnosis clas-
sified following the recommendations of the World Health
Organization [10]. The data collected included patient
demographics (age at diagnosis and sex), the localization
of the laryngeal pathology, previous laryngeal surgery and
the histopathological diagnosis. Incomplete patient records,
insufficient image quality and/or the absence of a written
consent led to exclusion from the study.

All images collected were evaluated in a random order
by three observers: board-certified otorhinolaryngologists
who were blinded to the histological diagnosis. The observ-
ers had 10-12 years of work experience in a tertiary referral
hospital. They received training prior to image evaluation,
encompassing the principles of NBI endoscopy, endoscopic
appearances of healthy and pathological laryngeal tissue
with NBI, and relevant image examples complete with the
endoscopic criteria of malignancy, as described in the lit-
erature. The main criteria of laryngeal malignancy were:
demarcated brown areas with irregular brown spots scat-
tered in the lesion [11, 12]; exophytic or ulcerative areas
and irregular brownish spots or loops depicting perpendicu-
lar vascular changes [13]; and irregular non-homogenous
leukoplakias with no clear margins and/or irregular volume
increase of the vocal fold (Fig. 2) [14].

"'.‘

inside the lesions with a central capillary loop in every morula-like
bulge, several afferent hypertrophic vessels with branching
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Fig.2 Invasive carcinoma of the anterior commissure a in white light
endoscopy, b in narrow band imaging: irregular, non-homogenous
leukoplakias with no clear margins, widely-spread perpendicular

The observers were required to evaluate the macroscopic
characteristics of the lesion in every image and make a
clinical diagnosis. Thirty-one images were selected pseudo-
randomly, controlling for the distribution of malignant and
benign diagnoses and presented for a second reading after
an interval of 3—4 weeks to control for intraobserver agree-
ment. All clinical diagnoses made by the observers and all
histopathological diagnoses where summarized separately
in two categories, malignant and non-malignant, to perform
statistical analyses. For the purpose of this study, invasive
carcinomas, carcinomata in situ and severe dysplasias were
considered malignant, while moderate or mild dysplasias,
chronic inflammation, simple hyperplasias and all histologi-
cally benign lesions were considered non-malignant.

The sensitivity, specificity and accuracy of WLE and NBI
in the detection of malignant lesions were calculated for each
observer and as mean values. The histopathological diag-
noses served as the gold standard for all statistical analyses.
For comparisons between WLE and NBI, rates of correct
classification were computed for each image as an average
over the three observers for each modality and then com-
pared between the modalities with the Wilcoxon signed rank
test. Confidence intervals were determined with the normal
approximation for mean values. The diagnostic odds ratio
(DOR) was extracted for WLE and NBI as a single indicator
for each test’s performance [15] separately for each observer
and also as a mean value.

The inter-observer agreement for each optical modality
(WLE and NBI) was calculated using Fleiss’ kappa for use
with multiple observers while the intra-observer agreement
was calculated using Cohen’s kappa [16, 17]. The kappa
values were interpreted using Table 1, as proposed in the
literature [18]. For comparisons of intra- and inter-observer
agreement between WLE and NBI, the rate of accordance

vascular changes with irregular distribution in and around the demar-
cated area, several afferent hypertrophic vessels with change of direc-
tion and branching

Table 1 Interpretation of kappa values according to [18]

Kappa Strength of agreement
<0.00 Poor

0.00-0.20 Slight

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Substancial

0.81-1.00 Almost perfect

between the first and second read of an image over the three
observers and the standard error between the three observers
were computed and then compared again between WLE and
NBI with the Wilcoxon signed rank test.

The mean sensitivity and specificity in WLE and NBI
were further computed for subgroups of images with and
without a previous laryngeal operation. These values were
compared with the Mann—Whitney U test using the same
rates per image and modality as described above. The distri-
bution of malignant and benign diagnoses in both subgroups
were compared with Pearson’s Chi-square test.

The statistical calculations used in this study were per-
formed with IBM SPSS Statistics software package (version
24). The significance level was defined as p <0.05.

Results

After considering respective inclusion and exclusion criteria,
170 images with laryngeal lesions from 163 patients, were
included in this study. The mean patient age at diagnosis
was 56.5 years (Range 21-86 years). 75 images (44.1%)
belonged to female and 95 (55.9%) to male patients.
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According to the histopathology reports, 45 lesions
(26.5%) were considered malignant (invasive carcinoma,
carcinoma in situ and severe dysplasia) and 125 (73.5%)
nonmalignant (all other diagnoses). The detailed distribu-
tion of the histopathological diagnoses and patient sex can
be seen in Table 2.

The localization of the laryngeal lesion was the true vocal
fold in most cases (151 lesions, 88.8%), followed by the
false vocal fold (13 lesions, 7.6%), the arytenoid region (2
lesions, 1.2%), the laryngeal epiglottis (2 lesions, 1.2%), the
aryepiglottic fold (1 lesion, 0.6%) and the subglottic region
(1 lesion, 0.6%).

Previous laryngeal surgery was documented in 32
(18.9%) out of 170 lesions. The remaining 138 images
(81.1%) belonged to patients with no documented previous
laryngeal surgery. No further data about these operations
was available. The distribution of histopathological diagno-
ses in these 32 images is presented in Table 2.

Table 2 Distribution of histopathological diagnoses according to the
status of previous laryngeal surgery (n=170)

Diagnosis Previous laryngeal surgery Total
Yes No

Invasive carcinoma 8 32 40 (23.5%)
Carcinoma in situ 2 0 2 (1.2%)
Severe dysplasia 2 1 3(1.8%)
Moderate dysplasia 3 3 6 (3.5%)
Mild dysplasia 2 5 7 (4.1%)
Lipoma 0 1 1 (0.6%)
Papilloma 10 1 11 (6.5%)
Granuloma 0 6 6 (3.5%)
Hemangioma 0 3 3(1.8%)
Polyp 0 18 18 (10.6%)
Cyst 0 16 16 (9.4%)
REINKE’s edema 0 28 28 (16.5%)
Hyper-/parakeratosis 2 13 15 (8.8%)
Chronic inflammation 3 11 14 (8.2%)
Total lesions 32 (189%) 138 (81.1%) 170 (100%)

Table 3 Sensitivity, specificity, accuracy and DOR for the diagnosis o

Sensitivity, specificity, accuracy and DOR

An overview of the sensitivity, specificity, accuracy and
DOR in diagnosing malignancy with flexible transnasal
endoscopy in WLE and NBI can be seen in Table 3. The
results show a moderate variation among the different
observers. The sensitivity of NBI as an optical modality
proved to be significantly higher (p < 0.05, 93.3%) than that
of WLE (77.0%). The accuracy of NBI (96.3%) was also sig-
nificantly higher (»p =0.001) than that of white light (92%).
Both modalities had a specificity of 97.3%. The diagnostic
odds ratio of NBI (501.83) was also higher than that of WLE
(120.65).

Inter- and intra-observer agreement

The inter-observer agreement as depicted in the Fleiss’
kappa value was substantial (kappa=0.661) for WLE and
almost perfect (kappa=0.849) for NBI. The agreement was
significantly higher in the evaluation with NBI compared to
WLE (p=0.008).

The kappa values for the intra-observer agreement for
WLE and NBI are presented in Table 4. The intra-observer
agreement in WLE was almost perfect for two of the observ-
ers and substantial for the third one and almost perfect for all
three observers in NBI. The kappa values in the evaluation
with NBI were higher over all three observers compared to
WLE, though not significantly so (p=0.531).

Previous laryngeal surgery and differences
in sensitivity/specificity

The sensitivity and specificity of the subgroups divided
based on the history of previous laryngeal surgery are pre-
sented in Table 5. In the subgroup with no history of laryn-
geal surgery, the sensitivity was significantly higher both
in WLE (p=0.042) and NBI (p =0.006) compared to the
sensitivity in the subgroup with previous surgery. The speci-
ficity showed no significant differences.

f malignancy with WLE and NBI

White light endoscopy

Narrow band imaging

Obs.1 Obs.2 Obs.3 Mean (95%-CI)

Sensitivity 84.4% 88.9% 57.8% 77.0% (68.8-85.3)
Specificity 96.8% 98.4% 84.4% 97.3% (95.6-99.1)
Accuracy 93.5% 95.9% 86.5% 92.0% (89.1-94.8)
DOR 164.2 492.0 41.4 120.7

Obs.1 Obs.2 Obs.3 Mean (95%-CI) Significance level®
97.8% 97.8% 96.8% 93.3% (87.8-98.8) p<0.001

100% 99.2% 92.8% 97.3% (95.6-99.1) p=1.000

99.4% 98.8% 90.5% 96.3% (94.3-98.2) p=0.001

2600.0  5456.0  70.0 501.8 n.a

DOR diagnostic odds ratio, n.a. not applicable, CI confidence interval

“The significance level refers to the mean values
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Table 4 Intraobserver

NBI

Standard error Cohen’s kappa Standard error

. . WLE
agreement for the diagnosis of
malignancy with WLE and NBI Cohen’s kappa
Observer 1 0.924
Observer 2 0.844
Observer 3 0.739

0.074 1.000 0.000
0.105 1.000 0.000
0.141 0.864 0.093

Significance level: p=0.531 for WLE vs. NBI over all three observers

Table 5 Comparison of
sensitivity and specificity of
subgroups based on the history

With previous laryngeal
surgery (n=32) (%)

Without previous laryngeal
surgery (n=138) (%)

Significance level

of previous laryngeal surgery White light endoscopy

Sensitivity 63.9
Specificity 95.0
Narrow band imaging
Sensitivity 86.1
Specificity 96.7

81.8 p=0.042
97.8 p=0.149
96.0 p=0.006
97.5 p=0.609

Comparing WLE with NBI, in the subgroup without a
history of laryngeal surgery the sensitivity was significantly
higher in NBI (p <0.001). Meanwhile in the subgroup with
previous surgery, the sensitivity was higher in NBI, trending
towards significance (p =0.094). The specificities showed no
significant differences (p =1.000).

The proportion of malignant lesions was slightly larger
in the subgroup with previous surgery (37.5% compared to
23.9% in the subgroup without, but this difference was not
statistically significant (p =0.125 in Pearson’s Chi-square
test).

Discussion

Laryngeal cancer belongs to the most common head and
neck cancer entities with a prognosis dependent on the clini-
cal stage at the time of diagnosis [19]. More than 90% are
histologically squamous cell carcinomas [20]. The prognosis
remains poor for more advanced stages, and so early diag-
nosis was a greater focus in the last years [6, 21]. Computed
axial tomography (CAT) and magnetic resonance imaging
(MRI) are valuable tools in the diagnostic staging of laryn-
geal cancer, but they nevertheless mostly fail to detect early
stage cancer (Tis, T1 <10 mm) or laryngeal preneoplastic
lesions. Laryngeal white light endoscopy (WLE), with flex-
ible or rigid endoscopes, followed by microlaryngoscopy
(MLS) for histopathologic assessment is widely accepted as
the standard diagnostic modality for benign and malignant
laryngeal lesions [20, 22]. Despite technological develop-
ments in the field, endoscopic diagnosis of preneoplastic
lesions and early carcinoma is still challenging, such as
when vocal fold leukoplakia is present [23-25].

NBI is a horizontal image-enhancement technique which
can provide examiners with more information about the epi-
thelial and vascular changes of laryngeal lesions and sur-
rounding mucosa [2]. The evaluation of vascular changes
in in the context of early diagnosis of cancer of a profound
role, since the formation of new vessels (neoangiogenesis)
is known to be an important hallmark in tumor develop-
ment [26, 27]. As shown before, the morphology of these
vascular alterations can be indicative of the histology of the
respective lesion [13, 28-31]. To use the clinical information
provided by NBI optimally in the context of laryngology,
the evaluation of a triplet, consisting of epithelial changes,
vascular changes, and a possible volume change of the vocal
fold has recently been proposed [14].

Several publications in various clinical settings proliferate
the use of NBI in laryngology. It has been reported that NBI
can ease the endoscopic diagnosis of laryngeal papillomato-
sis and other benign lesions [32—34]. There is also evidence
that the addition of NBI to WLE can lead to better identifi-
cation of laryngeal cancer [12, 28] and its recurrences [35].
Assessing vocal fold leukoplakia, the NBI vessel pattern
has been strongly correlated to the final histology [25, 36].
Similarly, other studies show a diagnostic benefit for NBI
in the differentiation between laryngeal cancer and other
lesions, but do not exclusively include laryngeal lesions [37].
In the context of screening, De Vito et al. designed a pro-
spective study for the diagnosis of laryngeal carcinoma in a
risk group of patients with dysphonia and/or reflux symp-
toms and long-term exposure to tobacco and/or alcohol.
Using NBI, malignant and premalignant laryngeal lesions
were diagnosed with a sensitivity of 97% and a specificity
of 92.5% [38]. Nevertheless, as most studies use different
inclusion and exclusion criteria, only partial comparisons are
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possible [9] and there is a dearth of evidence from multiple-
observer studies [8, 39].

Our study design allows for the inclusion of a wide range
of benign, malignant and dysplastic lesions combined with
a multiple-observer assessment of images with known his-
tological diagnosis. The sensitivity of NBI was 93.3% in our
data; i.e. similar to the pooled sensitivity of 94% published
in the meta-analysis of Sun et al., while the specificity of
97.3% versus a pooled specificity of 89% was much higher
in our data [7]. The increase in sensitivity in NBI compared
to WLE, with no statistically significant differences in speci-
ficity, has also been described by other authors [12, 28]. On
the contrary, Shoffel-Havakuk et al. reported a decrease of
specificity with NBI (61.19% versus 76,1%) [40]. A low
specificity has been attributed in some cases to over-diagno-
sis with NBI because there is a lack of experience with the
modality [9, 12]. This could not be observed in our results.

Concerning observer reliability, Zwakenberg et al. found
an increase of intra- and inter-observer agreement in less-
and more-experienced observers when combining NBI
with WLE [8]. The images were taken intraoperatively and
classified from the observers in two categories: benign or
malignant. Nogués-Sabaté et al. presented similar results
for images obtained with a flexible endoscope, while the
observers classified the lesions in three categories: benign,
dysplastic or malignant [39]. In both publications, the study
population included lesions other than laryngeal, such as
oropharyngeal and hypopharyngeal lesions. The parameters
of sensitivity, specificity or accuracy of each modality were
also not assessed [8, 39].

According to our data, the inter-observer agreement
increased from substantial (kappa=0.661) in WLE to almost
perfect (kappa=0.849) in NBI. Although these data indicate
high observer reliability for both WLE and NBI, it should
be noted that the agreement between observers is not to be
confused with the diagnostic value of each modality. Never-
theless, NBI leads to an increase in the agreement of clinical
judgements between observers, as shown in previous studies
in laryngology [8, 39]. The intra-observer agreement was
almost perfect for two of our observers, both in WLE and
NBI. For the third observer, the intra-observer agreement
was substantial for WLE and almost perfect for NBI. Pos-
sible reasons for the higher kappa values in comparison to
previous publications could be that our study population
was more homogenous, exclusively consisting of laryngeal
lesions and the involvement of only experienced observers.
The variance of histological diagnoses in different studies
could also influence the levels of agreement. Contrary to
previous publications, a different strategy was used in our
study concerning the calculation of intra-observer agree-
ment. As due to time considerations only a portion of the
images was presented for a second read, comparability to
other studies is limited.
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Previous laryngeal surgery could negatively affect the
endoscopic diagnosis of laryngeal dysplasia and cancer, as
they can lead to structural changes in the laryngeal tissue and
to the development of scars [22, 41]. The loss of elastic fib-
ers and the development of scar tissue can lead to limitations
in the accuracy of the clinical assessment, as previously
reported for the autofluorescence endoscopy [22]. This has
a profound clinical relevance, for example in the posttreat-
ment follow-up and the detection of recurrence. On the other
hand, NBI has been reported to be superior to autofluores-
cence in that respect [42]. We believe this is the first study to
compare the sensitivity and specificity of diagnosis in rela-
tion to the history of previous laryngeal surgery. Our data
showed a significant difference in the sensitivity (63.9% vs.
81.9% for WLE, 86.1% vs. 97.0% for NBI) but no significant
differences in specificity, strengthening the hypothesis that
previous laryngeal surgery can make the endoscopic diag-
nosis of laryngeal malignancy more difficult. Comparing
the distribution of diagnoses in both subgroups, we found
that the proportion of malignant lesions was slightly larger
in the subgroup with previous surgery (37.5% compared to
23.9% in the subgroup without), but this difference was not
statistically significant. Furthermore, we observed a higher
sensitivity of NBI compared to WLE in both subgroups. As
these results are partly based on small subgroups of images,
further investigation should be performed to validate them.

The combination of data on the diagnostic value of the
endoscopic assessment (sensitivity, specificity, accuracy,
diagnostic odds ratio) with data on the reliability of the
assessment (inter- and intra-observer agreement) is the main
strength of this study. Furthermore, the inclusion of benign,
premalignant and malignant lesions provided a realistic con-
text close to the everyday practice of otorhinolaryngologists.
In this way, a selection bias could be eliminated and we
could calculate the specificity of both modalities. WLE and
NBI images could be independently evaluated, in contrast
to a concurrent use of WLE, which is a common bias in
other studies [9]. Limitations of this study include the use
of still images for the evaluation of laryngeal lesions, and
retrospective design.

In everyday practice, assessment of morphology of
laryngeal lesions must be complemented with a functional
examination of the vocal folds e.g. using videostroboscopy
or high-speed glottography. NBI belongs to the group of
horizontal endoscopic techniques, allowing a superficial
evaluation of lesions, making it ideal for screening. Other
horizontal techniques include autofluorescence, hyperspec-
tral imaging, SPIES and i-SCAN [9, 43]. Additionally, verti-
cal diagnostic modalities such as optical coherence tomogra-
phy and endoscopic sonography supply valuable information
about the vertical extension of the lesion. For specific ques-
tions, cellular techniques such as contact endoscopy can
allow in vivo and in situ study of cellular characteristics
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[44]. In that context, combinations of different modalities
have been reported as promising and could be introduced in
clinical routine in the future [43, 45, 46].

The results of this study are consistent with literature and
demonstrate the benefits of flexible transnasal endoscopy in
the diagnosis of benign, premalignant and malignant laryn-
geal lesions, allowing the recommendation for widespread
use in everyday practice. Additionally, narrow band imaging
demonstrated superiority to white light endoscopy in the
detection of malignancy in terms of sensitivity, accuracy and
DOR, while maintaining a high specificity. The high levels
of intra- and inter-observer agreement exhibit the validity
of the above data. Flexible transnasal endoscopy, with or
without NBI is, therefore, a valuable tool with many clini-
cal applications such as in screening, laryngeal examina-
tion of dysphonia, differential diagnosis, and oncologic post
treatment follow-up. Although the histological examination
remains the gold standard for the evaluation of laryngeal
lesions, an adequate endoscopic examination can guide
patient selection and reduce unnecessary biopsies.

Acknowledgements The authors express their gratitude to the observ-
ers who participated in this study and to Andrew Curran for correcting
their manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This article does not contain any studies with animals
performed by any of the authors. All procedures performed involving
human participants were in accordance with the ethical standards of
the institutional research committee (report no. 108/14) and with the
1964 Helsinki declaration and its later amendments.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Gono K (2015) Narrow band imaging. technology basis and
research and development history. Clin Endosc 48(6):476—480.
https://doi.org/10.5946/ce.2015.48.6.476

2. Piazza C, Del Bon F, Peretti G, Nicolai P (2012) Narrow band
imaging in endoscopic evaluation of the larynx. Curr Opin
Otolaryngol Head Neck Surg 20(6):472-476. https://doi.
org/10.1097/MOO.0b013e32835908ac

3. Pliske G, Voigt-Zimmermann S, GlaBier S, Arens C (2016)
Objective quantification of the vocal fold vascular pattern:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

comparison of narrow band imaging and white light endoscopy.
Eur Arch Otorhinolaryngol 273(9):2599-2605

Muto M, Nakane M, Katada C, Sano Y, Ohtsu A, Esumi H,
Ebihara S, Yoshida S (2004) Squamous cell carcinoma in situ
at oropharyngeal and hypopharyngeal mucosal sites. Cancer
101:1375-1381

Piazza C, D Bon F, Peretti G, Nicolai P (2011) ‘Biologic endos-
copy’: optimization of upper aerodigestive tract cancer evalua-
tion. Curr Opin Otolaryngol Head Neck Surg 19(2):67-76. https
://doi.org/10.1097/MOO.0b013e328344b3ed

Arens C, Betz C, Kraft M, Voigt-Zimmermann S (2017) Nar-
row band imaging for early diagnosis of epithelial dysplasia
and microinvasive tumors in the upper aerodigestive tract. HNO
65(Suppl 1):5-12. https://doi.org/10.1007/s00106-016-0284-x
Sun C, Han X, Li X, Zhang Y, Du X (2017) Diagnostic perfor-
mance of narrow band imaging for laryngeal cancer: a system-
atic review and meta-analysis. Otolaryngol Head Neck Surg
156(4):589-597. https://doi.org/10.1177/0194599816685701
Zwakenberg MA, Dikkers FG, Wedman J, Halmos GB, van
der Laan BFAM, Plaat BEC (2016) Narrow band imaging
improves observer reliability in evaluation of upper aerodiges-
tive tract lesions. Laryngoscope 126(10):2276-2281. https://
doi.org/10.1002/1ary.26008

Mehlum CS, Rosenberg T, Dyrvig AK, Groentved AM, Kjaer-
gaard T, Godballe C (2018) Can the Ni classification of ves-
sels predict neoplasia? A systematic review and meta-analysis.
Laryngoscope 128(1):168-176

Barnes L, Eveson JW, Reichart PA, Sidransky D (2005) Pathol-
ogy and genetics of head and neck tumours. World Health
Organization classification of tumours. IARC Press, Lyon
Watanabe A, Taniguchi M, Tsujie H, Hosokawa M, Fujita M,
Sasaki S (2009) The value of narrow band imaging for early
detection of laryngeal cancer. Eur Arch Otorhinolaryngol
266(7):1017-1023

Kraft M, Fostiropoulos K, Gurtler N, Arnoux A, Davaris N,
Arens C (2016) Value of narrow band imaging in the early diag-
nosis of laryngeal cancer. Head neck 38(1):15-20. https://doi.
org/10.1002/hed.23838

Arens C, Piazza C, Andrea M, Dikkers FG, Tjon Pian Gi REA,
Voigt-Zimmermann S, Peretti G (2016) Proposal for a descrip-
tive guideline of vascular changes in lesions of the vocal folds
by the committee on endoscopic laryngeal imaging of the
European Laryngological Society. Eur Arch Otorhinolaryngol
273(5):1207-1214. https://doi.org/10.1007/s00405-015-3851-y
Davaris N, Voigt-Zimmermann S, Roessner A, Arens C
(2017) Narrow band imaging for the evaluation of laryngeal
mucosal lesions. HNO. German. https://doi.org/10.1007/s0010
6-017-0336-x

Glas AS, Lijmer JG, Prins MH, Bonsel GJ, Bossuyt PM (2003)
The diagnostic odds ratio: a single indicator of test perfor-
mance. J Clin Epidemiol 56(11):1129-1135

Cohen J (1960) A coefficient of agreement for nominal scales.
Educ Psychol Meas 20:37-60

Hallgren KA (2012) Computing inter-rater reliability for obser-
vational data. An overview and tutorial. Tutor Quant Methods
Psychol 8 (1), 23-34

Landis JR, Koch GG (1977) The measurement of observer agree-
ment for categorical data. Biometrics 33(1):159-174

Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coe-
bergh JWW, Comber H, Forman D, Bray F (2013) Cancer inci-
dence and mortality patterns in Europe. Estimates for 40 countries
in 2012. Eur J Cancer 49(6):1374—-1403. https://doi.org/10.1016/j.
ejca.2012.12.027

Schultz P (2011) Vocal fold cancer. Eur Ann Otorhinolaryngol
Head Neck Dis 128(6):301-308

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5946/ce.2015.48.6.476
https://doi.org/10.1097/MOO.0b013e32835908ac
https://doi.org/10.1097/MOO.0b013e32835908ac
https://doi.org/10.1097/MOO.0b013e328344b3ed
https://doi.org/10.1097/MOO.0b013e328344b3ed
https://doi.org/10.1007/s00106-016-0284-x
https://doi.org/10.1177/0194599816685701
https://doi.org/10.1002/lary.26008
https://doi.org/10.1002/lary.26008
https://doi.org/10.1002/hed.23838
https://doi.org/10.1002/hed.23838
https://doi.org/10.1007/s00405-015-3851-y
https://doi.org/10.1007/s00106-017-0336-x
https://doi.org/10.1007/s00106-017-0336-x
https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1016/j.ejca.2012.12.027

466

European Archives of Oto-Rhino-Laryngology (2019) 276:459-466

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Chatenoud L, Garavello W, Pagan E, Bertuccio P, Gallus S, La
Vecchia C, Negri E, Bosetti C (2016) Laryngeal cancer mortality
trends in European countries. Int J Cancer 15 138(4):833-842
Mannelli G, Cecconi L, Gallo O (2016) Laryngeal preneoplastic
lesions and cancer. Challenging diagnosis. Qualitative literature
review and meta-analysis. Crit Rev Oncol/Hematol 106:64-90.
https://doi.org/10.1016/j.critrevonc.2016.07.004

Piazza C, Cocco D, De Benedetto L, Del Bon F, Nicolai P, Peretti
G (2010) Narrow band imaging and high definition television in
the assessment of laryngeal cancer. A prospective study on 279
patients. Eur Arch Otorhinolaryngol 267(3):409—414. https://doi.
org/10.1007/s00405-009-1121-6

Parker NP (2017) Vocal fold leukoplakia: incidence, manage-
ment, and prevention. Curr Opin Otolaryngol Head Neck Surg
25(6):464-468

Stanikova L, Satankovi J, Kucova H, Walderova R, Zelenik
K, Kominek P (2017) The role of narrow-band imaging (NBI)
endoscopy in optical biopsy of vocal cord leukoplakia. Eur Arch
Otorhinolaryngol 274(1):355-359. https://doi.org/10.1007/s0040
5-016-4244-6

Sharma S, Sharma MC, Sarkar C (2005) Morphology of angio-
genesis in human cancer. A conceptual overview, histoprognostic
perspective and significance of neoangiogenesis. Histopathology
46(5):481-489. https://doi.org/10.1111/j.1365-2559.2005.02142
X

Hanahan D, Weinberg RA (2011) Hallmarks of cancer. The
next generation. Cell 144(5):646—674. https://doi.org/10.1016/].
cell.2011.02.013

Ni XG, He S, Xu ZG, Gao L, Lu N, Yuan Z, Lai SQ, Zhang YM,
YiJL, Wang XL, Zhang L, Li XY, Wang GQ (2011) Endoscopic
diagnosis of laryngeal cancer and precancerous lesions by nar-
row band imaging. J Laryngol Otol 125(3):288-296. https://doi.
org/10.1017/S0022215110002033

Turkmen HI, Karsligil ME, Kocak I (2015) Classification of laryn-
geal disorders based on shape and vascular defects of vocal folds.
Comput Biol Med 62:76-85. https://doi.org/10.1016/j.compb
iomed.2015.02.001

Barbalata C, Mattos LS (2016) Laryngeal tumor detection and
classification in endoscopic video. IEEE J Biomed Health Inform
20(1):322-332. https://doi.org/10.1109/1BHI.2014.2374975
Sifrer R, Rijken JA, Leemans CR, Eerenstein SEJ, van Weert S,
Hendrickx JJ, Bloemena E, Heuveling DA, Rinkel RNPM (2018)
Evaluation of vascular features of vocal cords proposed by the
European Laryngological Society. Eur Arch Otorhinolaryngol
275(1):147-151

Tjon Pian Gi REA, Halmos GB, van Hemel BM, van den Heuvel
ER, van der Laan BFAM, Plaat BEC, Dikkers FG (2012) Narrow
band imaging is a new technique in visualization of recurrent res-
piratory papillomatosis. Laryngoscope 122(8):1826—1830. https
://doi.org/10.1002/1ary.23344

Lukes P, Zabrodsky M, Lukesova E, Chovanec M, Astl J, Betka
JA, Plzak J (2014) The role of NBI HDTV magnifying endos-
copy in the prehistologic diagnosis of laryngeal papillomatosis
and spinocellular cancer. BioMed Res Int 2014:285-486. https://
doi.org/10.1155/2014/285486

Dippold S, Nusseck M, Richter B, Echternach M (2017) The use
of narrow band imaging for the detection of benign lesions of the

@ Springer

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

larynx. Eur Arch Otorhinolaryngol 274(2):919-923. https://doi.
org/10.1007/s00405-016-4300-2

Zabrodsky M, Lukes P, Lukesova E, Boucek J, Plzak J (2014) The
role of narrow band imaging in the detection of recurrent laryngeal
and hypopharyngeal cancer after curative radiotherapy. BioMed
Res Int 2014:175-398. https://doi.org/10.1155/2014/175398
Klimza H, Jackowska J, Tokarski M, Piersiala K, Wierzbicka M
(2017) Narrow-band imaging (NBI) for improving the assess-
ment of vocal fold leukoplakia and overcoming the umbrella
effect. PLoS One 12(6):¢0180590. https://doi.org/10.1371/journ
al.pone.0180590

Bertino G, Cacciola S, Fernandes WB Jr, Fernandes CM, Occhin
A, Tinelli C, Benazzo M (2015) Effectiveness of narrow band
imaging in the detection of premalignant and malignant lesions of
the larynx. Validation of a new endoscopic clinical classification.
Head neck 37(2):215-222. https://doi.org/10.1002/hed.23582
De Vito A, Meccariello G, Vicini C (2017) Narrow band imag-
ing as screening test for early detection of laryngeal cancer. A
prospective study. Clin Otolaryngol 42(2):347-353. https://doi.
org/10.1111/coa.12728

Nogués-Sabaté A, Aviles-Jurado FX, Ruiz-Sevilla L, Lehrer E,
Santamaria-Gadea A, Valls-Mateus M, Vilaseca I (2018) Intra
and interobserver agreement of narrow band imaging for the
detection of head and neck tumors. Eur Arch Otorhinolaryngol
275(9):2349-2354. https://doi.org/10.1007/s00405-018-5063-8
Shoffel-Havakuk H, Lahav Y, Meidan B, Haimovich Y, Warman
M, Hain M, Hamzany Y, Brodsky A, Landau-Zemer T, Halperin
D (2017) Does narrow band imaging improve preoperative detec-
tion of glottic malignancy? A matched comparison study. Laryn-
goscope 127(4):894-899. https://doi.org/10.1002/lary.26263
Friedrich G, Dikkers FG, Arens C, Remacle M, Hess M, Giovanni
A, Duflo S, Hantzakos A, Bachy V, Gugatschka M (2013) Vocal
fold scars: current concepts and future directions. Consensus
report of the Phonosurgery Committee of the European Laryn-
gological Society. Eur Arch Otorhinolaryngol 270(9):2491-2507.
https://doi.org/10.1007/s00405-013-2498-9

Ni XG, Zhang QQ, Wang GQ (2016) Narrow band imaging
versus autofluorescence imaging for head and neck squamous
cell carcinoma detection: a prospective study. J Laryngol Otol
130(11):1001-1006

Davaris N, Voigt-Zimmermann S, Cyran AM, Arens C (2018)
[Endoscopic early diagnosis of carcinomas in upper respira-
tory and digestive tract]. Laryngorhinootologie 97(4):276-286
(German)

Andrea M, Dias O, Santos A (1995) Contact endoscopy of the
vocal cord: normal and pathological patterns. Acta Otolaryngol
115(2):314-316

Volgger V, Felicio A, Lohscheller J, Englhard AS, Al-Muzaini
H, Betz CS, Schuster ME (2017) Evaluation of the combined use
of narrow band imaging and high-speed imaging to discriminate
laryngeal lesions. Lasers Surg Med 49(6):609-618

Yang Y, Fang J, Zhong Q, Xu W, Ma H, Feng L, Shi Q, Lian M,
Wang R, Hou L (2018) The value of narrow band imaging com-
bined with stroboscopy for the detection of applanate indiscernible
early-stage vocal cord cancer. Acta Otolaryngol 138(4):400—406


https://doi.org/10.1016/j.critrevonc.2016.07.004
https://doi.org/10.1007/s00405-009-1121-6
https://doi.org/10.1007/s00405-009-1121-6
https://doi.org/10.1007/s00405-016-4244-6
https://doi.org/10.1007/s00405-016-4244-6
https://doi.org/10.1111/j.1365-2559.2005.02142.x
https://doi.org/10.1111/j.1365-2559.2005.02142.x
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1017/S0022215110002033
https://doi.org/10.1017/S0022215110002033
https://doi.org/10.1016/j.compbiomed.2015.02.001
https://doi.org/10.1016/j.compbiomed.2015.02.001
https://doi.org/10.1109/JBHI.2014.2374975
https://doi.org/10.1002/lary.23344
https://doi.org/10.1002/lary.23344
https://doi.org/10.1155/2014/285486
https://doi.org/10.1155/2014/285486
https://doi.org/10.1007/s00405-016-4300-2
https://doi.org/10.1007/s00405-016-4300-2
https://doi.org/10.1155/2014/175398
https://doi.org/10.1371/journal.pone.0180590
https://doi.org/10.1371/journal.pone.0180590
https://doi.org/10.1002/hed.23582
https://doi.org/10.1111/coa.12728
https://doi.org/10.1111/coa.12728
https://doi.org/10.1007/s00405-018-5063-8
https://doi.org/10.1002/lary.26263
https://doi.org/10.1007/s00405-013-2498-9

	Flexible transnasal endoscopy with white light or narrow band imaging for the diagnosis of laryngeal malignancy: diagnostic value, observer variability and influence of previous laryngeal surgery
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Sensitivity, specificity, accuracy and DOR
	Inter- and intra-observer agreement
	Previous laryngeal surgery and differences in sensitivityspecificity

	Discussion
	Acknowledgements 
	References


