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ABSTRACT

Background: Bronchoscopy plays an important role in the diagnostics of lung tumours. One of the
technologies looking for their way in the diagnostics of pulmonary diseases is narrow band imaging. The
aim of this study was to compare accuracy of examinations in the NBI and the white light (WL) modes in
relation to biopsy results for the diagnoses of malignant tumour or severe dysplasia.

Methods and results: A group of 500 patients have undergone a bronchoscopic examination in the NBI
mode and afterwards in the white light. Biopsies were taken from all areas with pathological findings in
both the modes for histological examination. Pathological bronchoscopic images were detected in a total
of 382 patients. Positive findings in both the NBI mode and the WL mode were detected in 331 patients
(66.2%). Discordant NBI-/WL+ findings were detected in 29 cases (5.8%) and discordant NBI+/WL-
findings were detected in 22 cases (4.4%). The relative sensitivity of NBI compared to WL is 1.06 (p <
0.01; NBI sensitivity is significantly higher). The relative rate of false positive results in NBIl compared to
WL is 0.91 (p = 0.01; the rate of false positive results is significantly lower in NBI).

Conclusions: The performed statistical evaluation shows a statistically significant increase in
examination accuracy in NBI compared to WL. An NBI examination is able to differentiate between the
necrotic avascular region of the tumour and the viable tissue very well even if an examination in the WL
mode is not so explicit in this respect.
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INTRODUCTION structures. One of the technologies looking
Bronchoscopy plays an important for their way in the diagnostics of
role in the diagnostics of lung tumours. In Fulmonary diseases is narrow band imaging.
the recent years, there has been a significant 1
technological progress aiming at provision NBI is a new technology of
of the most detailed information possible on visualization of capillary patterns and bigger
the structure of the bronchial mucosa, shape vessels in mucosa. Bronchial mucosa is
and character of vascular structures in the illuminated by a combination of narrow
bronchial mucosa, and  submucosal spectra of the blue, green and red light with
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wavelengths of 415, 540 and 600 nm. The
depth of penetration of the light into the
mucosa depends on the light‘s wavelength.
Photons in the blue and green portions of the
spectrum penetrate less deep and are
selectively absorbed by hemoglobin — this
enables visualisation of capillaries and small
vessels located less deep in the mucosa.
Photons of the red light penetrate deeper,
beyond the hemoglobin absorption range,
enabling visualization of bigger vessels
located deeper. Vessels containing blood
are visualized in dark colour; other
structures of the mucosa are light. This
enables visualization of wvessels in the
mucosa and  differentiation  between
inflammation and pathological tumour
vascularisation. 1!

Vascular structures are highlighted
by using a special RGB (red, green and
blue) rotating optical filter placed in the path
of the white light emitted by a xenon lamp.
Mucosa is illuminated by narrow beams
with a given wavelength. The image is
captured by a CCD chip and synthesized in a
video processor. Subsequently, the image is
displayed on an LCD monitor. &

The importance of NBI technology
lies, above all, in the improvement of
visualization of changes in the structure,
architecture and frequency of vessels in
bronchial mucosa. Angioneogenesis plays
an important role in the growth of malignant
tumours. New vessels differ in their
morphology and frequency from the normal
vascular structure of a healthy epithelium. *
8 The detection of such changes may
significantly improve the possibilities of
diagnostics of premalignant and malignant
processes in the epithelium of air passages.

The aim of this study was to
compare accuracy of examinations in the
NBI and the WL modes in relation to biopsy
results for the diagnoses of malignant
tumour or severe dysplasia.

MATERIALS AND METHODS
Group

500 Dbronchoscopic examinations
were carried out in the NBI mode and
afterwards in the white light. The group
included 348 men (69.6%) and 152 women
(30.4%). Indications for bronchoscopic
examination included: pathological CT or x-
ray findings — 420 (84.0%), hemoptysis — 33
(6.6%), follow-up after lung tumour surgery
— 12 (2.4%), follow-up after chemotherapy
and radiotherapy — 21 (4.2%), and follow-up
after neoadjuvant chemotherapy —14 (2.8%).
Procedure

Bronchoscopic examinations were
performed using the Olympus Evis Lucera
system, which enables examination in the
white light (WL), the NBI mode and the
autofluorescence mode. The examinations
were carried out under usual local
anaesthesia in a bronchoscopy room with
complete equipment necessary for flexible
bronchoscopy. In order to eliminate
mistakes caused by the bronchoscope
touching the mucosa and subsequent
bleeding, the patients were first examined in
the NBI mode and only afterwards in the
WL mode. The examiners evaluated changes
in the structure, architecture and frequency
of wvessels visualized in the bronchial
mucosa. Each pathological image was
recorded by means of a DVD recorder and
archived. Findings were evaluated by two
physicians having experience with this
diagnostic method. Samples were taken
from areas with suspicious images of
vascular  changes, indicating possible
malignity, for histological and cytological
examination. The Evis Lucera bronchoscopy
system enables biopsy material sampling
during examination in the NBI mode.
Evaluation

Examiners evaluated the shape and
size of vessels, their course, and the increase
or decrease in the frequency of vascular
structures. Pathological findings in the NBI
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mode (NBI+) were divided, in compliance
with works published by prominent world
departments, 4> into 4 groups: 1) Image
of “dotted” vessels with tortuous course,
Figure 1; 2) Image of abrupt-ending vessels
with disturbed architecture, Figure 2; 3)
Avascular image typical for necrosis, Figure
3; and 4) Image of uniform multiplied
vessels, Figure 4. The first two images
reflect pathological changes in the
morphology of vessels and disrupted vessel
architecture originating in the process of
neoangiogenesis in malignant growth. The
image of avascular zones is typical for
surface necrosis with poor vascular supply
as may be seen on the surface of tissue with
tumorous changes. The first three groups
were suspected of malignancy. The fourth
group was evaluated as inflammatory
changes. We may observe increased
vascular supply in such findings, but no
changes in the morphology of the vessels.
Samples were taken from the areas with
pathological findings for histological and
cytological examinations.

Pathological findings in the white
light (WL+) were evaluated according to
generally valid criteria for malignant
pathological processes. ™**!

Figure 1. Image of “dotted” vessels with tortuous course.

Figure 2. Image of abrupt-ending vessels with disturbed
architecture.

Figure 3. Avascular image typical for necrosis.

Figure 4. Image of uniform multiplied vessels.

Statistical Methods

The results of the histological and
cytological examinations were evaluated
with respect to relative sensitivity and
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relative rate of false positive results in NBI
compared to WL. ™ The statistical
significance of the difference in sensitivity
and specificity of the modes was determined
by means of the McNemars test. [12]

RESULTS

500 bronchoscopic examinations
have been performed (table No. 1). Findings
were negative in both the modes (NBI- and
WL-) in 118 patients (23.6%).

Table 1: Division of Results of NBI/WL Bronchoscopic
Examinations

Bronchoscopic Finding Number of patients
NBI+/WL+ (positive finding) 331 (66.2)
NBI-/WL+ (discordant finding) | 29 (5.8)
NBI+/WL- (discordant finding) | 22 (4.4)

NBI-/WL- (negative finding) 118 (23.6)

Total 500

The values are given as n (%)

Pathological bronchoscopic images
were found in a total of 382 patients.
Positive findings in both the NBI and the
WL modes were detected in 331 patients
(66.2%).

NBI-/WL+ discordant findings were
detected in 29 cases (5.8%) and NBI+/WL-
discordant findings were detected in 22
cases (4.4%). Biopsy examinations were
performed in all cases with positive findings
in both the modes or in just one mode (n =
382). Results of the histological
examinations are presented in table No. 2.
The positive predictive value of the NBI
pathological findings, indicating malignity,
was very high (97.5 %).

Table 2: Predictive Value of NBI/WL Bronchoscopic Findings

Bronchoscopic Finding Histological Finding

Malignant Tumor | Severe Dysplasia | Inflammation | Benign Tumour | Negative Finding | Total
NBI+/WL+ suspected malignity 146 (95.4) 3(2.0) 4 (2.6) 0 0 153
NBI+/WL+ suspected inflammation | 1 (0.6) 5(2.8) 162 (91.0) 0 10 (5.6) 178
NBI+/WL- 2(9.1) 8(36.4) 7(31.8) 0 5(22.7) 22
NBI-/WL+ 0 0 13 (44.8) 9(31.0) 7(24.2) 29
Total 149 16 186 9 22 382
The values are given as n (%)

The statistical evaluation focused on
the comparison of examination accuracy in
the NBI and the WL modes in relation to the
biopsy results. Analyses of the relative
sensitivity and the rate of false positive

results in NBI compared to WL were carried
out for histological or cytological findings of
malignant tumours or severe dysplasia. The
basic data for statistical processing are
presented in table No. 3.

Table 3: Comparison of the Accuracy of NBI and WL Bronchoscopy. Patients who were negative in both modes (n = 118) did not undergo a
histological examination and were not included in this evaluation.

Histological examination POSITIVE for | Histological examination NEGATIVE for | TOTAL

a malignant tumour or severe dysplasia a malignant tumour or severe dysplasia

WL+ WL- Total WL+ WL- Total
NBI+ 155 10 165 176 12 188 353
NBI- 0 - 0 29 - 29 29
TOTAL | 155 10 165 205 12 217 382
The values are given as n

The

relative sensitivity of NBI

of false positive results is significantly lower

compared to WL is 1.06 (p < 0.01; NBI
sensitivity is significantly higher). The
relative rate of false positive results in NBI
compared to WL is 0.91 (p = 0.01; the rate

in NBI).

DISCUSSION
NBI very significantly improves
visualization of wvascular structures in
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bronchial mucosa. The method enables
significantly better evaluation of such
structures than the white light. ™! This
enables getting better information on the
shape and frequency of vascular structures
in the bronchial mucosa. Pioneering works,
written especially by Japanese and German
authors, have specified the principles for
evaluation of pathological changes in
vessels in mucosa with premalignant and
malignant changes. **! Such vascular
structures may be found in apparently
tumorous tissues even through tumour
visualization by means of conventional
white light bronchoscopy. The advantage of
NBI in such cases lies certainly in the
improvement of biopsy targeting to areas
with pathological vascularization, which
may be not-so-clearly-visible or even
invisible in the white light. This improves
examination yield. The results of our work
also point out the high predictive value of
NBI examinations for findings indicating
malignity (97.5%).

Another important fact is the
possibility of evaluating mucosa
surrounding the tumorous tissue. The
method enables detailed visualization of the
vessels in the neighbourhood of the tumour,
which is not possible in such detail in
conventional white light bronchoscopy. The
presence of pathological vascularization in
the neighbourhood of the tumour helps to
better identify the real borders of the
malignant process. ™! Exact determination
of the lesion extent is crucial for lung
carcinoma staging and for determination of
further therapeutic procedure. Inflammatory
changes in the mucosa — occurring, for
instance, in the neighbourhood of a tumour —
may be differentiated from malignant
changes by the shape and frequency of
vessels.

Examinations in the NBI mode may
be advantageously used for more accurate
evaluation of changes in the mucosa which

are not explicit in the white light — e.g.
mucosal  tubercles, mucosal edema,
suspected mucosal infiltration, etc. The
examination provides good information on
vascular structures in such changed mucosa
and enables further examination, especially
biopsy from the area of suspicious changes.

The analyses of relative sensitivity
and rate of false positive results in NBI
compared to WL for histological or
cytological findings of malignant tumours or
severe dysplasia in our group point out that
the relative sensitivity of NBI compared to
WL is 1.06 (p < 0.01; NBI sensitivity is
significantly higher). The relative rate of
false positive results in NBI compared to
WL in our group is 0.91 (p = 0.01; the rate
of false positive results is significantly lower
in NBI).

The performed statistical evaluation
shows a statistically significant increase in
examination accuracy in NBI compared to
WL. An NBI examination is able to
differentiate between the necrotic avascular
region of the tumour and the viable tissue
very well even if an examination in the WL
mode is not so explicit in this respect. This
results in a more accurate determination of
the most suitable area for taking biopsy
material.

The examination may play an
important role in follow-up of patients after
lung  resection,  chemotherapy  and
radiotherapy =~ due  to  bronchogenic
carcinoma. Mucosa of such patients,
changed by post-surgical deformities, is
frequently difficult to evaluate. A more
detailed evaluation of the mucosa and its
vascular structures may help in the detection
of tumor recurrence or differentiation
between inflammation and possible tumour
recurrence. The method enables better
determination of the area suitable for biopsy
in such cases, too.

NBI bronchoscopy is also used for
detection of early forms of lung tumours.

International Journal of Health Sciences & Research (www.ijhsr.org) 84
Vol.5; Issue: 6; June 2015



The examination is suitable for high-risk
patients, smokers, and patients suffering
from hemoptysis, with no explicit x-ray or
CT findings. "' A detailed evaluation of
vessels in the bronchial mucosa of such
patients may reveal anomalies which are
invisible in the white light of conventional
bronchoscopy.  Targeted biopsy may
subsequently detect severe dysplasia or
carcinoma in situ. Modern video systems
enable archiving of examination video
recordings and saving photodocumentation
of examinations in patients’ cards in the
computer. Such archived findings may be
subsequently ~ compared to  control
examinations carried out within the
monitoring of the patients in a later period.
This may be extremely important for early
detection of malignant turnover of the
disease. The role of modern bronchoscopic
methods in the detection of early forms of
lung tumours is subject to intensive research
and the NBI method will certainly not be
omitted. ***! Bronchoscopic high definition
(HD) imaging using NBI imaging is a very
promising new possibility in the diagnostics
of lung tumours. The combination of these
two methods enables to get a high-quality
image of the vascular structures of the
mucosa. First experience with this new
method indicates that the method will enable
even better detection of dysplastic changes
than the current NBI. %!

Differentiation between avascular
necrotic tissue and other mucosa is relatively
explicit; the difference is even bigger if
there is tumorous tissue with pathological
vascularization in the neighbourhood of the
necrotic tissue. Histological examination of
the viable tumorous tissue is important for
the determination of the type of tumour;
taking samples of necrotic materials
frequently precludes histological
examination. The possibility of taking
biopsy samples directly during the NBI
examination is seen as a great advantage,

increasing biopsy yield and reducing the risk
of undiagnosed sampling. 262"

A work concerned with the
characteristic image of vascular anomalies
in NBI for various histological types of lung
carcinoma has been published recently.
Statistically significant correlations were
described between the histological type of
squamous cell lung cancer (SCC) and the
NBI image of tortuous vessels and abrupt-
ending vessels, and between the histological
type of adenocarcinoma and the NBI image
of dotted vessels. %!

A certain disadvantage of the method
is the subjectivity of the evaluation of
vascular changes. There are inexplicit and
transient findings. Experience of examiners
plays a very important role. In principle,
each suspicious change should be verified
by biopsy.

Another limitation to the
examination is the presence of blood in the
examined field. Even a minor bleeding may
frequently hinder valid evaluation of the
vascular changes. Difficulties may arise
even by the bronchoscope touching the
bronchial wall with subsequent minor
bleeding. Therefore, it is necessary to start
the examination in the NBI mode and only
then continue in the white light. The first
view of the intact mucosa is most important.

CONCLUSION

The first experience with this method
shows that it helps in the detection of
vascular anomalies in the bronchial mucosa,
thus helping in the diagnostics of lung
tumours. Above all, the method enables
exact targeting of biological material
sampling for histological and cytological
examinations. It helps in the detection of
submucosal tumours, tumour recurrence
after surgery and determination of the
tumour extent. The wuse of NBI
bronchoscopy in the detection of early lung
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tumour stages is subject to research. The
first results in this respect are promising.
The performed statistical evaluation
shows a statistically significant increase in
examination accuracy as compared to WL.
An NBI examination is able to differentiate
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narrow band imaging could detect
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squamous  dysplasia in  heavy
smokers at high risk for lung cancer.
Thorax 2003; 58: 989995

between the necrotic avascular region of the 5. Shibuya K, Hoshino H, Chiyo M, et
tumour and the viable tissue very well even al. Subepithelial vascular patterns in
if an examination in the WL mode is not so bronchial dysplasias using a high
explicit in this respect. This results in a more magnification  bronchovideoscope.
accurate determination of the most suitable Thorax 2002; 57: 902-907
area for taking biopsy material. The method 6. Folkman J. Tumor angiogenesis:
significantly increases visibility of vascular therapeutic implications. A Engl J
structures in the mucosa. Evaluation of such Med 1971; 285: 1182-1186.
changes is not always easy and requires 7. Toi M, Kashitani J, Tominaga T.
significant experience of the examiner. NBI Tumor  angiogenesis is an
bronchoscopy helps in the detection of independent prognostic indicator in
submucosal tumours and tumour recurrence primary breast carcinoma. Int J
after surgery. The method improves the Cancer 1993; 55: 371-374.
possibility of determination of tumour extent 8. Fontanini G, Lucchi M, Vignati S, et
before surgery and sometimes even al. Angiogenesis as a prognostic
improves the possibility of detection of early indicator of survival in non-small
stages of lung tumours. cell lung carcinoma: a prospective
Better visualization of vascular study. J Natl Cancer Inst 1997; 89:
anomalies in the bronchial mucosa improves 881-886.
the possibility of severe dysplasia detection. 9. Vincent BD, Fraig M, Silvestri GA.
The clinical importance of such changes is A Pilot Study of Narrow-Band
not clear yet and is subject to intensive Imaging Compared to
research. White Light Bronchoscopy for
Evaluation of Normal Airways and
REFERENCES Premalignant and Malignant
1. Herth F, Eberhardt R, Ernst A. The Airways Disease. Chest 2007; 131:
Future  of  Bronchoscopy in 1794-1799.
Diagnosing, Staging and Treatment 10.Ikeda S. Atlas of Flexible
of Lung Cancer. Respiration 2006; Bronchofiberscopy. Georg Thieme
73:399-409. Publishers Stuttgard, lgaku Shoin
2. Plekker D, Koegelenberg C, Bolliger Ltd. Tokyo. 1974; 230
C. Different  techniques  of 11. Chock C, Irwig L, Berry G, et al.
bronchoscopy. Eur Respir Mon Comparing Dichotomous Screening
2010; 48: 1-17. Tests When Individuals Negative on
3. Kuznetsov K, Lambert R, Rey JF. Both Tests Are Not Verified. J Clin
Narrow-band imaging: potential and Epidemiol 1997; 50: 1211 1217.
limitations. Endoscopy 2006; 38(1): 12. Altman D. Practical statistics for
76-78. medical research. Chapman &
4. Shibuya K, Hoshino H, Chiyo M, et Hall/CRC, 1999.
al. High magnification
International Journal of Health Sciences & Research (www.ijhsr.org) 86

Vol.5; Issue: 6; June 2015



13.

14.

15.

16.

17.

18.

19.

20.

McWilliams A, Lam B, Sutedja T.
Early proximal lung cancer diagnosis
and treatment. Eur Respir J 2009; 33:
656-665.

Zaric B, Becker HD, Perin B, et al.

Narrow Band Imaging
Videobronchoscopy Improves
Assessment  of Lung Cancer
Extension and Influences

Therapeutic Strategy. Jpn J Clin
Oncol 2009; 39(10): 657—663.

Herth F, Eberhardt R, Anantham D,
et al. Narrow-Band Imaging
Bronchoscopy Increases the
Specificity of Bronchoscopic Early
Lung Cancer Detection. Journal of
Thoracic

Oncology 2009; 4(9): 1060-1065.
Lam S, Standish B, Baldwin C, et al.
In-vivo optical coherence
tomography imaging of pre-invasive
bronchial lesions. Clin Cancer Res
2008; 14: 2006-2011.

Ikeda N, Honda H, Hayashi A, et al.
Early detection of bronchial lesions

using newly developed
videoendoscopy based
autofluorescence bronchoscopy.

Lung Cancer 2006; 52: 21-27.

Chiyo M, Shibuya K, Hoshino H, et
al. Effective detection of bronchial
preinvasive lesions by a new
autofluorescence imaging
bronchovideoscope system. Lung
Cancer 2005; 48: 307-313.
Thiberville L, Moreno-Swirc S,
Vercauteren T, Peltier E, Cave” C,
Bourg Heckly G. In vivo imaging of
the bronchial wall microstructure
using fibered confocal fluorescence
microscopy. Am J Respir Crit Care
Med 2007; 175: 22-31.

Keith R, Miller Y, Gemmill R, et al.
Angiogenic squamous dysplasia in
bronchi of individuals at high risk for

21.

22.

23.

24.

25.

26.

217.

28.

lung cancer. Clinic Cancer Res 2000;
6: 1616-1625.

Rosell A, Sutedja TG. Early
detection of lung cancer. Eur Respir
Mon 2010; 48: 35-44.

Kennedy TC, McWilliams A, Edell
E, et al. Bronchial intraepithelial
neoplasia/early

central airways lung cancer. ACCP
evidence-based clinical  practice
guidelines (2nd edn). Chest 2007;
132: Suppl. 3, 221S-233S.

Colt H, Murgu S. Interventional
Bronchoscopy from Bench to
Bedside: New Techniques
for Early Lung Cancer Detection.
Clin Chest Med 2010; 31: 29-37.
Zaric B, Stojsic V, Sarcev T, et al.
Advanced bronchoscopic techniques
in diagnosis and staging of lung
cancer. J Thorac Dis 2013; 5(S4):
359-370.

Shibuya K, Nakajima T, Fujiwara T,
et al. Narrow band imaging with
high-resolution

bronchovideoscopy: a new approach
for visualizing angiogenesis in
squamous cell carcinoma of the lung.
Lung Cancer 2010; 69: 194-202.
Ondrejka G, Majek O, Skrickova J,
et al. The Benefits of Narrow Band
Imaging

Bronchoscopy for the Diagnostics of
Lung Tumors-An  Analysis  of
Accuracy in Comparison With White
Light Bronchoscopy. Chest 2011,
140: 462A.

Ondrejka G, Majek O, Skrickova J,
et al. Narrow band imaging
bronchoscopy versus white light
bronchoscopy-An analysis of
accuracy for the diagnostics of lung
tumors. Eur Respir J 2012; 40:
Suppl.56, 617.

Zaric B, Perin B, Stojsic V, et al.
Relation between vascular patterns

International Journal of Health Sciences & Research (www.ijhsr.org) 87
Vol.5; Issue: 6; June 2015



visualized by narrow band imaging histological type of lung cancer. Med
(NBI)  videobronchoscopy  and Oncol 2013; 30: 374.

How to cite this article: Ondrejka G, Majek O, Skrickova J et al. Accuracy analysis of narrow band
imaging (NBI) bronchoscopy compared to white light bronchoscopy in the diagnostics of lung
tumours. Int J Health Sci Res. 2015; 5(6):80-88.

*khkhkhkhhkhkhhkhkhiiiiiikdx

International Journal of Health Sciences & Research (IJHSR)

Publish your work in this journal

The International Journal of Health Sciences & Research is a multidisciplinary indexed open access double-blind peer-
reviewed international journal that publishes original research articles from all areas of health sciences and allied branches.
This monthly journal is characterised by rapid publication of reviews, original research and case reports across all the fields
of health sciences. The details of journal are available on its official website (www.ijhsr.org).

Submit your manuscript by email: editor.ijhsr@gmail.com OR editor.ijhsr@yahoo.com

International Journal of Health Sciences & Research (www.ijhsr.org) 88
Vol.5; Issue: 6; June 2015


http://www.ijhsr.org/
mailto:editor.ijhsr@gmail.com
mailto:editor.ijhsr@yahoo.com

