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Abstract

Introduction: Narrow band imaging (NBI) video bronchoscopy provides better visualisation of submucosal vascular patterns in
malignant airway lesions compared to white light bronchoscopy. This analytical cross-sectional study was aimed to look for any
relationship between these NBI vascular patterns and the histologic type of lung cancer.

Material and methods: After screening 78 patients with suspected lung cancer, 53 subjects underwent video bronchoscopy.
Thirty-two patients showing abnormal bronchial mucosa or endobronchial growth with any of the NBI vascular patterns on bron-
choscopy were enrolled in the study. These abnormal areas were then biopsied and sent for histologic examination.

Results: NBI bronchoscopy revealed a dilated tortuous vascular pattern in 54.8% of the patients, a non-specific pattern in 32%,
a dotted pattern in 9.7% and an abrupt ending vessels pattern in 3.2% of the patients. We did not find any statistically significant
relationship between a dilated tortuous pattern and squamous-cell carcinoma (p = 0.48), adenocarcinoma (p = 0.667) or small-
cell carcinoma (p = 1); between a dotted pattern and squamous-cell carcinoma (p = 1), adenocarcinoma (p = 0.54) or small-
cell carcinoma (p = 1), and between an abrupt ending capillary pattern and squamous-cell carcinoma (p = 1), adenocarcinoma
(p = 1) or small-cell carcinoma (p =1).

Conclusion: No relationship exists between NBI vascular patterns and the histology of lung cancer. Endobronchial lesions showing
any vascular pattern on NBI needs to be adequately sampled for proper histologic and molecular studies in lung cancer patients.
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Introduction

Among all cancers, lung cancer is the most
common cancer across the world, both in terms
of incidence and mortality, accounting for
2.1 million new cases and 1.76 million deaths
in 2018 [1]. The World Health Organisation es-
timates that lung cancer deaths will continue to
rise worldwide, largely as a result of an increase in
global tobacco use, principally in Asia. Diagnos-
tic bronchoscopic techniques have now become
widely available for detection and staging of
lung cancer. New tools such as autofluorescence
imaging (AFI), narrow band imaging (NBI) and
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endobronchial ultrasound (EBUS) have found
their place in many bronchoscopy suites. An-
giogenesis and structural changes of the mucosa
are the basic and hallmark lesions of neoplasia
[2]. NBI uses two bandwidths of light; 390 to
445 nm (blue) light that is absorbed by superficial
capillaries and 530 to 550 nm (green) light that
is absorbed by blood vessels below the mucosal
capillaries [3]. These wavelengths coincide with
the peak absorption spectrum of oxyhaemoglo-
bin and make blood vessels more pronounced.
Studies have shown the utility of NBI by identi-
fying capillary loop patterns in early diagnosis of
oesophageal and gastric carcinoma [4, 5]. As far
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as bronchoscopy is concerned, NBI is still a tool
in search of proper indications. Shibuya et al.
[6] first described the pathological patterns on
bronchial mucosa that are known as Shibuya’s
descriptors (dotted, tortuous and abrupt ending
vessels). We conducted this study to find wheth-
er any relationship exists between different NBI
vascular patterns and the histology of lung cancer.

Material and methods

This was an analytical cross-sectional study
conducted in the department of pulmonary
medicine at the All India Institute of Medical
Sciences, Jodhpur, India over a period of twelve
months. The study protocol was approved by
the institutional ethics committee (project no.
AIIMS/RES/(02)/2015-16/068). Informed written
consent was obtained from each participant be-
fore enrolment in the study.

Inclusion criteria

Lung cancer patients in whom bronchoscopy
showed endobronchial lesions with different NBI
vascular patterns.

Exclusion criteria

Patients with endobronchial growth or ab-
normal mucosa not showing any enhanced vas-
cularity on NBI mode, uncooperative patient,
refractory hypoxaemia, hypercarbia, hypotension,
recent/unstable angina, myocardial infarction
within last six weeks, arrhythmias, bleeding dis-
orders, uraemia and platelet count < 50,000/mm”°.

Methodology

Video bronchoscopy was performed using
a flexible video bronchoscopy system (Olympus
EVIS EXERA III model BF-1TH190 video bron-
choscope, CLV-190 light source, CV-190 video
processor and SONY LMD-2451MD high defini-
tion TV monitor). All patients were monitored
using standard monitoring and alert systems
during each procedure. The bronchial tree of
each patient was examined by two experienced
bronchoscopists, first, under white light (WL),
and then, under narrow band imaging (NBI)
mode. An abnormal appearance under NBI mode
was defined as any area looking abnormal either
by blood vessel concentration or appearance as
per Shibuya’s descriptors. Based on consensus
among the two bronchoscopists, a particular NBI
pattern was labelled for each patient. In situations
where consensus could not be attained, opinion of
a third bronchoscopist was taken — who reviewed

and labelled the NBI pattern after watching the
stored high-definition video of the procedure.
The target biopsy sites were areas showing an
endobronchial growth and/or abnormal appearing
mucosa as seen by both WL and NBI. A minimum
of three biopsies were taken from one site using
biopsy forceps (Olympus rotatable biopsy forceps;
model no. FB-55CR-1). Different forceps were
kept to sample a different abnormal area in the
same patient to avoid cross-contamination. Biop-
sy specimens were sent for histologic examination
in a 10% formal saline solution. Immunohisto-
chemistry was performed whenever required.
Dysplastic and cancerous lesions were classified
according to the WHO classification system [7].

Statistical analysis

Continuous variables were presented as
mean * SD; categorical variables were expressed
in actual numbers and percentages. Fischer’s
exact test was used to compare two categorical
variables. All statistical analyses were performed
with SPSS for Windows version 21.0 (SPSS Inc.,
Chicago, IL, USA).

Results

We screened 78 patients, out of whom 46 per-
sons were excluded. Among those who were
excluded, 21 patients did not show enhanced vas-
cularity on NBI video bronchoscopy, 7 individuals
had platelet count of less than 50,000/mm’ and
18 patients had unstable cardiovascular sta-
tus. There were 32 patients who were finally en-
rolled in the study. One person was excluded from
analysis as histology revealed tuberculosis. The
results of 31 patients were analysed. A flow chart
of the study patients is shown in Figure 1.

The mean age of the patients was 60.3 =
12.5 years. The majority of the subjects were
males (90.3%) and smokers (87.1%). The most
commonly encountered lung malignancy was
squamous-cell carcinoma (58.1%), followed by ad-
enocarcinoma (22.3%) and small-cell carcinoma
(19.4%). Cough was the most common symptom
(64.5%), followed by dyspnoea (58.1%), weight
loss (51.6%), chest pain (48.4%) and haemoptysis
(22.6%). Computed tomography (CT) of the chest
showed mass-lesion (90.3 %), pulmonary nodules
(12.9%), pleural effusion (12.9%), superior vena
cava (SVC) syndrome (6.5%) and mediastinal
adenopathy (35.5 %). Baseline characteristics of
the patients are mentioned in Table 1.

A dilated tortuous vascular pattern seen in
54.8% of the study subjects was the commonest
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Number of patients screened — 78

A

46 patients were excluded

Patients having endobronchial growth or
abnormal mucosa not showing any enhanced
vascularity on NBI mode — 21

Severe thrombocytopenia — 7
Unstable cardiovascular status — 18

A

Number of patients enrolled in study — 32

One patient was excluded as histology
revealed tuberculosis

A

A

Number of patients analysed — 31

Figure 1. Flow chart of patients included in the study

Table 1. Baseline characteristics

Age, years [mean = SD] 60.32 = 12,5
Gender N [%]
Male 28(90.3)
Female 3(9.7)
Symptoms

Cough 20 (64.5)
Dyspnea 18 (58.1)
Weight loss 16 (51.6)
Chest pain 15 (48.4)
Hemoptysis 7(22.6)
Smoking status

Smoker 27 (87.1)
Never smoker 4(12.9)
Comorbidities

COPD 15 (48.4)
Diabetes mellitus 3(9.7)
Systemic hypertension 3(9.7)
Ischaemic heart disease 5(16.1)
CT chest findings

Mass 28 (90.3)
Pulmonary nodules 4(12.9)
Pleural effusion 4(12.9)
SVC syndrome 2 (6.5)
Mediastinal adenopathy 11 (35.5)

32

observed pattern on NBI. A non-specific pattern
was observed in 32% of the cases, a dotted pat-
tern in 9.7% and abrupt ending vessels in 3.2%
of the cases. A dilated tortuous vascular pattern
was seen in 61% of the cases of squamous-cell
carcinoma, 42.9% of the cases of adenocarcinoma
and 50% of the cases of small-cell carcinoma.
A non-specific pattern was seen in 50% of the
cases of small-cell carcinoma, 42.8% of the cases
of adenocarcinoma and 22% of the cases of squa-
mous-cell carcinoma. An abrupt-ending pattern
was seen only in one patient of squamous-cell
carcinoma. A dotted pattern was seen in 14% of
the cases of adenocarcinoma and 11% of the cases
of squamous-cell carcinoma. Figure 2 shows the
frequency of NBI patterns in the study patients
with different histological types of lung cancer.
Few of these NBI patterns and the corresponding
histopathology images observed in our patients
are depicted in Figure 3.

In suspecting squamous-cell carcinoma, the
sensitivity and specificity of a dilated tortuous
pattern was 61% and 53.8%, respectively, and
for a dotted pattern, it was 11% and 92%, re-
spectively. For adenocarcinoma, the sensitivity
and specificity of a dilated tortuous pattern was
42.8% and 41.6%, respectively, and for a dotted
pattern, it was 14.2% and 91.6%, respectively.
Sensitivity and specificity of a dilated tortuous
pattern for small-cell carcinoma was 50% and
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Figure 2. Frequency of various vascular patterns observed on NBI in various histological types of lung cancer

45.8%, respectively. Sensitivity, specificity, pos-
itive predictive value and negative predictive
values of various vascular patterns observed on
NBI in identifying various histological types of
lung cancer are shown in Table 2.

There was no statistically significant rela-
tionship between a dilated tortuous pattern and
squamous-cell carcinoma (p = 0.48), adenocar-
cinoma (p = 0.667) or small-cell carcinoma (p =
1). There was no statistically significant relation-
ship between a dotted pattern and squamous-cell
carcinoma (p = 1), adenocarcinoma (p = 0.54)
or small-cell carcinoma (p = 1). There was no
statistically significant relationship between
an abrupt-ending capillary pattern and squa-
mous-cell carcinoma (p = 1), adenocarcinoma (p
= 1) or small-cell carcinoma (p =1).

Discussion

Despite improved imaging capability of vid-
eo bronchoscopy, early central lung cancers are
difficult to detect solely with white light bron-
choscopy as these lesions are usually small, rela-
tively flat with subtle endobronchial changes [8].
Enhanced magnification, improved image quality
and better visual contrast have been an area of
ongoing research and implementation in the field
of endoscopy to differentiate normal from abnor-
mal areas. NBI bronchoscopy has been found to
be useful in detecting increased vascularisation
and complex vessel networks in the bronchial
mucosa ranging from tortuous vessels, dotted
vessels to spiral or screw type vessels during the
process of carcinogenesis [9]. A combination of

high magnification video bronchoscopy with ad-
vanced imaging techniques like AFI and NBI has
shown promising results [10-12]. A significant
association was seen between dotted vessels by
NBI-B1 imaging and tissues confirmed pathologi-
cally as angiogenic squamous dysplasia [10]. The
first study to specifically look for any relation
between different NBI patterns and histology of
lung cancer was done by Zaric et al. [13]. They
found that a dotted visual pattern of blood ves-
sels was highly suggestive of adenocarcinoma (p
< 0.0001), while a tortuous and abrupt-ending
blood vessels was significantly suggestive of
squamous-cell lung cancer (p < 0.0001). This
is in contrast to the findings of our study which
found no statistically significant relationship be-
tween any NBI pattern and the histology of lung
cancer. The authors also mention about situations
when they faced difficulty in attaining consensus
on the NBI pattern but ultimately labelled these
pathological patterns based solely on Shibuya’s
descriptors. This is the second difference from our
study where we observed a non-specific NBI pat-
tern in about one-third of the patients not fulfilling
the pattern based on Shibuya’s descriptors. This
pattern consisted of one or two superficial vessels
seen over some part of the entire endobronchial
growth or abnormal mucosa. Among those whom
we screened, 26.9% of the patients actually did not
show any increased vascularity or pattern over the
endobronchial lesion on NBI mode and were thus
excluded from the study as depicted in Figure 1.

After searching PubMed and Google with
keywords like histology, narrow band imaging,
relation and bronchoscopy, we could find only one
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Figure 3. Images of few NBI vascular patterns observed in our patients and the corresponding histopathology slides. A. NBI image showing dotted
pattern; B. Hematoxylin and eosin stained slide of the patient (A), 10x, showing strands and sheets of invasive tumour with squamoid differentia-
tion; C. Immunohistochemistry (IHC) for p63 showing intense immunoreactivity; D. NBl image showing abrupt ending blood vessels; E. Hematoxylin
and eosin stained slide of the patient (D), 10x, showing strands and sheets of invasive squamous cell carcinoma; F. IHC for p63 showing intense
immunoreactivity; G. NBl image showing dilated tortuous blood vessels; H. Hematoxylin and eosin stained slide of the patient (G), 4x, showing small
cell carcinoma; I. Hematoxylin and eosin stained slide of the patient (G),10x, showing small cell carcinoma beneath ciliated columnar epithelium

article by Zaric et al. [13] that mentions about the
relation between different NBI vascular patterns
and histology of lung cancer. The majority of clini-
cal research on NBI technology has been in gastro-
endoscopy. This is due to difference in the luminal
vascular anatomy of the airway and digestive tract.
The vascular supply of the gastrointestinal tract
has an extensive intramural distribution which
is well developed with plexuses in the different
layers of the bowel wall [14]. The architecture of

this prominent vascular network gets distorted
in various pathological conditions, which gets
detected relatively easier and in a much better
way with the use of additional digital imaging
technologies like NBI. Various studies in different
gastrointestinal pathologies reveal the diagnostic
accuracy and relationship of NBI patterns with
the histologic diagnosis [15-17]. Unlike these
studies, we did not find any relation between the
NBI image of airway lesions and histology.
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Table 2. Sensitivity, specificity, positive predictive value, negative predictive value of various vascular patterns observed
on NBI in diagnosis of histological subtypes of lung cancer

Sensitivity Specificity Positive Negative Fischer's exact test
predictive value predictive value P value

Dilated tortuous in squamous 61% 53.8% 64.7% 50% 0.48
cell carcinoma
Dotted pattern in squamous 1% 92% 66.67% 42.8% 1
cell carcinoma
Dilated tortuous for 42.8% 41.6% 17.64% 71.4% 0.67
adenocarcinoma
Dotted pattern for 14.2% 91.6% 33.33% 78.57% 0.54
adenocarcinoma
Dilated tortuous pattern 50% 45.8% 17.64% 78.57% 1

in small cell carcinoma

In a recent interesting study on mixed-type
early gastric cancers, a fine network pattern was
seen in differentiated-type-predominant and
a corkscrew pattern was seen in undifferentiated-
-type-predominant mixed-type lesions [18]. The
authors of this study concluded that a combi-
nation of these NBI findings with magnifying
endoscopy and biopsy could actually change the
clinical practice by reducing the number of ad-
ditional surgeries because of incorrect diagnosis
based solely on histology. Although the utility
of NBI in detecting precancerous and cancerous
lesions in the airways has been proven, our study
has shown that it performs poorly in predicting
the histology of a cancerous lesion.

We wish to highlight some of the strengths of
this study. Firstly, the labelling of NBI vascular
pattern was based on consensus. Secondly, we
observed a non-specific NBI pattern which affect-
ed the results and conclusions of our study. The
limitations of our paper are also worth mention-
ing. Being a single-centre study, despite observing
many endobronchial lesions during bronchos-
copies, we did not find any NBI abnormality in
significant number of patients. This affected our
actual sample size for the final analysis. Label-
ling of NBI patterns is subjective, so the authors
feel that a large, multicentric study would help
in looking at the reproducibility and variability
of NBI assessment between bronchoscopists and
finding the relevance of these patterns in malig-
nant as well as benign airway lesions.

Conclusions
No relationship exists between vascular

patterns observed on NBI video bronchoscopy
and the histologic type of lung cancer. Any ab-

normality found during bronchoscopy on either
WL or NBI, needs to be adequately sampled for
proper histologic and molecular studies when
suspecting lung cancer. An inconclusive histolog-
ic finding of a biopsy sample showing a specific
NBI pattern does not obviate the need for repeat
tissue sampling.

Conflict of interest

None declared.

References:

1. Bray F Ferlay J, Soerjomataram I, et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;
68(6): 394-424, doi: 10.3322/caac.21492, indexed in Pubmed:
30207593.

2. Shaipanich T, McWilliams A, Lam S. Early detection and
chemoprevention of lung cancer. Respirology. 2006; 11(4):
366-372, doi: 10.1111/j.1440-1843.2006.00860.x, indexed in
Pubmed: 16771906.

3. Wen YH, Zhu XL, Lei WB, et al. Narrow-band imaging: a novel
screening tool for early nasopharyngeal carcinoma. Arch Oto-
laryngol Head Neck Surg. 2012; 138(2): 183-188, doi: 10.1001/
archot0.2011.1111, indexed in Pubmed: 22351866.

4. Kumagai Y, Inoue H, Nagai K, et al. Magnifying endoscopy,
stereoscopic microscopy, and the microvascular architecture
of superficial esophageal carcinoma. Endoscopy. 2002; 34(5):
369-375, doi: 10.1055/5-2002-25285, indexed in Pubmed:
11972267.

5. Yagi K, Nakamura A, Sekine A. Comparison between mag-
nifying endoscopy and histological, culture and urease test
findings from the gastric mucosa of the corpus. Endoscopy.
2002; 34(5): 376-381, doi: 10.1055/s-2002-25281, indexed in
Pubmed: 11972268.

6. Shibuya K, Hoshino H, Chiyo M, et al. Subepithelial vascu-
lar patterns in bronchial dysplasias using a high magnifica-
tion bronchovideoscope. Thorax. 2002; 57(10): 902-907, doi:
10.1136/thorax.57.10.902, indexed in Pubmed: 12324679.

7. Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG.
WHO Classification of Tumours of the Lung, Pleura, Thymus
and Heart. Lyon: International Agency for Research on Cancer,
2015.

8. Chhajed PN, Shibuya K, Hoshino H, et al. A comparison
of video and autofluorescence bronchoscopy in patients at
high risk of lung cancer. Eur Respir J. 2005; 25(6): 951-955,

www.journals.viamedica.pl 35


http://dx.doi.org/10.3322/caac.21492
https://www.ncbi.nlm.nih.gov/pubmed/30207593
http://dx.doi.org/10.1111/j.1440-1843.2006.00860.x
https://www.ncbi.nlm.nih.gov/pubmed/16771906
http://dx.doi.org/10.1001/archoto.2011.1111
http://dx.doi.org/10.1001/archoto.2011.1111
https://www.ncbi.nlm.nih.gov/pubmed/22351866
http://dx.doi.org/10.1055/s-2002-25285
https://www.ncbi.nlm.nih.gov/pubmed/11972267
http://dx.doi.org/10.1055/s-2002-25281
https://www.ncbi.nlm.nih.gov/pubmed/11972268
http://dx.doi.org/10.1136/thorax.57.10.902
https://www.ncbi.nlm.nih.gov/pubmed/12324679

Advances in Respiratory Medicine 2021, vol. 89, no. 1, pages 30-36

10.

11.

12.

13.

36

doi: 10.1183/09031936.05.00012504, indexed in Pubmed:
15929947.

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(2): 194-202, doi: 10.1016/j.lung-
can.2010.04.023, indexed in Pubmed: 20541831.

Shibuya K, Hoshino H, Chiyo M, et al. High magnification
bronchovideoscopy combined with narrow band imaging
could detect capillary loops of angiogenic squamous dysplasia
in heavy smokers at high risk for lung cancer. Thorax. 2003;
58(11): 989-995, doi: 10.1136/thorax.58.11.989, indexed in
Pubmed: 14586056.

Vincent BD, Fraig M, Silvestri GA. A pilot study of nar-
row-band imaging compared to white light bronchoscopy for
evaluation of normal airways and premalignant and malignant
airways disease. Chest. 2007; 131(6): 1794-1799, doi: 10.1378/
chest.06-2794, indexed in Pubmed: 17505042.

Herth FJF, Eberhardt R, Anantham D, et al. Narrow-band im-
aging bronchoscopy increases the specificity of bronchoscop-
ic early lung cancer detection. ] Thorac Oncol. 2009; 4(9):
1060-1065, doi: 10.1097/]TO.0b013e3181b24100, indexed in
Pubmed: 19704335.

Zaric B, Perin B, Stojsic V, et al. Relation between vascular
patterns visualized by Narrow Band Imaging (NBI) videobron-
choscopy and histological type of lung cancer. Med Oncol.

14.

15.

16.

17.

18.

2013; 30(1): 374, doi: 10.1007/s12032-012-0374-x, indexed in
Pubmed: 23275117.

Geboes K, Geboes KP, Maleux G. Vascular anatomy of the
gastrointestinal tract. Best Pract Res Clin Gastroenterol. 2001;
15(1): 1-14, doi: 10.1053/bega.2000.0152, indexed in Pubmed:
11355897.

Kishino T, Oyama T, Funakawa K, et al. Multicenter prospec-
tive study on the histological diagnosis of gastric cancer by
narrow band imaging-magnified endoscopy with and without
acetic acid. Endosc Int Open. 2019; 7(2): E155-E163, doi:
10.1055/a-0806-7275, indexed in Pubmed: 30705947.

Sano Y, Tanaka S, Kudo SE, et al. Narrow-band imaging (NBI)
magnifying endoscopic classification of colorectal tumors
proposed by the Japan NBI Expert Team. Dig Endosc. 2016;
28(5): 526-533, doi: 10.1111/den.12644, indexed in Pubmed:
26927367.

Omori T, Kamiya Y, Tahara T, et al. Correlation between mag-
nifying narrow band imaging and histopathology in gastric
protruding/or polypoid lesions: a pilot feasibility trial. BMC
Gastroenterol. 2012; 12: 17, doi: 10.1186/1471-230X-12-17,
indexed in Pubmed: 22356674.

Horiuchi Y, Tokai Y, Yamamoto N, et al. Additive effect of
magnifying endoscopy with narrow-band imaging for diag-
nosing mixed-type early gastric cancers. Dig Dis Sci. 2020;
65(2): 591-599, doi: 10.1007/s10620-019-05762-9, indexed in
Pubmed: 31367881.

www.journals.viamedica.pl


http://dx.doi.org/10.1183/09031936.05.00012504
https://www.ncbi.nlm.nih.gov/pubmed/15929947
http://dx.doi.org/10.1016/j.lungcan.2010.04.023
http://dx.doi.org/10.1016/j.lungcan.2010.04.023
https://www.ncbi.nlm.nih.gov/pubmed/20541831
http://dx.doi.org/10.1136/thorax.58.11.989
https://www.ncbi.nlm.nih.gov/pubmed/14586056
http://dx.doi.org/10.1378/chest.06-2794
http://dx.doi.org/10.1378/chest.06-2794
https://www.ncbi.nlm.nih.gov/pubmed/17505042
http://dx.doi.org/10.1097/JTO.0b013e3181b24100
https://www.ncbi.nlm.nih.gov/pubmed/19704335
http://dx.doi.org/10.1007/s12032-012-0374-x
https://www.ncbi.nlm.nih.gov/pubmed/23275117
http://dx.doi.org/10.1053/bega.2000.0152
https://www.ncbi.nlm.nih.gov/pubmed/11355897
http://dx.doi.org/10.1055/a-0806-7275
https://www.ncbi.nlm.nih.gov/pubmed/30705947
http://dx.doi.org/10.1111/den.12644
https://www.ncbi.nlm.nih.gov/pubmed/26927367
http://dx.doi.org/10.1186/1471-230X-12-17
https://www.ncbi.nlm.nih.gov/pubmed/22356674
http://dx.doi.org/10.1007/s10620-019-05762-9
https://www.ncbi.nlm.nih.gov/pubmed/31367881



