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Figure 1

Sampile figures of typical bronchoscopy findings illustrating the effect of i-scan image enhancement technique

and differences in vascular patterns. (A—C) A centrally located squamous cell carcinoma in the right main stem bronchus with
high-definition bronchoscopy (A), surface enhancement (i-scan1, B) and the combination of surface and tone enhancement
(i-scan 2, C). (D-F) Different vascular patterns are illustrated. (D) Tortuous or spiral vessels, (E) dotted vessels and (F) abrupt

ending vessels.

visually classified individually by both the bronchoscopist
and the blinded readers of the video’s following the scoring
system categorised as normal, abnormal, suspicious and
tumour.” '* In this scoring system, the following definitions
were used: abnormal is defined as visible area of erythema,
swelling and/or thickening of mucosa, airway inflamma-
tion, fibrosis, trauma or granulation tissue. Suspicious was
scored when nodular, polypoid lesions, irregular mucosa
and/orfocal thickening of subcarina was present. Tumour
is defined as a visible endobronchial tumour and normal
as the absence of any of the above.” '* Vascular abnormal-
ities are scored on vascular pattern following the Shibuya
descriptors: tortuous, dotted and abrupt ending vessels
(figure 1)."" ' This Shibuya classification was slightly modi-
fied; for this study, spiral and tortuous vessel patterns were
grouped as one since differences between these two catego-
ries are difficult to define.

Statistical analysis

With an estimated prevalence of additional lesions in 50%
of the patients,12 15 the power analysis indicated that 130
patients were needed for this diagnostic study.

Patient characteristics are given in means (SD) for
continuous variables and in percentages or counts for cate-
gorical variables. Fisher’s exact tests (two-sided) cross-tab-
ulation tests were used to investigate the correlation
between prospectively assessed tumour sites and the found
vascular lesions, and their histological outcome. Cohen’s
kappa concordance was calculated to assess the interob-
server agreement between prospectively (unblinded) and
retrospectively (blinded) detected tumours and vascular
lesions’ grading and classification. Wilcoxon signed-rank

tests were used to evaluate differences between different
image enhancement techniques in the blinded evaluation.
Analyses were performed using STATA/SE V.11.2 software
(Stata), and p<0.05 was considered statistically significant.

RESULTS

General findings

Of 294 potentially eligible patients, 134 patients were
randomised and included in this study. From these, 8
patients had an incomplete dataset, 14 were shown to have
a benign disease and 5 were diagnosed with a malignant
tumour other than lung cancer (singular cases of mela-
noma, liposarcoma, mesothelioma, lymphoma and papil-
lary adenoma). As a result, 107 patients with proven lung
cancer were analysed (figure 2). Their baseline characteris-
tics are summarised in table 1.

Most lung cancers were located in the upper lobes, and
based on imaging, suspected stage III lung cancer was most
prevalent at the moment of bronchoscopy. The majority
of bronchoscopies were performed under propofol seda-
tion or general anaesthesia (respectively 36% and 26%) or
moderate sedation using 4.7+0.4mg of midazolam (23%).
In 14% of the cases, no sedation was used. In 27% of the
procedures, fluoroscopy guidance was used. The average
study procedure time was 11+0.8min (table 1). Compli-
cations were reported in 10 cases: b patients needed local
application of topical vasoconstrictive agents; no severe
bleeding or pneumothoraxes were reported (table 1). The
visual grading and pathology outcome are summarised in
tables 2 and 3; SqCC and AC were most frequently diag-
nosed. Control biopsy specimens were obtained when
vascular lesions were detected. The pathology results from
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Figure 2 Consort diagram i-scan multicentre trial NCT02285426 (clinicaltrials.gov). *The non-lung cancer diagnosis found
metastasis of melanoma, metastasis of liposarcoma, malignant mesothelioma, pulmonary lymphoma localisation and a

papillary adenoma. The most frequently found reason for exclusion in the screened patients was an alternative explanation
found by CT or positron emission tomography scan for the presumed lung cancer suspected on chest X-ray on referral and

prior radiotherapy treatment involving the central airways.

these control biopsy sites showed normal epithelium in
62%, inflammation in 36% and squamous metaplasia in
2% of the samples (table 3).

HD bronchoscopy visual grade and vascular pattern
characterisation of target tumour area

In the 107 patients with lung cancer, the tumour target
area was judged normal in 40 cases by the (unblinded)

bronchoscopist, which indicates parenchymal localisation
of the tumour beyond the visible part of the central airways
and the subsegmental bronchi. In 56 cases, the target
area was classified as tumour, and in 7 cases the epithe-
lial surface in the target area was classified as suspicious
(table 2). In the tumour target area, 48 vascular patterns
were scored, abrupt ending vessels were most frequently
reported (n=27, 56%) followed by dotted vessels (n=11,
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Table 1 baseline characteristics i-scan multicentre study Table 2 High-definition bronchoscopy findings ° "'~
Baseline characteristics, n=107 N % Secondary
Age (median; range 23-85 years) 67 Target tumour _lesions
o, o,

Gender (female:male) 32:75 30:70 Bronchoscopy outcome N % N %
Performance status Visual grade 106 51

ECOG 1 50 47 Abnormal 3 3 35 69

ECOG 2 12 11 Suspicious 7 7 9 18
Preprocedure evaluation (available imaging prior to Vascular pattern 48 50
bronchoscopy Spiral/tortuousvessel 10 21 38 76

CT thorax 92% pattern

PET-CT 76% Dotted vessels 1 23 9 18
Localisation tumour target lesion AU EIEMY EEEES AT S E :

LUL 30 28 Definitions for visual grade and vascular pattern described in

‘ ’ : H 511-13

LLL 9 8 Methods’ section and in refs.

RUL 45 42 . .

v abrupt ending vessels were more often detected in SqCC
L i 9 but no significant correlation was reached between vascular
RLL 18 17 pattern and subtype of NSCLC (p=0.116).

Clinical TNM stage (v7) prior to bronchoscopy
la 16 15 HD bronchoscopy visual grade and vascular pattern
Ib 8 8 characterisation of central airways
lla 10 9 Besides the tumour targets, 51 additional lesions were
b 3 3 detected in 35 patients by the bronchoscopist not detected
by the CT and/orpositron emission tomography (PET)
lla 40 37 scans. In 22 patients, one additional lesion was detected; in
liib 7 7 10 patients two, and in 3 patients three additional, anatom-
Y 23 22 ically separated, lesions.
Bronchoscopy details The visual grade classification of these lesions was
Sedation for bronchoscopy graded as normal.m 4 cases, abnormal in 35, suspicious in
9 and as tumour in 3 cases (table 2). Pathology outcome
hieng 2 14 of the additional lesions detected is available for all 51
Midazolam (mean dose: 25 23 lesions and listed in table 3, and vascular pattern charac-
4.72+0.4mg, range 1.3-9.0mg) terisation is reported in 50 lesions (table 2).
Propofol 39 36 Pathology outcome was grouped in two categories:
General anaesthesia 28 26 normal to moderate dysplasia (low-risk/normal) and
Study procedure time (min) 11+0.8 severe dyspla}sia- to invasive .carcinoma (high-risk/
Use of fl 29 o7 invasive). A significant correlation was found between
€0 . uc?roscopy vascular pattern and outcome (p<0.001, table 5).
Complications 10 9 Non-target lesions with spiral/tortuous vessel pattern
Haemorrhage needing topical 5 4.7 were significantly more frequent in the benign group
agents whereas abrupt ending vessels were only detected in the
Severe haemorrhage 0 0 high-grade dysplasia to invasive carcinoma group.
Dyspnoea 1 0.9

ECOG, Eastern Cooperative Oncology Group; LLL, left lower lobe;
LUL, left upper lobe; ML, middle lobe; PET, positron emission
tomography; RLL, right lower lobe; RUL, right upper lobe; TNM,
tumour, node, metastases.

23%) and spiral or tortuous vessel (n=10, 21%, figure 1,
table 2). No clear correlation could be detected between
vascular pattern and histology outcome in the entire group
(p=0.339, table 4). When focusing on the AC versus SqCC,

Correlation between blinded and unblinded evaluation and
differences between image enhancement settings

As described in the ‘Methods’ section, the bronchoscopist
responsible for the diagnostic procedure inspected the
bronchial tree with all three imaging modes in random
order (to avoid systematic scope lesions) and subse-
quently sampled all abnormal lesions and performed
all diagnostic procedures as indicated and following
local protocol. Four readers blinded for all patient and
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Table 3 Bronchoscopy pathology outcome

Target tumour

Secondary lesions Control biopsies

Bronchoscopy pathology outcome N % N % N %
Pathology outcome 107 51 53
Normal - - 15 29 33 62
Inflammation - - 17 338 19 36
Hyperplasia - - 2 4 - -
Squamous metaplasia - - 3 6 1 2
Mild dysplasia - - 3 6 - -
Moderate dysplasia - - 0 0 - -
Severe dysplasia - - 1 2 - -
CIS - - 1 2 - -
Invasive carcinoma 107 100 9 18 - -
NSCLC—SqCC 43 40 1 2 - -
NSCLC—AC 39 36 7 14 - -
NSCLC—LCNOS 5 5 — — - —
LCNEC 2 2 - - - -
SCLC 11 10 - - - -
Typical carcinoid 6 6 - - - -
Mucoepidermoid cell carcinoma 1 - - - -
LGSDC* - - 1 2 - -

*Published as case report.'®

AC, adenocarcinoma; CIS, carcinoma in situ; LCNEC, large cell neuroendocrine carcinoma; LCNOS, large cell not otherwise classified;
LGSDC, low-grade salivary duct cell carcinoma; NSCLC, non-small cell lung cancer, SCLC, small cell lung cancer; SqCC, squamous cell

carcinoma.

procedure-related information retrospectively analysed
the videos of the bronchoscopy in random order and
scored all abnormalities independently.

The interobserver analysis summarised in table 6 shows
excellent correlation on the visual grade classification
(Cohen’s kappa >0.6) for all imaging modalities and
poor to moderate correlation on the vascular pattern
classification (Cohen’s kappa >0.2, table 6).

Table 4 Correlation between vascular pattern and
pathology outcome of the target tumour lesions (n=48
lesions with vascular patterns classified)

Target tumour vascular

lesions (n=48) Vascular pattern

Spiral/ Abrupt
Pathology outcome tortuous Dotted ending
Adenocarcinoma 5) 4 4
Squamous cell carcinoma 3 4 14
LCNOS 1 1 1
SCLC 1 2 4
Typical carcinoid 0 0 4

Fisher’s exact testing is not significant: p = 0.339. No vascular
pattern classification available of the mucoepidermoid cell
carcinoma (n = 1) and LCNEC’s (n = 2).

LCNEG, large cell neuroendocrine carcinoma; LCNOS, large cell
not otherwise classified; SCLC, small cell lung cancer.

In the blinded evaluation, less lesions were reported
using SE imaging mode (i-scanl, p=0.0353, table 7) and
significantly more vascular lesions using SE+TEimaging
mode (i-scan2, p=0.0050) were reported compared
with the HD setting. Visual grade classification was not
different between the different settings. Overall the
total number of lesions detected with visual grading
and vascular pattern classification was not significantly
different between blinded and unblinded reading
(p=0.0631and 0.1489, respectively).

Clinical impact of detected additional lesions
In 11 lesions found in nine patients (21.6% and 8.4%,
respectively), a clinically relevant diagnosis was obtained

Table 5 Correlation between vascular pattern and
pathology outcome of second, anatomically separated
lesions detected (n=48 classified lesions)

Secondary vascular lesions

(n=51) Vascular pattern

Spiral/ Abrupt
Pathology outcome tortuous Dotted ending
Normal — Moderate dysplasia 36 4 0
Severe dysplasia - Invasive 3 5 3
carcinoma

Fisher’s exact testing shows a significant relation; p = 0.000.
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Table 6 Cohen’s kappa interobserver agreement (+SE)

HD+ SE (i-scan1) SE+TE (i-scan2)

Kappa P values Kappa P values Kappa P values
Visual grade 0.616+0.073 0.0000 0,631+0.078 0.0000 0.683+0.094 0.0000
Vascular pattern 0.261+0.084 0.0010 0.228+0.101 0.0119 0.303+0.071 0.0000

HD+, high-definition bronchoscopy; SE, surface enhancement; TE, tone enhancement.

from an anatomically distinct location. Pathology
outcome in these lesions ranged from severe dysplasia
(n=1) to invasive malignancies (AC (n=7), SqQCC (n=1),
carcinoma in situ (n=1) and low-grade salivary duct cell
carcinoma (n=1))"'® (table 3). In two patients, this finding
resulted in additional treatments with curative intend, in
one patient proof of stage IV due to contralateral pulmo-
nary metastasis was obtained preventing additional diag-
nostic procedures. In the remaining six patients, tumour,
node, metastases (TNM) stage was influenced but disease
stage not altered, mostly since stage IV disease was diag-
nosed based on extrapulmonary metastases. Details of
these individual patient characteristics and findings are
listed in table 8.

DISCUSSION
This investigator-initiated, randomised, controlled, cross-
over, multicentre study shows that i-scan image enhance-
ment technology in diagnostic bronchoscopy readily
detects vascular patterns in airway epithelial layer. In
this study, approximately half of the patients presented
with endobronchial visible tumours. Additional lesions
were detected with HD+ bronchoscopyand image
enhancement techniques in one-third of all patients.
From these detected lesions, 22% had a clinical relevant
pathology outcome, potentially influencing treatment.
These lesions were found in 8.4% of the patients and
altered treatment or prevented additional procedures in
3%. A significant correlation was found with pathology
outcome and independently classified vascular pattern
for additional lesions. Abrupt ending vessels and dotted
vessel patterns are indicative for high-grade preinvasive
or invasive malignancy. Characterisation of the vascular
patterns on the visible tumours did not reach signifi-
cance to differentiate but abrupt ending vessels were
more frequently found in SqCC.

Zaric found a correlation between dotted vessels and
AC, and abrupt ending and tortuous vessels and SqCC

in 65 patients with endobronchially visible tumours
using NBL."® Our study confirms that in SqCC abrupt
ending vessels are more frequently found but dotted
vessels were equally scored in AC and SqCC. Compared
with the study by Zaric,”” our group with visible
NSCLC’s was smaller since we studied all patients with
suspected lung cancer and did not limit inclusion to
central tumours only. Furthermore, we had a relatively
high number of carcinoids and small cell carcinomas
which may explain this discrepancy. Another expla-
nation may be that all earlier studies used a consen-
sus-based classification of vascular patterns whereas in
our study experienced bronchoscopists independently
classified the found patterns (unblinded using all image
enhancement settings in random order per patient at
the different study centres and blinded in randomised
order in the central reading). The low interobserver
agreement for classification of vascular patterns (kappas
of 0.23-0.26) shows that agreement in classification is
poor despite the experience level. This may be caused
by the fact that often some parts of the tumour appear
to have mixed vascular patterns. Possibly only extreme
presentations with singular dotted or abrupt ending
vessels are more easily classified and mixed patterns are
likely to be judged as tortuous or spiral types. To avoid
human error in classification, an automated algorithm
may be useful but this will require a very large dataset
of images with known pathology outcome. The present
dataset does not allow such an automated evaluation
(unpublished observation). There is no principal tech-
nological argument in favour or against superiority of
NBI or i-scan over the other. Although in pulmonology
more studies have been published using NBI compared
with i-scan, in gastroenterology i-scan technology has
been widely established as a tool for optical diagnosis.'®

The detection of additional lesions is clinically relevant.
In one-third of the patients with suspected lung cancers,
additional lesions were detected. In our study in 8.4% of

Table 7 Wilcoxon signed-rank test i-scan1 and i-scan2 compared with high-definition (HD+) bronchoscopy and blinded
randomised evaluation compared with unblinded primary evaluation in randomised order

SE (i-scan1) vs HD+

SE+TE (i-scan2) vs HD+

Blinded vs unblinded

Y4 P values z P values V4 P values
Visual grade 1.092 0.2747 -0.031 0.9755 -1.859 0.0631
Vascular pattern 2.105 0.0353 -2.807 0.0050 —-1.443 0.1489
SE, surface enhancement; TE, tone enhancement.
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the patients, lesions were detected of high-grade preinva-
sive or invasive nature. This finding second lesions with
clinically relevant pathology was the sole factor affecting
stage and/or treatment in 3% of these patients. This
finding supports the results of a study by van Boerdonk®
in which patients with high-grade dysplasia were carefully
followed using CT and AFB. Surveillance of 164 subjects
with preinvasive lesions detected 61 lung cancers in 55
subjects after 16.5 months (median). In total, 38% of
those were detected by CT, and 62% were detected by
AFB and 60% of the cancers developed from separate,
rather than initial lesion sites.”

In our study, the majority of patients where additional
high-grade preinvasive or invasive carcinomas were
detected had stage IV disease. However, our findings
support careful full inspection of the airways to remain
mandatory and HD+ image enhancement techniques will
aid the detection and biopsy of such additional lesions.
Follow-up bronchoscopy may be considered in selected
cases and is indicated in high-grade premalignant
lesions.” ® ''* With this study we do not advocate a role
for HD+ bronchoscopy in lung cancer screening since
the clinical relevance is too low. For daily use the ability
to see and compare different settings of image enhance-
ment techniques simultaneous seems the optimal setting
but this cannot be established in this study.

STUDY LIMITATIONS

One of the limitations of this study is that the endos-
copist was unblinded for the different settings and had
to determine which lesions to biopsy. Therefore, when
the blinded readers detect additional lesions, biopsy
samples were available only when the initial endoscopist
also had detected this lesion. In the blinded evaluation,
the combined SE and TE (i-scan2) mode significantly
more synchronous lesions were detected (p=0.005) and
using SE significantly less compared with HD+ bronchos-
copyalone (p=0.0353). However, in the interobserver
analysis we found no significant differences between
the blinded and unblinded detection rates. Combining
multiple imaging modes may in fact decrease the number
of false positives as described using AFB but our study
cannot answer this question.

Afurther limitation in the design of this study is that the
used EB1990i HD+ bronchoscope has a working channel
of 1.2mm for which no disposable biopsy forceps was
available. Therefore, for taking biopsies and all additional
diagnostic procedures the bronchoscopy was continued
after switching to a normal WLB. This may have resulted
in suboptimal biopsy forceps positioning and sampling
since small lesions may have been more difficult to detect
without the HD+ image.

Finally, we show that the interobserver agreement for
vessel pattern classifications is low. Previous studies'' ™"
all used consensus-based classification which does not
resemble everyday practice. Before the start of the study,
all involved bronchoscopists were trained in the different

vascular patterns and sample figures were included in
the case report file for reference. However, given this
low interobserver agreement and the fact that vessel
patterns may not be uniformly present over the total
surface of tumours, human error in classification will
be of influence. In the gastroenterology, the need for
better classification was also recognised'® and training
has been underlined.!® ' In our experience, the use of
simultaneous dual image viewing of both i-scanl and
i-scan2 (available on top-end video processors) is the
optimal mode for rapid and thorough evaluation and
classification.

In conclusion, this multicentre randomised controlled
study shows that i-scan image enhancement HD+ bron-
choscopyreadily detects centrally located tumours and
detects additional lesions in approximately one-third of
the patients with lung cancer. In a considerable number
of patients (8%), these additional findings had clinical
relevant pathology outcome and was the only factor to
change stage and treatment in 3% of the patients. Abrupt
ending or dotted vessels on these additional lesions are
indicative of malignant behaviour and biopsies should be
taken. Our findings support the importance of careful
evaluation of the airways and addressing vessel characteri-
sation as reported in earlier studies using NBI imaging'' *
but also shows that this classification is challenging and
the interobserver agreement for vascular pattern classifi-
cation is low. Additional training for correct classification
of vascular patterns is strongly advised.

In all patients with suspected lung cancer, the central
airways should be carefully inspected and the use of
HD+ bronchoscopes with image enhancement tech-
niques helps detecting additional lesions which may
influence treatment and follow-up strategy in a small
subset of patients.

Acknowledgements The authors thank Priya Vart, PhD, assistant professor
biostatistics at the Department of Epidemiology, Biostatistics and Health Evidence
at Radboudumc Nijmegen for his advice and his statistical analysis. Tom Jansen
MSc, Carlijn Tenbergen MSc and prof Ferdi van der Heijden from the Department of
Robotics and Mechatronics and Medical Applications University of Twente, faculty
Technical Medicine Enschede, The Netherlands, for their help and advice in this
project in our attempts to develop an automated vascular pattern classification. Dr
Irina Tabanakova MD, PhD, co-investigator at the St-Petersburg Research Institute
of TB and Thoracic Surgery Center of Thoracic Surgery, Ligovsky str 2-4 Saint-
Petersburg, Russia, for her help in collecting patient data. Finally, Linda Garms,
clinical research coordinator at Radboudumc Nijmegen, the Netherlands, for her
support and trial coordination.

Contributors The study concept was initiated by EHFMvdH. The design of this
study was critically reviewed by EHFMvdH, PC, IV, 0CJS and WH. The manuscript
was drafted by EHFMvdH and he is the corresponding author for this work. All
authors have critically revised the data and the interpretation thereof, revised the
manuscript and approved its intellectual content, and the accuracy of integrity of
the work investigated. All authors have acquired patient data.

Funding Unrestricted research grants and support from Ankie Hak foundation,
Pentax Medical Systems Europe and Radboud Oncology Fund.

Competing interests EHFMvdH reports unrestricted research grants from
Ankie Hak Foundation, Pentax Medical Europe, and Radboud Oncology Fund
during the conduct of this study. Outside the content of the submitted work
EHFMvdH reports personal fees from Pentax Medical, grants and other from
Astra Zeneca Oncology, other from MSD oncology, grants from Philips Medical
Systems, non-financial support from Medtronic. WH reports grants from Insmed
Incorporated, non-financial support from Novartis, personal fees from Insmed
Incorporated.

van der Heijden EHFM, et al. BMJ Open Resp Res 2018;5:6000295. doi:10.1136/bmjresp-2018-000295 9

“1ybuAdoo Aq parosiolid 1sanb Aq 6T0Z AINC 9T Uo Jwod fwg saidsaluadolwgy/:dny wol) papeojumod "8T0Z AeN 8T U0 G62000-8T0Z-dsallwg/9sTT 0T St paysiignd 1sJ1) :say dsay uado NG


http://bmjopenrespres.bmj.com/

Open Access @

Patient consent Not required. 7. Wisnivesky JP, Yung RC, Mathur PN, et al. Diagnosis and treatment
Ethics approval The study was approved by Central Medical Etical committee Coniral aways: Diagnosis and management of lung cancer, 1
Numegen, I(_)(_:al medical ethical committee boards and registered in clinicaltrials.gov ed: American College of Chest Physicians evidence-based clinical
under identifier NCT02285426. practice guidelines. Chest 2013;143:e2635-e77S.
Provenance and peer review Not commissioned; externally peer reviewed. 8. van Boerdonk RA, Smesseim |, Heideman DA, et al. Close
. ) . Surveillance with Long-Term Follow-up of Subjects with
Data shgrmg statemept A!I‘relevant and obtained data are prgsented in this Preinvasive Endobronchial Lesions. Am J Respir Crit Care Med
manuscript. For further inquiries please contact the corresponding author. 2015;192:1483-9.
Open Access This is an Open Access article distributed in accordance with the 9. Shibuya K, Hoshino H, Chiyo M, et al. High magnification
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which bronchovideoscopy combined with narrow band imaging could
permits others to distribute, remix, adapt, build upon this work non-commercially, detect capillary loops of angiogenic squamous dysplasia in heavy
and license their derivative works on different terms, provided the original work is smokers at high risk for lung cancer. Thorax 2003;58:989-95.
properly cited and the use is non-commercial. See: http://creativecommons.org/ 10. Shibuya K, Hoshino H, Chiyo M, et al. Subepithelial vascular
licenses/by-nc/4.0/ patterns in bronchial dysplasias using a high magnification
bronchovideoscope. Thorax 2002;57:902-7.
© Article author(s) (or their employer(s) unless otherwise stated in the text of the 11. Shibuya K, Nakajima T, Fujiwara T, et al. Narrow band imaging with
article) 2018. All rights reserved. No commercial use is permitted unless otherwise high-resolution bronchovideoscopy: a new approach for visualizing
expressly granted. angiogenesis in squamous cell carcinoma of the lung. Lung Cancer
2010;69:194-202.
12. Herth FJ, Eberhardt R, Anantham D, et al. Narrow-band imaging
bronchoscopy increases the specificity of bronchoscopic early lung
REFERENCES cancer detection. J Thorac Oncol 2009;4:1060-5.

1. Chen W, Gao X, Tian Q, et al. A comparison of autofluorescence 13. Zaric B, Perin B, Stojsic V, et al. Relation between vascular
bronchoscopy and white light bronchoscopy in detection of lung patterns visualized by Narrow Band Imaging (NBI)
cancer and preneoplastic lesions: a meta-analysis. Lung Cancer videobronchoscopy and histological type of lung cancer. Med
2011;73:183-8. Oncol 2013;30:374.

2. SunJ, Garfield DH, Lam B, et al. The value of autofluorescence 14. Kodashima S, Fujishiro M. Novel image-enhanced endoscopy with
bronchoscopy combined with white light bronchoscopy compared i-scan technology. World J Gastroenterol 2010;16:1043-9.
with white light alone in the diagnosis of intraepithelial neoplasia 15. van der Heijden EH, Hoefsloot W, van Hees HW, et al. High definition
and invasive lung cancer: a meta-analysis. J Thorac Oncol bronchoscopy: a randomized exploratory study of diagnostic
2011;6:1336-44. value compared to standard white light bronchoscopy and

3. Zhang J, Wu J, Yang Y, et al. White light, autofluorescence and autofluorescence bronchoscopy. Respir Res 2015;16:33.
narrow-band imaging bronchoscopy for diagnosing airway pre- 16. East JE, Vleugels JL, Roelandt P, et al. Advanced endoscopic
cancerous and early cancer lesions: a systematic review and meta- imaging: European Society of Gastrointestinal Endoscopy (ESGE)
analysis. J Thorac Dis 2016;8:3205-16. technology review. Endoscopy 2016;48:1029-45.

4. Ikeda N, Honda H, Hayashi A, et al. Early detection of bronchial 17. Travis WD, Brambilla E, Burke AP, et al. Introduction to The 2015
lesions using newly developed videoendoscopy-based World Health Organization classification of tumors of the lung,
autofluorescence bronchoscopy. Lung Cancer 2006;52:21-7. pleura, thymus, and heart. J Thorac Oncol 2015;10:1240-2.

5. Lee P, Brokx HA, Postmus PE, et al. Dual digital video- 18. Visser NC, van der Heijden EH, van Herpen CM, et al. Low-
autofluorescence imaging for detection of pre-neoplastic lesions. grade salivary duct carcinoma in the bronchus. Histopathology
Lung Cancer 2007;58:44-9. 2016;68:758-60.

6. Divisi D, Di Tommaso S, De Vico A, et al. Early diagnosis of lung 19. Dumas C, Fielding D, Coles T, et al. Development of a novel image-
cancer using a SAFE-3000 autofluorescence bronchoscopy. Interact based program to teach narrow-band imaging. Ther Adv Respir Dis
Cardiovasc Thorac Surg 2010;11:740-4. 2016;10:300-9.

10 van der Heijden EHFM, et al. BMJ Open Resp Res 2018;5:6000295. doi:10.1136/bmjresp-2018-000295

‘ybLAdoo Ag pajoalold 1sanb Ag 6T0Z AInc 9T uo Jwod [wg saidsaiuadolwqy/:dny woly papeojumod ‘8T0Z AN 8T U0 G62000-8T0Z-dsallwg/9eTT 0T Se paysiignd 1sii :say dsay uadQ rINg


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.lungcan.2010.12.002
http://dx.doi.org/10.1097/JTO.0b013e318220c984
http://dx.doi.org/10.21037/jtd.2016.11.61
http://dx.doi.org/10.1016/j.lungcan.2005.11.009
http://dx.doi.org/10.1016/j.lungcan.2007.04.009
http://dx.doi.org/10.1510/icvts.2010.242123
http://dx.doi.org/10.1510/icvts.2010.242123
http://dx.doi.org/10.1378/chest.12-2358
http://dx.doi.org/10.1164/rccm.201504-0822OC
http://dx.doi.org/10.1136/thorax.58.11.989
http://dx.doi.org/10.1136/thorax.57.10.902
http://dx.doi.org/10.1016/j.lungcan.2010.04.023
http://dx.doi.org/10.1097/JTO.0b013e3181b24100
http://dx.doi.org/10.1007/s12032-012-0374-x
http://dx.doi.org/10.1007/s12032-012-0374-x
http://dx.doi.org/10.3748/wjg.v16.i9.1043
http://dx.doi.org/10.1186/s12931-015-0193-7
http://dx.doi.org/10.1055/s-0042-118087
http://dx.doi.org/10.1097/JTO.0000000000000663
http://dx.doi.org/10.1111/his.12789
http://dx.doi.org/10.1177/1753465816644166
http://bmjopenrespres.bmj.com/

