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Outline

* Introduction of bronchoscopy

* Introduction of endobronchial ultrasound (EBUS)
— Radial-probe endobronchial ultrasound (RP-EBUS)
— Covex-probe endobronchial ultrasound (CP-EBUS)
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& History of Bronchoscopy

1876 Gustav
Killian

— Remove a pork bone and three other foreign bodies from the
main bronchi by laryngoscope
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1895 Alfred |_Visualization of the vocal cords and proximal large airways by
Kirstein esophagoscope.

v Anaesthesia, 1986, Volume 41, pages 4245
Becler HD et al. J Bronchol 2:77-83, 1995
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& History of Bronchoscopy

1904 Chevalier += First rigid Bronchoscopy (consisted of an illumination and
Jackson suction tubing attached to a rigid esophagoscope )

1966 Shigeto
lkeda

V Jackson C. The Laryngoscope Company; 1907
lkeda S et al. Keio J Med 17:1-16, 1968
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Airway Morphology

 Many pathologies of the airway involve the
bronchial wall and the parabronchial structures

 Limited to the lumen and the internal surface of the
airway

Felix et al. Eur Radiol (2007) 17: 1806-1812
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Exceptional Imaging
Only a Videoscope Can Offer
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AFI
(Auto-Fluorescence Imaging)

Autofluorescence Narrow band
Imaging imaging

Marco Andolfi et al. J Thorac Dis. 2016 Nov;8(11):3329-3337.
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System Configuration

_Video Processo — B&W CCD
G
L \C A0 o gt Fiter
AF Image g W\ F (500-630nm)

G:;540-560nm
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Xenon Lamp
RGB Rotary Filter

— Mucosa

Ex; 390-470nm

Light Source Unit
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e AFI Color Tone
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~ Therapeutic Respiratory Endoscopy

* Endobronchial management

Cryotherapy APC Stent

Laser
Photodynamic therapy
Rigid bronchoscopy

Electrosurgery

Balloon dilatation From NTUCC
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Types of Bronchoscopy

Generation

trachea 15-20 mm

bronchi 10-15 mm

Ultrathin Thin Conventional

Conductiong zone

3mm 4 mm 5mm 6 mm

alveolar
ducts

Transitional and
Respiratory zones
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Instrument Channel Outlet

Distal End of Bronchoscopy

(0 N1y Gancen Cevren
Up Light-guide Lens
Right Left
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Down
W E IR (mm) | i fd 3R vk R Working channel
(mm)
BF-Q290 4.8 4.9 2.0 [t e
BF-1TQ290 5.9 6.0 3.0 Fe® Al
BF-H290 6.0 5.7 2.0 % 3 ’Eﬁ
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Outline

* Introduction of bronchoscopy

* Introduction of endobronchial ultrasound (EBUS)
— Radial-probe endobronchial ultrasound (RP-EBUS)
— Covex-probe endobronchial ultrasound (CP-EBUS)
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@ Endobronchial Ultrasonography (EBUS)

Convex probe

| Radial probe Mini-probe Linear probe

From olympus company
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" Peripheral intrapulmonary lesions

® Transbronchial biopsy (TBB) often performed for
peripheral intrapulmonary lesions

® For small and distal lesion

— CT guidance bronchoscopy

— Percutaneous needle aspiration: pneumothorax, air embolism,
tumor seeding

White et al. Chest 2000;118,1630-1638
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Table 4—Comparison Between Sensitivity, Specificity,
Predictive Values, and Accuracy Observed in a Subset
of Study and Control Groups: Patients With Lesions
< 3 cm in Diameter*

Physician

Variables EBUS-TBB (n+ 47) TBB (n+ 58) p Value

Sensitivity 75 (60-90) 30.7 (16.3-45.3)  0.0002
Specificity 100 100 NS
NPV 65.2 (46.2-84.3) 41.3 (1.4-69.2) NS
PPV 100 100 NS
Accuracy 83 (72.2-93.7) 53 (40.6-66.3) 0.001

*Data are presented as % or % (95% CI). See Table 1 for expansion
of abbreviation.

£ |m»n
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UIN M mal

Paone et al. Chest 2005;128:3551-3557
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The Location of the Probe

Within Adjacent to

Noriaki et al. Chest 2004:126:959-965


RP-EBUS location (within and adjacent to).mp4
RP-EBUS location (within and adjacent to).mp4

!!!!!!!!!!!!!!!

Problem of EBUS Radial Probe

Not Real Time !!
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Ultra-miniature probe use guide

sheath

within adjacent to
location of the probe | brushing (140) | TBB (110) | total (140)
within (121) | 81/121 (67%) | 79/96 (82%) |105/121 (87%)
adiacentto (19| 7/19(37%) | 1/14 (0% | 8/19 (42%)

Noriaki et al. Chest 2004,;126,;959-965



"® The Process of Transbronchial Blopsy
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Advantage of EBUS-GS

The position of lesions can be accurately
determined

Forceps can be introduced any number of times
to the same bronchial segment

The internal structure of lesions can be
analysed

There is very little post-transbronchial biopsy
bleeding

Noriaki et al. Endobronchial ultrasonography
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EBUS-GS Kits

K201, 2.0mm 1.7mm UM-S20-17S BF-260, BF-Q290, *» % # | »
K202 BF-P260F, BF-  # % B~{8 &_
P290 594 Y

K203, 2.6mm 2.0mm UM-S20-20R BF-1T260, BF- Guide sheath

K204 1TQ290 A o % iF
REFATE
(B1, B6)# %
I
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EBUS-GS Kits

* 3 components

e | r Guide sheath
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End of the
sheath

Transducer




( ) NTU Cancer CENTER

HUBESASESR FRPOER

Diagnostic Accuracy of EBUS-TBB

95 500
90 -
[ No. of procedures
85 - —@= Diagnostic yield - 400
SHER 3
o £ 300 2
2 75 - o
B 70 - -
0 b
= - 200 ©
@ | =]
il - 100
85 -
D I I I [ T I | T D
2008 2009 2010 2011 2012 2013 2014 2015
Year
Fig 1. Diagnostic yield and case No. of endobronchial ultrasound-guided transbronchial biopsies over the study
period.

Chun-Ta Huang et al. Plos One. 2017 Jun 20;12(6):e01797189.
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How interventional pulmonologist think?

Navigation Confirmation Acquisition

Manual mapping

Virtual Bronchoscopy (VB)
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ENB

Ultrathin Bronchoscopy

ROSE

Cryobiopsy

Roberto F. Casal. J Bronchol Intervent Pulmonol Volume 25,
Number 4, October 2018
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: v Rapid on-site cytologic evaluation (ROSE)

A
AL P

Osp,

Diagnostic P

Variable
yield (%)
ROSE Mon-ROSE
g roup Sroup

Total TH/B86 (BB.4) 1707250 (68) = 0.001*
Biopsy times®

= 4 T4/81 (91.4) 1475194 (75.8) 0.003*

| 2/5 (40) 23756 (41.1) 0.963
Indication®

Initial diagnosis S7/65 (87.7) 162/227 (71.4) 0.007*

Re-biopsy 19/21 (90.5) B8/23 (34.8) =0.001*
TOmor size:

= 3 cm 49753 (92.5) 1137154 (73.4) 0.004*

= 3 cm 27733 (81.8) 57/96 (59.4) 0.020*
'Sion pattern.

Solid G6aSTS (BB) 161,233 (69.1)y 0.001*

Part-solid 1011 (90.9) 917 (52.9) 0.036*
Bronchus sign.

Presence G5/ (90.3) 1477204 (F2.1) 0.002*

Absence 11714 (78.6) 23/46 (50) 0.059
Pleural effusion contact’

Presence 2/3 (66.7) 10715 (66.T) 1

Absence T4/83 (89.2) 1607235 (68.1) =0.001*
Lobe®

Upper lobe 37742 (88.1) T9/119 {66.4) 0.o007*

Mon-upper 39744 (BB.6) 91/131 (69.9) o.012*
Position of probe”

Wit hin F2/80 (90) 148,212 (69.8) =0.001*

Adjacent to 46 (66.F) 22/38 (57.9) 0.685
Echogenicity'

Heterogeneous <48/49 (98.0) 117/154 (¥6.0) 0.001*

Homoge nous 2BS3IF(T5.7) 53/96 (55.2) 0.030*

Lin CK et al. ] Formos Med Assoc. 2020 Jan 18.
pii: S0929-6646(20)30005-X.
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~ Virtual Bronchoscopic Navigation (VBN)

"
Br3 40 M 03/02/2017 11:08:25
e

L

 EBUS-GS-TBB at RB6a: no malignancy
 Wedge resection:

1. Chronicinflammation with fibrosis and microcalcifications.

2. Granulomatous inflammation
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% Fluoroscopy guided bronchoscopy

* Real-time X-ray image
— Localization of the
forceps and brush

* Disadvantage:
— Radiation
— Difficult to visualize in
some lesion

* Behind the
mediastinum or
diaphragm

* |ll-defined opacities

e Small lesions

Z 7 " From 5 = /ﬁ?ﬁﬁ” ,L;'/gf/”;%

Clinton L. Cummings, et al. J Natl Med Assoc. 1982 Mar;74(3):239-41.
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Cone-beam CT

* Moving C-arm =2 submillimeter isotropic reconstruction in a
large anatomic region

* “Mnavigation and diagnostic yield
* finding of intra-procedural atelectasis

# 7t From 2 = g ¥ R
Roberto F. Casal, et al. J Thorac Dis 2018;10:6950-6959.
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RP-EBUS

* Group A: R-EBUS
* Group B: EBUS-GS
* Group C: EBUS-GS+Fluoroscopy

* Group D: VBN+EBUS-GS+Fluoroscopy

Group Number of patients Number of patients with | Diagnostic
enrolled definitive diagnosis yield (%)

Group A 26 16 62

GroupB 45 34 76

Group C 11 9 82

GroupD 12 11 92

Huang Haidong et al. J Cancer. 2017,8:3514-3521.
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Case 1 Case 2 Case 3

From NTUCC
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How interventional pulmonologist think?

Navigation Confirmation Acquisition

Manual mapping

Virtual Bronchoscopy (VB)
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ENB

Ultrathin Bronchoscopy

ROSE

Cryobiopsy

Roberto F. Casal. J Bronchol Intervent Pulmonol Volume 25,
Number 4, October 2018
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Outline

* Introduction of bronchoscopy

* Introduction of endobronchial ultrasound (EBUS)
— Radial-probe endobronchial ultrasound (RP-EBUS)
— Covex-probe endobronchial ultrasound (CP-EBUS)
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Endobronchial Ultrasound-Guided

" Transbronchial Needle Aspiration (EBUS-TBNA)
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/
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EBUS elastography

* Backgrounds:

 The imaging equivalent of
the “palpation”

* An objective
determination of hardness
between normal and
diseased tissues

Soft

Christoph F. et al. Endosc
Ultrasound 2015;4:176-90.
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leferentlatmg malignant and benign LNs using
EBUS elastography

Methods:

Tvog L Type II: Part

Benign process | blue, part non-
Aon-oiue blue

Tvuno Il

Malignancy

plue

Lin et al. ] Formos Assoc. 2019 Jan;118(1 Pt 3):436-443.
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19G TBNA Needle
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Lymph Node Staging in Lung
Cancer

S R TABLE 1. Comparison of Invasive Staging Modalities of the
@ 1 Highest Mediastinal Mediastinum
@ 2 Upper Paratracheal
@ 3 Prevascular and Retrotracheal Method Accessible Nodal Stations
@ 4_Lower Paratracheal L. . .. .
(including Azygos Nodes) Standard mediastinoscopy Superior mediastinal, subcarinal
i gt ot o it WATS Superior mediastinal (right),
Aortic Nodes subcarinal, aortic nodes
@ 5 Subaortic (A-Pwindow) TBNA Superior mediastinal, subcarinal,
@ 6 Pama-aonic (asoonding Conventional N1 nodes
acrta or phronis) — i ] EE-UE. E'L'L'I_Ij_ﬂd
Inferior Medlasllnal Nodes .
8 siiiia CT guided
P ———— EBUS-TBMA
(below carina) EUS-FNA Subaortic, inferior mediastinal,
@ 9 Pulmonary Ligxmant subecarinal
'_" Modes EBU3, endobronchial ultmsu:-nngmph}r EUS-FMA, endoscopic ultmsonography—
O 10-Hiar gmided fine-needls aq:umunn, EBUS-TBMA, endobronchial ulmﬂnnngraphy—gmdnd
@ 11 Interiobar transbmonchial needle aspirtion; TEMA, trarsbronchial needle aspimtion; VATS, video-
@ 12 Lobar azsisted thoracoscople surgery.
@ 13 Segmental
| @ 14 Subsegmental

T e r———n - t— - -

Yasufuku et al. ] Thorac Oncol 2007;2



( ) NTU Cancer CENTER
B L 1

HUBESARESER FRPO

Diagnosis and Management of Lung Cancer, 3rd ed:
American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines

Sensitivity Specificity

CT 55% 81%
PET 77% 86%
EBUS 89% ~100%
EUS 89% ~100%
EBUS/EUS 91% ~100%

CT scanning has limited ability either to rule in or exclude mediastinal metastasis.
PET scanning is more accurate than CT scanning, but tissue biopsy is still required
to confirm PET scan findings. In direct comparison with surgical staging, needle
techniques have emerged as the best first diagnostic tools to obtain tissue. Based
on randomized controlled trials, PET or PET-CT scanning is recommended for
staging and to detect unsuspected metastatic disease and avoid noncurative
resections

Silvestri GA, et al. CHEST 2013;143:e211S—-e250S
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RB3a: adenocarcinoma with
sarcomatoid change
Gr4R LN: adenocarcinoma, metastatic

v

Grl1lLi encrcinoma,
metastatic (N3 (+))
From =~ = g %
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EBUS-TBNA as an initial investigation technique for
suspected lung cancer patients

NSCLC patients

_ B NSCLCpatients 100 — DS

# 100 ] — EBUS-TENA
5

%‘ 75

£ 757 =

E T

2 50+ £ 307

z E HR 0-60 (95% Cl 0-37-0-98), p=0-0382
E HR2-09 (95% (11:38-3-15), p=0-0002 25

5 25+

z
3 L
£

== 0 f t t f T T T T T T 0 T T T T T

0 14 28 42 1) 70 84 98 112 126 140 0 1 2 3 4 5

Days from first outpatient appointment Years from first outpatient appointment

Number at risk Number at risk

M5 50 47 30 17 2 0 ms 5o 22 3 1 1 0
EBUS-TBNA 46 32 1 5 0 0 EBUS-TBNA 46 i 9 3 1 0
Conventional diagnosis  Endobronchial ultrasound- p value
and staging (n=66) guided transbronchial needle
aspiration (n=66)
Investigations per patient 2.39(0-78) 170(072) =(0-0001
Patients diagnosed and staged 8 (12%) 30 (45%) <(0-0001
with one investigation
Avoidable thoracotomiesat1l 13 (76%) 5(29%) 0.035
year
Data are mean (5D) or n (%).

Table 3: Secondary outcomes

Neal Navani, et al. Lancet Respir Med 2015; 3: 282—-89
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Diagnosis of mediastinal TB lymphadenitis
using EBUS-TBNA with rinse fluid PCR

Methods: 2010.04 ~ 2017.07, 21 patients with final diagnosis of TB
lymphadenitis (excluding 219 patients)

Results: ,

90%
80%
70%
60%
S50%

40%

30% -

20%
10%

0%

p<0.001
f 1
15/21
71.4%
12/21
57.1%
Pathology # Rinse fluid (without PCR) Pathology + Rinse fluid (with PCR) re+

Lin et al. ] Formos Assoc. 2019 Jul 31. pii: S0929-6646(18)30856-8.
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Thin Convex Probe Endobronchial

Ultrasound Scope (TCP-EBUS)

B.

ection of view

20°
35°

Number Assessed

~EBUS CP-EBUS

0

N R N Y
R

+ 0.74 1.87 + 1.64
=<0.05

»103:1158—-64
12015;22:20-27
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Case Sharing (peripheral pulmonary lesion)

Pathology: (LB8a lesion)

c-TBNA: no evidence of malignancy
EBUS-TBNA: adenocarcinoma, TTF1(+)

From = = g3 7 o /2
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The clinical application of EBUS-TBNA

AN UNNVERS

* Evaluation of hilar/mediastinal lymph node in
patients with primary lung cancer

— Preoperative LN staging
— Postoperative LN staging
— Restaging of the mediastinum post chemotherapy

* Evaluation of hilar/mediastinal LN in metastatic lung
tumor

* Diagnosis of hilar/mediastinal lymphadenopathy of
unknown etiology

* Diagnosis of mediastinal tumors
* Diagnosis of intrapulmonary tumors

Yasufiuku, Nakajima. Endobronchial Ultrasound guided
Transbronchial Needle Aspiration Manual
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82 Endoscopic ultrasound bronchoscope-guiaea
fine needle aspiration (Eus-B-FNA)

* 64F

EUS-B-FNA: adenocarcinoma

From [~ < r/z%/—?f
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Different TBNA Needle

Beautiful samples,

tissue everywhere.? 9 (0] I ympus
< ".; W ViziShot 2

Medi-Globe s
SonoTip® EBUS Pro Flex  ~#.:¥ g cion

22G Expect Pulmonary 22Ga
Expect Pulmonary 25Ga

After Pass 1

=8 COOK
L—' ECHO-HD-22-EBUS-O

After Pass 18 ECHO-HD-25-EBUS-O




Medi-Globe Boston
GUB-45-18-022 Franseen fine needle

GUB-46-18-022 biopsy tool

COOK
ECHO-HD-22-EBUS-O-C
ECHO-HD-25-EBUS-O-C
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EBUS-Miniforceps Biopsy (EBUS-MFB)

&l &
S/
ITAL "3\%

Osp,

p Value p Value
EBUS-TBNA (%) EBUS-MFB (%) MFB vs TBNA Combined (%) Combined vs TBNA

Overall Yield 60/74 (81) 67/74 (91) 0.09 72174 (97) =0.001
Nonmalignant disease 43/49 (88) 43/49 (88) ND? 48/49 (98) 0.025
Granulomatous disease 29/33 (88) 29/33 (88) 33/33 (100)
Other nonmalignant 14/16 (B8) 14/16 (88) 15/16 (94)
Malignant disease 17/25 (68) 24/25 (96) 0.008 24/25 (96) NPP
Non-small cell lung carcinoma 4/5 (80) 5/5 (100) 5/5 (100)
Small cell lung carcinoma 68 (75) &/8 (100) 8/8 (100)
Breast carcinoma 4/4 (100) 4/4 (100) 4/4 (100)
Renal cell carcinoma 1/1 (100) 1/1 (100) 1/1 (100)
Sarcoma 0/1 (D) 0/1(0) 0/1 (0)
Lymphoma 0/4 (D) 4/4 (100) 4/4 (100)
Other malignant 272 (100) 2/2 (100) 2/2 (100)

Ara Chrissian et al. Ann Thorac Surg 2011,92:284-9
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INCHES

IIIII1

Carlo Genova et al. BMC Pulmonary Medicine (2022) 22:5
Hari Kishan Gonuguntla et al. Respirology Case Reports, 9 (8), 2021, e00808
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Summary

* Bronchoscopy is an important diagnostic and
therapeutic tool for lung lesions

 EBUS can guide and confirm the location of lung
lesion
— RP-EBUS for peripheral pulmonary lesions
— CP-EBUS for mediastinal and hilar lesions
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Diagnostic Yield of EBUS-TBNA vs.

Mediastinoscopy
Lymph node sizein EBUS yield Mediastinos P
mm (%) copy yield
mean t SD (range) (%)
All lymph 15+ 2.6 (10-21) 109/120 (91)  94/120 (78) | .007
nodes
Lymph node
station
2 all 16 + 3.1 (10-21) 24/25 (96) 22125 (88) .30
2 right 18 + 1.6 (14-20) 12/13 (92) 11/13 (85) .99
2 left 14 + 3.6 (10-21) 12/12 (100) 11/12 (92) .99
4 all 15+ 2.6 (10-19) 45/54 (83) 40/54 (74) 24
4 right 15+ 2.6 (10-19) 29/34 (85) 24/34 (71) 14
4 left 15+ 2.6 (10-19) 29/34 (85) 16/20 (80) .99
7 15+ 2.4 (10-19) 40/41 (98) 32/41 (78) .007

Ernst A, et al. J Thorac Oncol 2008; 3:577-582
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