Convex and Radial Probe EBUS for
Lung Cancer Diagnosis & Staging
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TBNA for mediastinal LNs



Conventional TBNA

= Conventional TBNA
— Sensitivity: 78 %J>
— Specificity: 99 %
— Factors contributing to successful TBNA
* Lymph nodes > 20 mm in the short axis
* 4R and 7 lymph node location
» 5-7 aspirates per node




Convex probe EBUS




Convex
probe Versus
EBUS

TBNA TBLB
for mediastinal structures for peripheral lung lesion
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« Prospective study (N = 127)

( , p
EBUS-TBNA VS  Mediastinoscopy
Sensitivity  88% 81% P <0.001
Accuracy 93% 89% P <0.001

Um SW, et al. J Thorac Oncol. 2015;10(2):331-7.
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Bronchoscopy for PLL



Changes in Lung Cancer Pathology
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Changes In Lung Cancer Stages
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Korean National

Cancer Screening Program

Stomach + Liver + Colon + Breast * Cervix + Lung

Endo'scopy ; Colonovscopy Pap smear
us +
Serum AFB

Mammography Low dose CT
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Percutaneous

~ Bronchoscopy approach
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Precise localization
& Sampling

Localization
modality?

Maintenance?

Sampling
methods?
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Navigation



WAFILHAIHO OIL
HLOFO & L{OI1OF OFLED

| Target
lesion



= Bronchial branch tracing = VBN
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ENB = electromagnetic navigation bronchoscopy
VBN = virtual bronchoscopy navigation
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Target lesion 1:

Reading CT anatomy

Navigation system
(VBN or ENB)

Proximal 4t ot
area
Accuracy berioheral
eriphera Tt +
area
Cost Free Expensive (VBN < ENB)
Learning Trial and error during Easy

learning curve period

Courtesy of Dr. Noriaki Kurimoto
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Guide sheath

Radial probe EBUS
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 Equipment
1) Bronchoscope
2) Guide sheath kit: guide sheath, cytology brush, biopsy forceps
3) Radial probe EBUS (mini-probe), driving unit, ultrasound center






Combined RP- and CP-EBUS



Chest CT EEIETEEN

A 31x20mm sized lobulated enhancing mass with pleural tagging at LUL
Enlarged LNs at right upper paratracheal, hilar and interlobar area
— lung cancer, T2a N2 Mx

Bullae in right apex
No definite evidence of abnormality in both adrenal glands and liver

PET

CONCLUSION
1. Lung cancer in RUL

2. Suspicious for metastatic lymph node at right lower paratracheal and hilar area
3. No evidence of distant metastasis




Adenocarcinoma




RP-EBUS + CP-EBUS




RP-EBUS + CP-EBUS

v Additional sedatives
v Additional topical lidocaine
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FIGURE 1 A representative case of the combined procedure with RP- and CP-EBUS. (a) An 18-mm peripheral lung lesion was found in the right
middle lobe. (b, ¢) Axial CT images with a mediastinal window showing enlargements in 4R (white arrow) and 7 (black arrow) lymph nodes. (d) The
peripheral lung lesion was found to be “within” on the ultrasonographic image during RP-EBUS. (e) Transbronchial biopsy was performed under
fluoroscopy guidance. (f, g) Subsequent transbronchial needle aspiration with CP-EBUS was performed at 4R and 7 lymph nodes. As a result, an
adenocarcinoma was found in the richt middle lobe but there was no evidence of mediastinal lvmph node metastasis. The patient underwent thoracoscopic
surgery and was diagnosed with stage IA lung adenocarcinoma (T1bNOMO0). CP-EBUS, convex probe endobronchial ultrasound aspiration; CT, computed
tomography; LN, lymph node; RP-EBUS, radial probe endobronchial ultrasound.

Chung HS, et al. Thorac Cancer. 2022 Oct;13(20):2837-2843.



= Baseline characteristics = Diagnostic yields and safety profiles

RP-EBUS group Combination RP-EBUS Combination
Variables (n = 506) group” (n =97) p-value group group®
(n = 506) (n=97) p-value
Male sex 310 (61.3) 80 (82.5) <0.001
Age, years 68.1 £ 10.1 70.4 £ 8.9 0.021 Diagnostic yields
Location of PLL 0.251 RP-EBUS-TBB 70.0% 81.4% 0.021
nght upper lobe 154 (30-4) 24 (24-7) OVeI‘aH diﬂgnOS’[iC }’leld ?0.0‘%} 90.7‘%) <0.001
Right middle lobe 34 (6.7) 11(11.3) Complications
Right lower lobe 108 (21.3) 26 (26.8) Pneumothorax 5(1.0) 1(1.0) 0.310
Left upper lobe 138 (27.3) 21 (21.6) Infection 2 (04) 0 (0.0) 0.651
Left lower lobe 72 (14.2) 15 (15.5) Massive bleeding 0 (0.0) 0 (0.0) N/A
Mean diameter of 297 4 142 369 £ 172 <0.001 Life threatening event 0 (0.0) 0 (0.0) N/A
PLL, mm Overall complications 7 (1.4) 1(1.0) 0.766
Distance from pleura to 129 + 14.4 128 = 149 0.922 Abbreviations: CP-EBUS-TBNA, transbronchial needle aspiration using convex probe
PLL, mm EBUS; RP-EBUS, radial probe endobronchial ultrasound; RP-EBUS-TBB,
Positive bronchus sign on 426 (84.2) 91(93.8) 0.022 transbronchial biopsy using RP-EBUS.
CT scan “T'he combination group included patients who underwent a combined procedure
‘ using RP-EBUS and convex probe EBUS.
Character of PLL on 0.039
CT scan
Solid 436 (86.2) 92 (94.8)
Mixed 68 (13.4) 5 (5.2)
Ground-glass opacity 7(1.4) 0 (0)

Abbreviations: CT, computed tomography; PLL, peripheral lung lesion; RP-EBUS,
radial probe endobronchial ultrasound.

*The combination group included patients who underwent a combined procedure
using RP-EBUS and convex probe EBUS.

Chung HS, et al. Thorac Cancer. 2022 Oct;13(20):2837-2843.



Tips iIn RP-EBUS



Lidocaine spray before procedure




Spray catheter




BF-P190

Bronchoscopy channel

Specifications

Optical System

Field of View 110°

Direction of View Forward Viewing

Insertion Tube

Depth of Field 2 to 50 mm
Image Quality SDTV
Distal End Outer

) 4.2 mm
Diameter

Distal End Enlarged

Light-guide Lens

Instrument Channel Outlet
Right | @) Left
\ PaN Objective Lens

Down

Insertion Tube Outer

Diameter 4.1 mm
Working Length 600 mm
Rotary Function Yes

Channel Inner Diameter 2.0 mm

Minimum Visible Length

3.0 mm from the

distal end

Instrument Channel . -

Direction from which

endoscopic devices *

enter and exit the

endoscopic image

/W/ Up 210°
Bending Section Angulation .Q\ \;
w/oown 130°

Total Length 880 mm
Electrocautery
Instrument Yes
Compatibility
Laser Compatibility No
Autoclave No
Compatibility

Compatible EVIS
EXERA System

Video System Center
Xenon Light Source

Olympus CV-190
Olympus CLV-190




Optical System

Field of view

90°

Direction of view

Forward viewing

Depth of field

2-50 mm

Insertion Section

Distal end outer diameter

3.0mm

Distal end enlarged

Insertion tube outer diameter 3.7 mm
Working length 600 mm
Insertion tube rotation function Yes

Rotation range

Right: 120°, left: 120°

Instrument Channel

Channel inner diameter

1.7 mm

Minimum visible length

Direction from which
EndoTherapy accessories
enter and exit the endoscopic
image

2 mm from the distal end

Bending Section

Compatible System

Additional
Information

Angulation range

Up 210°

Down 130°

EVIS EXERA lil Video System Center OLYMPUS CV-190 / Xenon Light Source OLYMPUS CLV-190

Insertion tube rotation function

Yes

Compatibility with radial EBUS

Yes (UM-S20-17S)

Compatibility with GuideSheath Not available
Narrow Band Imaging (NBI) Not available
HFlaser compatibility Not available

BF-MP190F
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GS broken

Fig. 4 Breakage of the guide sheath (GS). a Forceps biopsy via the GS was performed under fluoroscopic guidance after precise identification of
the tumor using a radial probe EBUS (white arrow). b A kink in the GS (arrowhead) resulting in its dislocation was seen on fluoroscopy. The kink
may have been caused by a discordance between the long axes of the bronchoscope (dotted line, a) and the GS (black line, a). ¢ To prevent
additional breakage of the GS, a thin bronchoscope was introduced as far as possible close to the target lesion (arrow). Thereafter, the two long
axes of the bronchoscope and GS were aligned and the procedure was successfully completed

Eom JS, et al. BMC Pulm Med. 2018 Aug 13:18(1):137.



How to prevent damage to RP-EBUS

J J




Benefit of Fluoroscopy

1. Forceps cup0| €& =X| =0l
2. Guide sheath, forceps2| £|X| =9l

3. HH2|X| =29



Opening of forceps — Jabbing




Searching under fluoroscopy

05041953 o , 3.29:33 AM

0.2 min
321.65 mR/min

73.87 mrad



Optimal number of biopsy

o
- 979,  97% 98% 99% 99% 100%
10 010 Mm@ @ @ @@
87% @
80% @
80 F o
65%
°
60 |}
40 }
20 }
0. i '} [ § x . . . . ]
0 1 2 3 4 5 6 7 8 9 10

Yamada N, et al. Chest. 2007 Aug;132(2).603-8.



Multimodal approach |

EBUS-GS
E(I?]U_Ség)s (Snufe:g; + SuperD | P-value
= - (n = 40)
Di ti
|aﬁre1%s ic 69% 59% 88% 0.02

EBUS-GS = endobronchial ultrasound using a guide sheath
SuperD = Superdimension®

Eberhardt R, et al. Am J Respir Crit Care Med. 2007 Jul 1;176(1):36-41.



Multimodal approach Il
Non-VBN group

Fluoroscopy Actual videobronchoscopy Virtual navigation

VBN group

Ishida T, et al. Thorax. 2011 Dec;66(12):1072-7.



Multimodal approach Il

= Diagnostic yield according to lesion size

Lesion size VBNA (n=99) NVBNA (n=95) P-value
<20 mm 716% 59% 0.056
20-30 mm 88% 81% 0.382
Total 81% 67% 0.032

VBNA = virtual bronchoscopic navigation-assisted.
NVBNA = non- virtual bronchoscopic navigation-assisted.

Ishida T, et al. Thorax. 2011 Dec;66(12):1072-7.



Ultrathin bronchoscope

Ong PG, et al. J Thorac Dis. 2016 Dec;8(12):3808-3817.



! ( 1."Tmm

.omm-sized 3.omm-size
bronchoscope ulfrathin bron

e Med. 2015 Aug 15:192(4):468-76.



Ultrathin bronchoscope

Thin bronchoscope Versus Ultrathin bronchoscope

Oki M, et al. Am J Respir Crit Care Med. 2015 Aug 15;192(4):468-76.



Ultrathin bronchoscope

Lesion size, mm UTB EBUS-GS P-value
<20 65% 49% 0.037
20~30 84% 71% 0.061
Total 74% 59% 0.044

UBT = ultrathin bronchoscopy
EBUS-GS = endobronchial ultrasound using guide sheath

Oki M, et al. Am J Respir Crit Care Med

. 2015 Aug 15;192(4):468-76.



Interventional Pulmonology

Respiration Received: July 29, 2022

. Accepted: September 29, 2022
DOI:10.1159/000527362 Published online: November 22, 2022

Ultrathin Bronchoscopy for the
Diagnosis of Peripheral Pulmonary
Lesions: A Meta-Analysis

Soo Han Kim®®  Jinmi Kim® < Kyoungjune Pak®>¢ Jung Seop Eom?®”
aDepartment of Internal Medicine, Pusan National University School of Medicine, Busan, Republic of Korea;
bBiomedical Research Institute, Pusan National University Hospital, Busan, Republic of Korea; “Department of
Biostatistics, Pusan National University Hospital, 179 Gudeok-ro, Seo-gu, Busan, Republic of Korea; 9Department of
Nuclear Medicine, Pusan National University Hospital, 179 Gudeok-ro, Seo-gu, Busan, Republic of Korea

Study or subgroup events total Weight, % IV, Random, 95% Cl IV, Random, 95% Cl

Channel size = 1.2 mm

Shinagawa 2004 [24] 17 26 37 0.65 (0.44; 0.83) S E—
Yamamoto 2004 [25] 40 67 54 0.60 (0.47; 0.72) — B
Shinagawa 2007 [26] 50 71 52 0.70 (0.58; 0.81) —
Tachihara 2007 [27] 33 58 52 0.57 (0.43; 0.70) — B
Matsuno 2011 [22] 113 158 6.1 0.72 (0.64; 0.78) S
Asano 2013 [30] 212 334 6.7 0.63 (0.58; 0.69) -
Franzen 2016 [32] 1 20 34 0.55 (0.32; 0.77) B

Tokoro 2016 [33] 14 37 4.4 038(0.22;055) — @@

Ali 2019 [34] 36 40 2.9 0.90 (0.76; 0.97) i - =
Diez-Ferrer 2019 [35] 70 165 6.3 0.42 (0.35; 0.50) B

Kawakita 2021 [38] 97 172 6.3 0.56 (0.49; 0.64) B

Total (95% CI) 693 1,148 55.7 0.61 (0.52; 0.69) ——

Heterogeneity: 12 = 0.2640; x2 = 54.02, df = 10 (p < 0.01); /2 = 81%

Channel size = 1.7 mm :
Oki 2009 [28] 49 71 53 0.69 (0.57: 0.79) —

Oki 2012 [29] 66 101 58 0.65 (0.55; 0.75) ——

Oki 2015 [31] 111 150 6.0 0.74 (0.66; 0.81) :

Oki 2019 [13] 124 177 6.2 0.70 (0.63; 0.77) -
Sehgal 2019 [36] 19 34 4.4 0.56 (0.38; 0.73) —

Sumi 2020 [37] 76 102 56 0.75 (0.65; 0.83) —
Sumi 2021 [39] 49 74 5.4 0.66 (0.54; 0.77) =
Zheng 2021 [23] 93 120 57 0.78 (0.69; 0.85) L
Total (95% CI) 587 829 443 0.70 (0.67; 0.74) <>
Heterogeneity: 2 = 0.0106; x2 = 9.86, df = 7 (p = 0.20); /2 = 29%

Total (95% CI) 1280 1977 1000 0.65 (0.60; 0. 70) -
Heterogeneity: T2 = 0.1892; x? = 87.75, df = 18 (p < 0.01); 12 = 79% 03 04 05 06 07 08 09

Test for subgroup differences: x2 = 4.65, df = 1 (p = 0.03)

Fig. 4. Diagnostic yield of ultrathin bronchoscope based on channel size (1.2 mm vs. 1.7 mm). CI, confidence
interval; IV, inverse variance.

Kim SH, et al. Respiration . 2023;102(1):34-45.



Needle technique

Naso J, et al. Cancer Cytopathol. 2020;128:333-340.






Needle for peripheral lesions

Diaanosis vield Without With Benefit of
J y FLEX needle | FLEX needle |FLEX needle

Malignancy 8% 83% 4.3%

Overall 12% 78% 6.3%

Naso J, et al. Cancer Cytopathol. 2020;128:333-340.




1.9 mm cryoprobe

2 mm channel

Reusable
4mm thin
P bronchoscope
v Thickness

v Hardness



pISSN 1598-2998, elSSN 2005-9256
https://doi.org/10.4143/crt.2022.1008 Cancer Res Treat. 2022 Nov 1 [Epub ahead of print]

The Additive Impact of Transbronchial Cryobiopsy Using a 1.1-mm Diameter
Cryoprobe on Conventional Biopsy for Peripheral Lung Nodules

Soo Han Kim“®'2, Jeongha Mok "2, Eun-Jung Jo', Mi-Hyun Kim', Kwangha Lee', Ki Uk Kim', Hye-Kyung Park’, Min Ki Lee',
Jung Seop Eom ‘=12
Department of Internal Medicine, Pusan National University School of Medicine, Busan, “Biomedical Research Institute, Pusan National University

Hospital, Busan, Korea
Under VBN and fluoroscopic guidance

~ EBUS-GS

‘ Initial ‘ Subsequent
If navigation failed (
\ navigation faile SR biopsy CryOblopSy

3mm + RP-EBUS (1.1mm probe) )

Kim SH, et al. Cancer Res Treat. 2023 Apr;55(2):506-512.



Performance of 1.1mm cryoprobe

* Bronchoscopy Registry of Pusan National University Hospital
* Inclusion criteria: Peripheral lesion < 30 mm

* N =106 (From Jan to Oct 2021)

* Median lesion size = 22 mm

* Positive bronchus sign = 60%

Under VBN and fluoroscopic guidance

~ EBUS-GS

itial Subsequent
If navigation failed ‘ Forcénléli)'o < ‘ Cryobiopsy
i
3mm + RP-EBUS P DIoRSY (1.1mm probe)
+18%
= Diagnostic yields 610 -eeeeees > 79% e 66%

Kim SH, et al. Cancer Res Treat. 2023 Apr;55(2):506-512.
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Original Research 5
Clinical outcomes of transbronchial cryobiopsy using a 1.1-mm diameter oy

cryoprobe for peripheral lung lesions - A prospective pilot study

Soo Han Kim *"% ', Jeongha Mok “"' Saerom Kim ™", Wan Ho Yoo ™", Eun-Jung Jo &b Mi-
Hyun Kim ™", Kwangha Lee ™", Ki Uk Kim ™", Hye-Kyung Park °, Min Ki Lee ™", Jung
Seop Eom *™©

* Department of Internal Medicine, Pusan National University School of Medicine, Busan, Republic of Korea
b Department of Internal Medicine, Pusan National University Hospital, Busan, Republic of Korea
¢ Biomedical Research Institute, Pusan National University Hospital, Busan, Republic of Korea

Under VBN and fluoroscopic guidance

= EBUS-GS

\If navigation failed ‘ (1Cirr):10rslg'[?:ge)

3mm + RP-EBUS

Kim SH, et al. Respir Med. 2023 Oct:217:107338.



Performance of 1.1mm cryoprobe — Il

* Prospective study at Pusan National University Hospital
* Inclusion criteria: Peripheral lesion < 30 mm

* N =50 (From Dec 2021 to July 2022)
* Mean lesion size = 21 mm (range, 12-30 mm)

Under VBN and fluoroscopic guidance

= EBUS-GS

If navigation failed ‘ (1(::3;0'2'8?:3/9)

3mm + RP-EBUS

= Overall diagnostic yields 45/50 = 90%
= Diagnostic yields of TBC 45/49 = 92%

Kim SH, et al. Respir Med. 2023 Oct:217:107338.



Pajares Ruiz V, et al. Arch Bronconeumol. 2014 Jul;50(7):309-10.
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