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Electromagnetic Navigation 
Bronchoscopy (ENB)





Folch EE, et al. NAVIGATE 24-Month Results: Electromagnetic Navigation Bronchoscopy for Pulmonary Lesions at 37 Centers in Europe and the United States. J Thorac Oncol. 2022;17(4):519-531.
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Robotic-assisted 
Bronchoscopy (RAB)



Diddams MJ, Lee HJ. Robotic Bronchoscopy: Review of Three Systems. Life (Basel). 2023 Jan 28;13(2):354.



Chen, Alexander C et al. “Robotic Bronchoscopy for Peripheral Pulmonary Lesions: A Multicenter Pilot and Feasibility Study (BENEFIT).” Chest vol. 159,2 (2021): 845-852.



Chen, Alexander C et al. “Robotic Bronchoscopy for Peripheral Pulmonary Lesions: A Multicenter Pilot and Feasibility Study (BENEFIT).” Chest vol. 159,2 (2021): 845-852.



Reisenauer, Janani et al. “Ion: Technology and Techniques for Shape-sensing Robotic-assisted Bronchoscopy.” The Annals of thoracic surgery vol. 113,1 (2022): 308-315.

Simoff, Michael J et al. “Shape-sensing robotic-assisted bronchoscopy for pulmonary nodules: initial multicenter experience using the Ion Endoluminal System.” BMC 
pulmonary medicine vol. 21,1 322. 16 Oct. 2021



Ali MS, et al. Diagnostic Performance and Safety Profile of Robotic-assisted Bronchoscopy: A Systematic Review and Meta-Analysis. Ann Am Thorac Soc. 2023;20(12):1801-1812.
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Diagnostic yield = 84.3%

PTX: 2.3%, CTD: 1.2%, Significant hemorrhage: 0.5%



Ali MS, et al. Diagnostic Performance and Safety Profile of Robotic-assisted Bronchoscopy: A Systematic Review and Meta-Analysis. Ann Am Thorac Soc. 2023;20(12):1801-1812.



Cone beam CT (CBCT)



Setser R, et al. Cone beam CT imaging for bronchoscopy: a technical review. J Thorac Dis. 2020;12(12):7416-7428.
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Caruso et al.Integration of robotic bronchoscopy and cone beam computed tomography: a narrative review. AME Medical Journal (2023).
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Casal RF, et al. Cone beam computed tomography-guided thin/ultrathin bronchoscopy for diagnosis of peripheral lung nodules: a prospective pilot study. J Thorac Dis. 2018;10(12):6950-6959.
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Navigation 50% → 75%

Diagnostic yield 50% → 70%



Ali EAA, et al. Transbronchial Biopsy Using an Ultrathin Bronchoscope Guided by Cone-Beam Computed Tomography and Virtual Bronchoscopic Navigation in the Diagnosis of Pulmonary Nodules. Respiration. 2019;98(4):321-328.
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Multimodality



Styrvoky, Kim et al. “Shape-Sensing Robotic-Assisted Bronchoscopy with Concurrent use of Radial Endobronchial Ultrasound 
and Cone Beam Computed Tomography in the Evaluation of Pulmonary Lesions.” Lung vol. 200,6 (2022): 755-761.



Abia-Trujillo D, et al. Mobile cone-beam computed tomography complementing shape-sensing robotic-assisted bronchoscopy 
in the small pulmonary nodule sampling: A multicentre experience. Respirology. Published online November 28, 2023.
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Cryobiopsy



Transbronchial lung cryobiopsy (TBLC)

• Forceps TBLB vs. Transbronchial lung cryobiopsy (TBLC)
• Larger tissues / Less crushing artifact

• Additional diagnostic yield for peripheral pulmonary lesions (PPLs)

• 1.1 mm cryoprobe
• Excellent flexibility

• With 1.95 mm guide sheath (GS) in 2.0 mm working channel

Kim, Soo Han et al. “The Additive Impact of Transbronchial Cryobiopsy Using a 1.1-mm Diameter Cryoprobe on Conventional 
Biopsy for Peripheral Lung Nodules.” Cancer research and treatment, Nov. 2022

Forceps biopsy         Cryobiopsy



(A) (B) (C)

Under review



Diagnostic yield of TBLC for PPLs
• Diagnostic yield (2021~2023): 89.9-91.5%

• Additional diagnostic yield (DY)

• Matsumoto Y, et al. (2021) (n = 257)

• 8.6% (81.3% → 89.9%)

• ‘Adjacent to’ / ‘Within’: 14.9% / 3% (p = 0.001)

• Bronchus sign (-) / (+): 15.4% / 6.3% (p = 0.011)

• Nakai T , et al. (2022) (n = 139)

• 76.3% (FB) / 81.3% (TBLC) / 89.9% (Total)

• ‘Adjacent to’: conventional biopsy 67.4% vs. cryobiopsy 81.9% (p = 0.019)

• ‘Within’: FB 94.2% (49/52) vs.  cryobiopsy 84.6% (44/52) (p = 0.18)

• Chaeuk Chung, et al. (2023) (n = 199)

• 65.3% (FB) / 84.4% (TBLC) / 91.5% (Total)

• ‘Adjacent to’ / ‘Within’: 29.9% / 25.2% (p = 0.003)

• Matsumoto Y, et al. Diagnostic Outcomes and Safety of Cryobiopsy Added to Conventional Sampling Methods: An Observational Study. Chest. 2021;160(5):1890-901.
• Nakai T, et al. Safety profile and risk factors for bleeding in transbronchial cryobiopsy using a two-scope technique for peripheral pulmonary lesions. BMC Pulm Med. 2022;22(1):20.
• Kim, Soo Han et al. “The Additive Impact of Transbronchial Cryobiopsy Using a 1.1-mm Diameter Cryoprobe on Conventional Biopsy for Peripheral Lung Nodules.” Cancer research and treatment, Nov. 2022
• Chaeuk Chung, et al. Diagnostic Value of Transbronchial Lung Cryobiopsy using an Ultrathin Cryoprobe and Guide Sheath for Peripheral Pulmonary Lesions. J Bronchol Intervent Pulmonol. (2023)



Oki, Masahide et al. “Ultrathin bronchoscopic cryobiopsy of peripheral pulmonary lesions.” Respirology (Carlton, Vic.) vol. 28,2 (2023): 143-151.



Oberg CL, et al. Novel Robotic-Assisted Cryobiopsy for Peripheral Pulmonary Lesions. Lung. 2022;200(6):737-745.



Fan, Ye et al. “Transbronchial needle aspiration combined with cryobiopsy in the diagnosis of mediastinal diseases: 
a multicentre, open-label, randomised trial.” The Lancet. Respiratory medicine vol. 11,3 (2023): 256-264.



Park D, et al. Cryobiopsy: A Breakthrough Strategy for Clinical Utilization of Lung Cancer Organoids. Cells. 2023;12(14):1854.



Introduction - Cryotherapy

• Cryotherapy

빠른 동결 속도(faster freeze rate)와 느린 융해 속도(slower thaw rate), 동결-융해

주기(freeze-thaw cycle)의 반복을 통하여 세포를 파괴하는 기관지 내시경 치료

- Cryotherapy: 병변에 대해 freezing/thawing cycle을 반복하여 조직 괴사를 유도

- Cryoextraction/recannalization: cyoprobe에 냉각되어 있는 조직을 pulling out하

면서 제거

- 기관지내시경 교과서, 대한결핵및호흡기학회, 2019

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Introduction - Cryotherapy

• Equipment: Cryogen + Cryomachine

1세대(ERBECRYOⓇ) 2세대 (ERBECRYO2Ⓡ)

Cryogen N2O CO2

Size of Probe 1.9 / 2.4 mm 1.1 / 1.7 / 2.4 mm

Thaw rate Slow Fast

- Ann Am Thorac Soc 2016;13(8):1405 - Provided by ERBEⓇ

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Introduction - Cryotherapy

2.4mm 
cryoprobe
30secs

1.7mm 
cryoprobe
30secs

1.7mm cryoprobe

2.4mm cryoprobe

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Case1 – chest PA

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Case1 – Cryoextraction

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Case2 – Cryoextraction

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Cryotherapy for benign lesions

• Post intubation stenosis (cryotherapy alone)

- Internal Med 2016;55(22):3331

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Cryotherapy in malignant lesions

• Treatment of superficial endobronchial malignancy

• Palliation of central airway obstruction (CAO) in advanced 

malignancy

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Classification of MCAO

• Intrinsic (endoluminal)

• Extrinsic (extraluminal)

• Mixed

→ Impact on therapeutic approach

Laser & debridement +++ - ++ 

Stent ± +++ ++

- A. Ernst and F.J.F. Herth (eds.), Principles and practice of interventional pulmonology. Springer 2013.

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Case4 - MCAO

• 71/M, RLL atelectasis with pleural effusion

•기저 pneumoconiosis로 연고지 병원에서 f/u 하던 분으로

•내원 1주전 시행한 chest CT에서 RBI endobronchial mass와

RML, RLL atelectasis 소견으로 F/E위해 내원함

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Case4 – chest PA

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Case4 – Cryorecannalization

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



Case – cryotherapy

NSCLC, SqCC, cT3N3, PD-L1 4% 
➔ CCRT

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.



- BMC Pulmonary Medicine 2019;19:101

Source: From Pf. Wonjun Ji's slides, 'CRYO Round Table Meeting', 2023.
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Case



Kim KE, et al. The first case report of Paragonimus westermani infection diagnosed by transbronchial lung cryobiopsy. Int J Infect Dis. 2023;128:184-186
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Table 1. Demographic, target lesion, procedural characteristic and outcome of overall cohort

Case 1 2 3 4 5 6 7 8 9

Demographic and target lesion characteristic

Age, years 24 55 65 53 57 43 37 58 65

Gender Female Female Female Female Female Female Female Male Female

Segmental location LB2 LB4 RB8 RB4 LB9 LB8 RB4 RB9 RB4

Centrality Middle 1/3 Middle 1/3 Middle 1/3 Middle 1/3 Inner 1/3 Inner 1/3 Inner 1/3 Middle 1/3 Inner 1/3

Size, cm 2.99 2.46 1.25 3.79 2.80 3.50 3.00 1.10 1.50

Nature Solid Solid Solid Solid Solid Solid Solid Solid Solid

Direct Bronchus Sign No No No No No No No Yes Yes

Procedural characteristic 

Type of EBUS Radial Radial Radial Radial Radial Linear Linear Radial Radial

EBUS Orientation Adjacent Eccentric Adjacent Eccentric Adjacent Adjacent Adjacent Concentric Concentric

Forceps/ needle size, mm/G 1.9 forceps 1.5 forceps 1.9 forceps Not done 20G TBNA* 22G TBNA 22G TBNA 1.5 forceps 1.9 forceps

Forceps pass 5 8 10 Not done Not done 3 3 6 13

Cryoprobe size, mm 1.9 Not done 1.1 1.1 1.1 1.1 1.1 1.1 Not done

Cryobiopsy pass 3 Not done 5 2 5 2 3 1 Not done

Freeze time/ pass, seconds 4.0 Not done 3.8 4.5 3.4 4.5 4.6 4 Not done

Outcome 

Forceps/ needle histology Inflammation PSP Alveolar tissue Not done Not done Atypical cell Lymphocyte PSP PSP

Forceps conclusive No Yes No Not done Not done No No Yes Yes

Cryobiopsy histology Alveolar Tissue Not done PSP Carcinoid PSP PSP Alveolar Tissue PSP Not done

Cryobiopsy conclusive No Not done Yes No Yes Yes No Yes Not done

Final diagnosis and surveillance 

Surgical resection histology PSP PSP Not done PSP PSP Not done PSP PSP Not done

CT Surveillance Not applicable Not applicable Stable Not applicable Not applicable Stable Not applicable Not applicable Defaulted

Unpublished data
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나이/
성별

시술 전 진단명 크기
(mm)

위치 성상 Bronchus sign 양상 합병증 병리결과 (FB) 병리결과
(Cryo.)

최종 진단

1 68/M IPF > CPFE 72 LUL Solid 기관지가 병변의 말초에 접촉 후 끊김 (-) SCLC SCLC SCLC

2 67/M IPF 27 LLL Solid 내부에서 좁아지면서 끊김 (-) A few atypical 
cells

SQ SQ

3 77/M IPF or Fibrosing 
NSIP

23 LLL Solid 기관지가 병변의 말초에 접촉 후 끊김 Mild bleeding SCLC SCLC SCLC

4 65/M IPF 15 LLL Solid 기관지가 병변의 말초에 접촉 후 끊김 (-) Atypical cells, 
suggestive of 
NSCLC

Adenosquam
ous
carcinoma/N
SCLC

Adenosqua
mous
carcinoma/N
SCLC

5 67/M IPF 28 RLL Solid 기관지가 병변의 말초에 접촉 후 끊김 Pneumonia SCLC SCLC SCLC

6 87/M IPF 23 LLL Solid 기관지가 병변의 말초에 접촉 후 끊김 Hypoxemia (E-
tube 삽입 전)

A few atypical 
cells, suggestive 
of AD

A few 
atypical cells, 
suggestive of 
AD

AD

7 85/M IPF 26 RLL Solid 내부에서 좁아지면서 끊김 Hypoxemia (E-
tube 삽입 전)

NSCLC, favor SQ NSCLC, favor 
SQ

SQ

8 67/M IPF or CPFE 30 LLL Solid 내부에서 좁아지면서 끊김 Mild bleeding
Hypotension 
(저절로 회복)

Atypical cells, 
suggestive of SQ

SQ SQ

9 81/M CPFE > IPF 30 LLL Solid 기관지가 병변의 말초에 접촉 후 끊김 Mild bleeding NSCLC, favor SQ NSCLC, favor 
SQ

SQ

10 70/M IPF > CPFE 38 LLL Solid 기관지가 병변의 말초에 접촉 후 끊김 Mild bleeding SCLC SCLC SCLC

11 76/M IPF 31 LLL Solid 병변의 말초 경계를 스치면서 통과 Mild bleeding
Hypotension 
(저절로 회복)

Atypical cells, 
suggestive of SQ

Atypical cells, 
suggestive of 
SQ

SQ

2021.12.03~2023.01.20 EBUS-TBB + Cryobiopsy in CNUH (n = 11/352)



Complication Case
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Day 16

• 조직검사 후 가슴통증이
지속된다.

• 냄새나는 농성 가래가 나
온다.







46/F







BAL → M. avium



Day 2 Day 7 Day 14 Day 36





경청해 주셔서 감사합니다.
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