
Advanced Bronchoscopic 
Techniques for Diagnosis 
and Staging of Lung 
cancer

Dongil Park

Division of Pulmonary and Critical Care Medicine

Chungnam National University Hospital



Contents

➢ Radial EBUS-guided Lung biopsy

➢ Electromagnetic Navigation Bronchoscopy (ENB)

➢ Robotic-assisted Bronchoscopy (RAB)

➢ Real-Time (Radial) EBUS-Guided TBNA (RT-EBUS-TBNA)

➢ Transbronchial lung cryobiopsy (TBLC)

➢ Mediastinal cryobiopsy & Case



Radial EBUS-Guided Lung biopsy

• Diagnostic yield: about 70%

• Favorable factors: Bronchus sign, within orientation, size > 2 cm, guide sheath 

(GS), solid > part-solid/GGN, malignant lesion

• Complication

• Pneumothorax: 0.7~2% (chest tube insertion: 0.2~0.9%)

• Bleeding: 1.5~2.5%

• Infection: 4.5% (Pneumonia: 2.3%, lung abscess: 0.3%, empyema: 0.3%)

• Risk factors: cavitation, low-density intralesional area on CT, airway segmental/subsegmental stenosis on 

bronchoscopy

• Sainz Zuñiga, Paula V et al. “Sensitivity of Radial Endobronchial Ultrasound-Guided Bronchoscopy for Lung Cancer in Patients With Peripheral Pulmonary Lesions: An Updated Meta-analysis.” Chest vol. 157,4 (2020): 994-1011.
• Oki, Masahide et al. “Guide sheath versus non-guide sheath method for endobronchial ultrasound-guided biopsy of peripheral pulmonary lesions: a multicentre randomised trial.” The European respiratory journal vol. 59,5 

2101678.
• Ali, Muhammad S et al. “Radial endobronchial ultrasound for the diagnosis of peripheral pulmonary lesions: A systematic review and meta-analysis.” Respirology (Carlton, Vic.) vol. 22,3 (2017): 443-453.
• McGuire, Anna L et al. “The Diagnostic Accuracy and Sensitivity for Malignancy of Radial-Endobronchial Ultrasound and Electromagnetic Navigation Bronchoscopy for Sampling of Peripheral Pulmonary Lesions: Systematic Review 

and Meta-analysis.” Journal of bronchology & interventional pulmonology vol. 27,2 (2020): 106-121.



With Guide sheath (GS) vs. Without GS

Oki, Masahide et al. The European respiratory journal vol. 59,5 2101678. 26 May. 2022



Oki, Masahide et al. The European respiratory journal vol. 59,5 2101678. 26 May. 2022



Kunimasa, Kei et al. “Diagnostic utility of additional conventional techniques after endobronchial 
ultrasonography guidance during transbronchial biopsy.” Respirology (Carlton, Vic.) vol. 21,6 (2016): 1100-5.

• Additional diagnostic yield: 64.8% → 81.8% (17.0%, 8/55)

• Fluoroscopy-guided TBLB

• 4.0/4.9 mm bronchoscope with 2.0 mm WC



Kunimasa, Kei et al. “Diagnostic utility of additional conventional techniques after endobronchial 
ultrasonography guidance during transbronchial biopsy.” Respirology (Carlton, Vic.) vol. 21,6 (2016): 1100-5.



EBUS-GS-TBLB + conventional forceps TBLB

• Additional diagnostic yield: 14.5% 

(8/55)

• Fluoroscopy-guided TBLB

• 4.8 mm bronchoscope (BF-Q290; 

Olympus, Tokyo, Japan)

• Lesion size: 28 mm

• Solid nodule: 81.8% (45/55)

• ‘Within’: 32 (58.2%)

Park, Sojung et al. “Diagnostic yield of additional conventional transbronchial lung biopsy following radial 
endobronchial ultrasound lung biopsy for peripheral pulmonary lesions.” Thoracic cancer vol. 11,6 (2020): 1639-1646.



Thin bronchoscope (TB) vs. UltraTB

• TB

• Outer diameter – 4 mm

• Working channel – 2 mm

• UTB

• Outer diameter < 3.0~3.5 mm

• Working channel 1.2 mm/1.7 mm

Oki, Masahide, and Hideo Saka. Journal of thoracic disease vol. 12,12 (2020): 7675-7682.



Oki, Masahide et al. “Ultrathin Bronchoscopy with Multimodal Devices for Peripheral Pulmonary Lesions. 
A Randomized Trial.” American journal of respiratory and critical care medicine vol. 192,4 (2015): 468-76.
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A Randomized Trial.” American journal of respiratory and critical care medicine vol. 192,4 (2015): 468-76.
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A Randomized Trial.” American journal of respiratory and critical care medicine vol. 192,4 (2015): 468-76.



Oki, Masahide et al. “Ultrathin Bronchoscopy with Multimodal Devices for Peripheral Pulmonary Lesions. 
A Randomized Trial.” American journal of respiratory and critical care medicine vol. 192,4 (2015): 468-76.



Oki, Masahide et al. Chest vol. 156,5 (2019): 954-964. doi:10.1016/j.chest.2019.06.038



Oki, Masahide et al. Chest vol. 156,5 (2019): 954-964. doi:10.1016/j.chest.2019.06.038

Figure 1 – Bronchoscopes and sampling instruments: a 3.0-mm ultrathin bronchoscope with 

a 1.7-mm working channel (marker A); a 4.0-mm thin bronchoscope with a 2.0-mm 

working channel (marker B); the 1.4-mm-diameter, radial, endobronchial ultrasound probe 

(marker C); the guide sheath (marker D); the 1.5-mm biopsy forceps (marker E); the 1.9-

mm standard-sized biopsy forceps (marker F); and the 21-gauge needle (marker G).



Oki, Masahide et al. Chest vol. 156,5 (2019): 954-964. doi:10.1016/j.chest.2019.06.038



Frontiers in medicine vol. 7 588048. 15 Dec. 2020

Overall DY: 65.9%

‘Within’: 80.8%

‘Adjacent to’: 72.7%

‘Invisible’: 0%



Oki, Masahide et al. “Value of adding ultrathin bronchoscopy to thin bronchoscopy for peripheral 
pulmonary lesions: A multicentre prospective study.” Respirology (Carlton, Vic.) vol. 28,2 (2023): 152-158.
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Oki, Masahide et al. “Value of adding ultrathin bronchoscopy to thin bronchoscopy for peripheral 
pulmonary lesions: A multicentre prospective study.” Respirology (Carlton, Vic.) vol. 28,2 (2023): 152-158.



Electromagnetic Navigation Bronchoscopy (ENB)



Folch, Erik E et al. “Electromagnetic Navigation Bronchoscopy for Peripheral Pulmonary Lesions: One-Year Results of the Prospective, Multicenter 
NAVIGATE Study.” Journal of thoracic oncology : official publication of the International Association for the Study of Lung Cancer vol. 14,3 (2019): 445-458.

• Lesion size (median): 20 mm

• Diagnostic yield: 73%

• Pneumothorax: 5% (requiring 

admission or chest tube 

placement): 2.9%



Folch, Erik E et al. “Electromagnetic Navigation Bronchoscopy for Peripheral Pulmonary Lesions: One-Year Results of the Prospective, Multicenter 
NAVIGATE Study.” Journal of thoracic oncology : official publication of the International Association for the Study of Lung Cancer vol. 14,3 (2019): 445-458.



Folch, Erik E et al. “Electromagnetic Navigation Bronchoscopy for Peripheral Pulmonary Lesions: One-Year Results of the Prospective, Multicenter 
NAVIGATE Study.” Journal of thoracic oncology : official publication of the International Association for the Study of Lung Cancer vol. 14,3 (2019): 445-458.



• Meta-analysis including 

40 studies (3,342 

participants)

• superDimension system: 

38 studies (95%)

• Sensitivity: 77%

• Pneumothorax: 2%

Folch, Erik E et al. “Sensitivity and Safety of Electromagnetic Navigation Bronchoscopy for Lung 
Cancer Diagnosis: Systematic Review and Meta-analysis.” Chest vol. 158,4 (2020): 1753-1769.



Robotic-assisted Bronchoscopy (RAB)



Robotic-assisted Bronchoscopy (RAB)

Monarch®  (Auris Health) Ion™ (Intuitive Surgical)



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.
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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.



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



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.



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.



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



Real-Time (Radial) EBUS-Guided 
TBNA (RT-EBUS-TBNA)



Yarmus, Lonny B et al. “First-in-Human Use of a Hybrid Real-Time Ultrasound-Guided Fine-Needle Acquisition System for Peripheral 
Pulmonary Lesions: A Multicenter Pilot Study.” Respiration; international review of thoracic diseases vol. 98,6 (2019): 527-533.



Yarmus, Lonny B et al. “First-in-Human Use of a Hybrid Real-Time Ultrasound-Guided Fine-Needle Acquisition System for Peripheral 
Pulmonary Lesions: A Multicenter Pilot Study.” Respiration; international review of thoracic diseases vol. 98,6 (2019): 527-533.

• Diagnostic yield (RT-EBUS-TBNA): 

70% (16/23)

• If, no cellular material (i.e., blood only) 

using ROSE → CR-EBUS with 

forceps, TBNA, brush



https://www.bostonscientific.com/



Transbronchial lung cryobiopsy (TBLC)



Transbronchial lung cryobiopsy (TBLC)

• Forceps TBLB vs. Transbronchial lung cryobiopsy (TBLC)

• Larger tissues / Less crushing artifact

• Additional diagnostic yield for peripheral pulmonary leions (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



Diagnostic Value of Transbronchial Lung Cryobiopsy using an Ultrathin Cryoprobe and Guide Sheath for Peripheral Pulmonary Lesions. J Bronchol Intervent Pulmonol. (2023)



Pathologic findings of transbronchial lung cryobiopsy revealed eggs of Paragonimus westermani

(red arrows) with infiltration of inflammatory cells, especially eosinophils (hematoxylin and eosi

n stain, × 200).CT, computed tomography.

Kim, Ka Eun et al. “The first case report of Paragonimus westermani infection diagnosed by transbronchial lung cryobiopsy.” International 
journal of infectious diseases : IJID : official publication of the International Society for Infectious Diseases vol. 128 (2023): 184-186.



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.



Mediastinal Cryobiopsy



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.











• Lung cancer genomic testing and PD-L1 immunohistochemistry assay 

were suitable in almost all (37 [97%] of 38) of the non-small-cell lung 

cancer samples retrieved from the combined approach, whereas they 

were only available in 30 (79%) of 38 samples from the EBUS-TBNA 

alone approach (RR 1·23 [95% CI 1·04–1·47]; p=0·033).

• Additionally, the post-hoc analyses stratified by study site showed no 

between-site differences in the major findings on safety and 

diagnostic yield.



Case



62/M

• 15년 전 HCC → S6 wedge resection

• 한달 전부터 호흡곤란

• 원인 평가 중 발견된 흉수로 전원









EBUS-TBNA (22G)

• Lymph node, mediastinal, "4R", EBUS-biopsy;

• A few atypical cells

• < FINAL DIAGNOSIS >

• Lymph node, mediastinal, "4R", EBUS-biopsy;

• A few atypical cells

• * Immunohistochemical stain results;

• 1) CK: positive

• 2) TTF-1: equivocal

• 3) CD56, P40: negative

• * Note: 소량의 atypical cell이 관찰되나 양이 너무 적어 진단하기 어렵습니다.







EBUS-TBNA (21G)





◎ 병 리 진 단

• Lymph node, mediastinal, "4R", EBUS-biopsy;

• Atypical cells, consistent with METASTATIC ADENOCARCINOMA



◎ 병 리 진 단

• Lymph node, mediastinal, "4R", cryobiopsy;

• A few atypical cells, suggestive of METASTATIC CARCINOMA 

Cryobiopsy (1.1 mm probe)



◎ 병 리 진 단

• Lymph node, mediastinal, "4R", cryobiopsy;

• Anthracofibrosis

Cryobiopsy (1.1 mm probe)



80/F

• NSCLC, T4N2M1c → Adenocarcinoma (high Pd-L1) / EGFR/ALK 음성

• 2018-05-18 #1-4. Cisplatin + Alimta → #1-33. alimta maintenance → chest CT : PD → Observation

• 2020.12.24 #1. Pembrolizumab

• 2021.01.20 #2.  Pembrolizumab

• Immune related BOOP reaction으로 중단함

• 2021.11.3 SBRTx to RLL (40 Gy/4 fx) → RTx pneumonitis

• 2022.5.18 chest CT : LAP → 2022.6.24 EBUS biopsy- EGFR mutation L858R

• 2022.7.13 GKS

• 2022.7.5~2022.8.18 Afatinib

• BOOP → methyl PD → Observation













EBUS-TBNA (21G)

◎ 병 리 진 단

• Lymph node, mediastinal, "4R", 

cryobiopsy;

• Atypical cells, consistent with 

METASTATIC CARCINOMA 



Cryobiopsy (1.1 mm probe)



◎ 병 리 진 단

• Lymph node, mediastinal, "4R", cryobiopsy;

• Involved by ADENOCARCINOMA



Summary

• PPLs + GGN → conventional forceps TBLB

• Fluoroscopy guidance

• Brushing / Cryobiopsy

• Upper lobes → GS, UTB > conventional forceps TBLB

• Invisible or Adjacent lesion (R-EBUS) → UTB (~50%)

• CTBS negative → Multiple biopsy devices 

• Novel approach: RAB → Higher DY

• Real-time radial EBUS-guided TBNA → Without fluoroscopy/CBCT

• Benign lesion → Consider cryobiopsy



Thanks for your attention

Email: rahm3s@gmail.com
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