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1. 
Recommended CT reconstruction approach for bronchial branch tracing based on target lesion lobar location
· Lesions in right upper lobe: CT in axial reconstruction would be rotated 90° counter-clockwise. Scrolling of CT images in this plane correlates with bronchoscope movement in a cranial-caudal direction. 
· Lesions in left upper lobe (upper divisional bronchus): CT in axial reconstruction would be rotated 90° clockwise. Scrolling of CT images in this plane correlates with bronchoscope movement in a cranial-caudal direction. 
· Lesions in right middle lobe: CT in coronal reconstruction would be flipped around the horizontal axis. Scrolling of CT images in this plane correlates with bronchoscope movement in an anterior-posterior direction. 
· Lesions in lingula segment: CT in sagittal reconstruction would be flipped around the horizontal axis, followed by a 90° counter clockwise rotation. Scrolling of CT images in this plane correlates with bronchoscope movement in a medial-lateral direction. 
· Lesions in apical segment of lower lobe: CT in coronal reconstruction (neutral, no flip or rotation) to match a reverse bronchoscopic approach. Scrolling of CT images in this plane correlates with a reverse bronchoscope movement in an anterior-posterior direction. 
· Lesions in basal segment of lower lobe: CT in axial reconstruction would be flipped around the horizontal axis. Scrolling of CT images in this plane correlates with bronchoscope movement in a cranial-caudal direction. 







Study specific definitions 


Bronchus sign 
· The classification of the bronchus sign involves three types: Type A, where the airway leads directly into the target lesion; Type B, where the airway is adjacent to the target lesion; and Type C, which applies to target lesions without a leading airway. Type A is referred to as a direct bronchus sign, while Types B and C are categorized as indirect bronchus signs.
· Reference: 
· Minezawa T, Okamura T, Yatsuya H, et al. Bronchus sign on thin-section computed tomography is a powerful predictive factor for successful transbronchial biopsy using endobronchial ultrasound with a guide sheath for small peripheral lung lesions: a retrospective observational study. BMC Med Imaging 2015;15:21. 

Nature of lesion
· Lesions were categorized as solid if showing pure soft tissue attenuation on CT scan
· Lesions were categorized as non-solid for pure ground glass and part-solid nodules.
· Pure-ground glass nodules: pure ground glass attenuation on CT scan
· Part-solid nodules: present of both ground glass and soft tissue attenuation components 
· Reference: 
· Bankier AA, MacMahon H, Colby T, Gevenois PA, Goo JM, Leung ANC, et al. Fleischner society: glossary of terms for thoracic imaging. Radiology 2024; 310 (2): 232558.





Airway generation definition 
· In this study, the airway generation was categorized based on the Japanese classification. Specifically, the right and left main bronchi were labelled as Generation 0, followed by the lobar bronchi as Generation 1, segmental bronchi as Generation 2, sub-segmental bronchi as Generation 3, and so on.
· Reference: 
· Kurimoto N, Morita K. Kikanshi-kyō “eda yomi”-jutsu [Reading Technique of Bronchial Branch]. Tokyo: Igako Shoin; 2015. 


Grading of bleeding 
· We adhere to the Nashville Working Group Delphi Consensus criteria for post-transbronchial biopsy bleeding, which classifies bleeding into several grades:
· Grade 1: Bleeding is self-limiting and resolves with suctioning for less than 1 minute.
· Grade 2: Bleeding requires suctioning for more than 1 minute, repeat wedging of the bronchoscope, or instillation of a hemostatic agent.
· Grade 3: Bleeding necessitates balloon blockade for less than 20 minutes or premature termination of the procedure.
· Grade 4: Bleeding requires balloon blockade for more than 20 minutes, transfusion, admission to the intensive care unit (ICU), resuscitation, or bronchial artery embolization.
· Reference: 
· Folch EE, Mahajan AK, Oberg CL, et al. Standardized definitions of bleeding after transbronchial lung biopsy: a Delphi consensus statement from the Nashville Working Group. Chest. 2020;158(1):393-400. 





Supplementary Table 

	Supplementary Table 1 Histology findings of conclusive cases

	Malignant
	28 (65.1)

	
	Primary lung
	18

	
	
	Adenocarcinoma
	16

	
	
	Adeno-squamous
	1

	
	
	Small cell carcinoma
	1

	
	Metastatic lung
	10

	
	
	Colorectal adenocarcinoma
	2

	
	
	Breast adenocarcinoma
	2

	
	
	Renal cell carcinoma
	1

	
	
	Pancreatic adenocaricinoma
	1

	
	
	Nasopharyngeal squamous cell carcinoma 
	1

	
	
	Melanoma 
	1

	
	
	Cervical adenocarcinoma
	1

	
	
	Tonsillar squamous cell carcinoma
	1

	Non-malignant
	15 (34.9)

	
	Tuberculosis 
	11

	
	
	Caseating granuloma
	3

	
	
	Caseating granuloma & positive Xpert MTB/RIF
	3

	
	
	Non caseating granuloma
	3

	
	
	Non caseating granuloma with positive Xpert MTB/RIF
	1

	
	
	Chronic inflammation with lesion resolved with anti-tuberculous therapy*
	1

	
	Infection or Inflammatory
	4

	
	
	Penicillium nodule  
	1

	
	
	Chronic inflammation and stable on CT for 12 months*
	2

	
	
	Chronic inflammation and stable on CT for 9 months*
	1


*diagnosis only apparent after integration of follow up data  







	Supplementary Table 2 Histology findings of inconclusive cases and their final outcome

	Histology
	N
	Final outcome

	Bronchial epithelium 
	2
	EUS-FNA - adenocarcinoma lung (1)

	
	
	Defaulted, no follow up data (1)

	Atypical cells 
	1
	VATS: metastatic colorectal adenocarcinoma (1)

	Collapsed alveolar tissue
	1
	No biopsy, radiological progression of malignancy (1)




	Supplementary Table 3 Reasons for failed navigation and inconclusive biopsy

	Case
	Navigation success
	Conclusive biopsy
	Reason 

	1
	No
	Yes
	Final airway did not contact the target PPL; hence, no rEBUS signal was detected. Cryobiopsy was performed with a longer freezing time and yielded squamous cell carcinoma.

	2
	No
	Yes
	The final airway leading to the target PPL was fibrotic, and the rEBUS probe failed to engage due to immense resistance. Cryobiopsy was performed at the ostium, yielding caseating granuloma.

	3
	No
	No
	The target PPL was located in the posterior basal segment of the left lower lobe. rEBUS failed to detect a conclusive signal, with the predominant signal showing atelectatic lung. Biopsy yielded collapsed alveolar tissue.

	4
	No
	No
	The target PPL was part-solid in nature and invisible on fluoroscopy. rEBUS failed to detect a conclusive signal, and the biopsy was non-representative.

	5
	Yes
	No
	The target PPL was located in the medial sub-segment of the right upper lobe apical segment. Localization was achieved with mini-probe rEBUS with difficulty but failed to engage with stiff biopsy tools in the UTB working channel.

	6
	Yes
	No
	The target PPL was located in the 8th airway generation of the apical segment of the left upper lobe. Localization was achieved with mini-probe rEBUS but failed to engage with stiff biopsy tools in the UTB working channel.






	Supplementary Table 4 Diagnostic yield of forceps vs. cryobiopsy based on rEBUS orientation

	
	Conclusive
	p-value

	Concentric
	Forceps
	100.0 (9/9)
	n.a.

	
	Cryo 
	100.0 (12/12)
	

	Non-concentric
	Forceps 
	50.0 (2/4)
	0.037

	
	Cryo 
	90.9 (20/22)
	





	Supplementary Table 5 Grade of bleeding from forceps vs. cryobiopsy 

	Bleeding Grade
	Forceps
	Cryo
	p-value

	Grade 0
	100.0 (13/13)
	47.1 (16/34)
	0.011

	Grade 1
	-
	38.2 (13/34)
	

	Grade 2
	-
	5.9 (2/34)
	

	Grade 3
	-
	8.8 (3/34)
	





	
