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Incidence of Incidentally Detected Nodules

Gould et al. Am J Respir Crit Care Med. 2015

• Frequency of chest CT imaging and positive scans



Wide Implementation of Lung Cancer Screening

• Increasing early detection of peripheral lung cancer

- Distribution of lung nodules detected from the NELSON trial

Horeweg et al. AJRCCM. 2013.

Right lung (65.6%) Predominantly in the periphery of lungs 

Peripheral or pleural-attached Central or middle one-third

Adenocarcinomas 82.2% 17.8%

Squamous cell carcinomas 62.9% 37.1%



Diagnostic Tissue Sampling for Pulmonary Nodules

• Nonsurgical biopsy

- Transthoracic needle biopsy

- Conventional bronchoscopy and EBUS -> Not optimal for peripheral nodules

- Advanced image-guided bronchoscopy

• Surgical biopsy

- Sublobar resection with VATS or RATS preferred
Sensitivity of flexible bronchoscopy for peripheral lung lesions

Rivera et al. Chest. 2013



Transthoracic Needle Biopsy 

• Conducted under local anesthesia

• High diagnostic yield > 90%

• Lower diagnostic yield for smaller nodules

• Notable rate of complications (pneumothorax rate =~ 25%)

-> Increased risk with <2cm, and distance from pleura

-> limitations from surrounding emphysema + lesions near diaphragm/major vessels

National Cancer Institute

Lee et al. Radiology. 2019



Challenges of Bronchoscopic Sampling of Peripheral Lesions
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Preoperative Tissue Acquisition

H&E staining
- Few cells (10-50)
- Diagnosis

-> Malignancy 
-> Histologic type

• Tissue requirements 

IHC
- 100 cells 

-> PD-L1
-> EGFR 
-> ALK

NGS
->10% viable tumor

500ng – 2ug (1cc)
-> Target mutations
-> TMB
-> Large gene panels

Larger specimen volume



How to Optimize Tissue Adequacy

Peripheral 

Approach
- Transthoracic
- Bronchoscopic

Guidance
- CT/fluoroscopy
- Robotic
- EMN
- Radial US

Tool
- Needle
- Forceps
- Cryoprobe

Approach
- Systemic
- Selected

Tool
- Needle guage
- Forceps
- Cryoprobe

-Number of passes
-ROSE 

Central/LN (EBUS) 



Advanced Image-guided Bronchoscopy 

• Moderate sedation or general anesthesia

• Diagnostic yield of 70-80%

• Lower risk of complications (pneumothorax rate <5%)

• Sequential mediastinal staging with EBUS is available

• Lower diagnostic yield for smaller nodules without bronchus sign

Electromagnetic Navigation Bronchoscopy Radial EBUS Robot-assisted (shape sensing)

Kemp. Respiration. 2020

Simoff et al. BMC Pulm Med 2021



Choice for Initial Biopsy: TTNB or Bronchoscopy?

- VERITAS: RCT evaluating the diagnostic accuracy of TTNB vs. ENB

Lentz. ATS 2024



Landscape of Robotic & Navigation Assisted Bronchoscopy

Electromagnetic Navigation Bronchoscopy Shape-sensing Navigation Bronchoscopy

SuperD
Medtronic

2004

Ion
Intuitive

2019

Veran
Olympus

2005

Monarch
Johnson & Johnson

2018

Galaxy
Noah Medical

2023



Electromagnetic Navigation Bronchoscopy

The first clinical study initiated in Germany, 

2003 (SuperDimension)

Third system developed by Veran 2006

Second ENB system by Aurora 

(Canada), 2005 

Mehta et al. Chest. 2018.



Current ENB Platforms

Mehta et al. Chest. 2018.

- Planning CT scan views 

- Virtual bronchoscopic images. 

- CT scan and lesion views guiding   

biopsy procedure.



Current RAB platforms: Monarch



Current RAB platforms: Galaxy



Shape-sensing Robotic Bronchoscopy: Ion

• Fiber optic shape-sensing as a novel navigation technology



Comparison with Conventional ENB

Shape-sensing Robotic Bronchoscopy
Electromagnetic Navigation 

Bronchoscopy

Technology for Navigation guidance Shape-sensing fiberoptic Electromagnetic

EM Field generator, patient sensors No Yes

Metal interference No Yes

Visualization Direct camera + Virtual Virtual

Catheter tracking Full Catheter Tip (EM sensor in catheter or tool)

Catheter O.D 3.5mm Bronchoscope: 6.0mm

Working channel 2.0mm 2.0mm

Flexible needle Yes No

EBUS compatible Yes Yes



Comparison of Current Robotic Bronchoscopy Platforms

JTD. 2024.



Optimizing the Procedure: Anesthesia and Ventilation Protocol

Khan et al. J Thorac Dis. 2023

Bhadra et al. Interv Pulmonol. 2022

Salahuddin et al. Chest. 2022



Optimizing the Procedure: Complementary Techniques

Radial EBUS Cone-beam CT ROSE



Reports of Diagnostic Yield

Zhang et al. Thorac Cancer. 2024.



Diagnostic Yield by Lesion Size and Platforms
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CT Bronchus Sign and Diagnostic Yield

All Ion* 8Kalchiem-Dekel 4 Benn 5 PRECIsE 3 Pritchett 6

41%

62%
46%

25%
38% 37%

79%

82%

86%

83%

92% 88%

Diagnostic yield

Bronchus sign

1.7cm 1.7cmAvg. lesion size

Imaging

1.8cm

rEBUS

CIOs CBCT

No. of Nodules 131 192

1.5cm

rEBUS 

CBCT (75%)

29

rEBUS

C-Arm

1.4cm

59 69

CBCT
rEBUS 

C-Arm

Fielding 1

1.8cm
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Future Directions of Research

Chan et al. Transl Lung Cancer Res. 2021.
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