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Robotic assisted-bronchoscopy: technical tips and lessons learned from the initial experience with sampling peripheral 
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Dong Il Park, Ju Ock Kim, Sung Soo Jung, Hee Sun Park, Chae Uk Chung, Yeon Hee Park, Min Cheol Jeon
European Respiratory Journal Sep 2016, 48 (suppl 60)



The Role of Image Guidance 
in The Era of Robotic Assisted Bronchoscopy

• Planning and Navigation to the target

• Confirmation of arrival at the target



Image-guided bronchoscopy for biopsy of peripheral pulmonary 
lesions

1. preprocedural Thin slice Chest CT : 0.6mm, axial, coronal, sagittal

2. Fiberoptic bronchoscope with/without Catheter OR Robotic bronchoscope

3. Planning and Navigation to the target

4. Confirmation of arrival at the target 

5. Biopsy tools

6. Sufficient tissue acquisition Rapid on-site evaluation (ROSE)

Radial probe EBUS
Cone Beam CT

Optic

VBN, ENB, Augmented Fluoroscopy
Cone Beam CT



`

• Robotic platform

with/without

• Augmented Fluoro or CBCT



Additional imaging devices

1. SuperDimension : ENB

2. Illumisite : Digital Tomosynthesis-assisted fluoroscopic 

Electromagnetic navigational bronchoscopy (DT-ENB)

3. LungVision : Augmented Fluoroscopy 

4. CBCT : Fixed Cone Beam CT

5. Cios Spin : Mobile Cone Beam CT



Advanced fluoroscopic imaging modalities 
during peripheral bronchoscopy OR Robotic 
Assisted Bronchoscopy
(use of ancillary technology to accommodate for 
CT-to-body divergence)



Agenda

• Limitation of virtual guidance and fluoroscopy using Mobile C-Arm X-Ray System in 
the peripheral lung lesions

• CT-to-Body Divergence (CTBD)

• Advanced fluoroscopic imaging modalities 
• Digital Tomosynthesis-assisted fluoroscopic electromagnetic navigational 

bronchoscopy (DT-ENB) : ILLUMISITE Fluoroscopic Navigation Platform

• Augmented Fluoroscopy 
• LungVision (Body Vision Medical Ltd., Ramat Ha Sharon, Israel)

• Cone-Beam CT with Fluoroscopy or Augmented Fluoroscopy 
• Fixed Cone-Beam CT with Augmented Fluoroscopy 
• Mobile Cone-Beam CT : CIOS 3D Spin Mobile (Siemens Healthineers)



Limitation of virtual guidance in the peripheral lung lesions

• The diagnostic yield was 76.9% (50/65) in the VBN-assisted group and 

85.9% (55/64) in the X-ray fluoroscopy (XRF)-assisted groups.

• The non-inferiority of the VBN-assisted group could not be confirmed.

• X-ray fluoroscopy is necessary to improve the accuracy of sample 

collection from lesions



Limitation of virtual guidance in the peripheral lung lesions

69.8%55.2%67.8%

• multicenter study in the US and Europe

• combined ENB and fluoroscopy was far more frequently used in the US than 

Europe (91.0% vs. 41.7%), possibly contributing to the higher diagnostic yield 

(69.8% vs. 55.2%)



Limitation of fluoroscopy using Mobile C-Arm X-Ray 
System in the peripheral lung lesions

• Identification of tumor depth

• Check the distance to the pleura

• Make sure the forceps are open

"Fluoroscopy provides real-time imaging, but it 

has the disadvantage of not showing the 

pathway to the target and the target itself."



CT-to-Body Divergence (CTBD)

• The discrepancy between the static preprocedural CT scans and the dynamic lung anatomy during 
bronchoscopy

• Lung Volume Variance: Differences in lung volume between spontaneous breathing during CT and 
mechanical ventilation during bronchoscopy.

• Patient Position: Changes in patient positioning can alter thoracic and lung anatomy.

• Time Gap: Variations in lung anatomy due to the time elapsed between the preprocedural CT and the 
bronchoscopy.

• Localization Accuracy: Divergence can lead to inaccurate localization of the target lesion, especially in the 
lower lobes. Navigation systems may show successful localization, but actual bronchoscope position may be 
off-target.



CT-to-Body Divergence (CTBD)
The Effect of Respiratory Motion on Pulmonary Nodule 

Chen A, Pastis N, Furukawa B, Silvestri GA. The effect of respiratory motion on pulmonary nodule location 
during electromagnetic navigation bronchoscopy. Chest. 2015 May;147(5):1275-1281



CT-to-Body Divergence (CTBD)

Shaller BD, Sethi S, Cicenia J. Imaging in peripheral bronchoscopy. Curr Opin Pulm Med. 2024 Jan 1;30(1):17-24



CT-to-Body Divergence (CTBD) : 
atelectasis during general anesthesia

Casal RF, Sarkiss M, Jones AK, Stewart J, Tam A, Grosu HB, Ost DE, Jimenez CA, Eapen GA. Cone beam 
computed tomography-guided thin/ultrathin bronchoscopy for diagnosis of peripheral lung nodules: a 
prospective pilot study. J Thorac Dis. 2018 Dec;10(12):6950-6959. 



CT-to-Body Divergence (CTBD)
10%

• Divergence was defined as an overlap less than 10% between the target 

location on the pre-procedural CT and the target location during real-time 

mobile 3D imaging

• Divergence was identified in 50% of nodules

the target location on the 
pre-procedural CT

the target location during 
real-time mobile 3D imaging





Digital Tomosynthesis-assisted fluoroscopic 
Electromagnetic navigational bronchoscopy (DT-ENB) 
IllumisiteTM



Digital Tomosynthesis of the Chest

Pakkal M., et al. ASEAN J Radiol 2023; 24(2) : 180-198 



Digital Tomosynthesis-assisted fluoroscopic 
Electromagnetic navigational bronchoscopy (DT-ENB) 
IllumisiteTM

• the virtual pathway from the preprocedural CT imaging

• Once the bronchoscope reaches the nodule, local registration using Digital 
Tomosynthesis(DT) is performed to address CT to body divergence

• The software can accommodate conventional C-arm hardware which made the device 
easily adopted



• retrospective study comparing ENB and DT-ENB 

• improved diagnostic yield of 25% using DT (54% ENB vs 79% DT-ENB)



Digital Tomosynthesis-assisted fluoroscopic 
Electromagnetic navigational bronchoscopy (DT-ENB) 
IllumisiteTM

• the diagnostic yield of Digital Tomosynthesis-assisted fluoroscopic 

Electromagnetic navigational bronchoscopy (DT-ENB) and shape sensing RAB 

(ssRAB). 

• Both showed comparative diagnostic yield (DT-ENB 80% VS. ssRAB 77%)



Current evidence of DT-ENB

Abdelghani R, Omballi M, Abia-Trujillo D, Casillas E Jr, Villalobos R, Badar F, Bansal S, Kheir F. Imaging modalities during 
navigational bronchoscopy. Expert Rev Respir Med. 2024 Mar-Apr;18(3-4):175-188.



Augmented Fluoroscopy (LungVisionTM)

Cicenia J, Bhadra K, Sethi S, Nader DA, Whitten P, Hogarth DK. Augmented Fluoroscopy: A New and Novel 
Navigation Platform for Peripheral Bronchoscopy. J Bronchology Interv Pulmonol. 2021 Apr 1;28(2):116-123.



Augmented Fluoroscopy (LungVisionTM)

• system providing real time augmented fluoroscopic 
navigation and tool-in-lesion confirmation.

• Using the same principles of DT imaging, the system uses 
proprietary artificial intelligence in combination with 
conventional mobile C-arm X-ray system



Augmented Fluoroscopy (LungVisionTM)

• multicenter study of 55 patients

• a nodule localization success rate at 93% with an overall diagnostic yield of 75.4%

Cicenia J, Bhadra K, Sethi S, Nader DA, Whitten P, Hogarth DK. Augmented 
Fluoroscopy: A New and Novel Navigation Platform for Peripheral Bronchoscopy. J 
Bronchology Interv Pulmonol. 2021 Apr 1;28(2):116-123.



Current evidence of Augmented Fluoroscopy 
(LungVisionTM)

Abdelghani R, Omballi M, Abia-Trujillo D, Casillas E Jr, Villalobos R, Badar F, Bansal S, Kheir F. Imaging modalities during 
navigational bronchoscopy. Expert Rev Respir Med. 2024 Mar-Apr;18(3-4):175-188.



Cone-Beam computed tomography

https://perswww.kuleuven.be/~u0015224/publications/TaoSun_PhDthesis.pdf



Cone-Beam computed tomography : 
Fixed CBCT-AF and Mobile CBCT

https://www.siemens-healthineers.com/



Fixed CBCT-AF

• 그림 동영상 Single - Plane

Biplane

Bi - Plane

Multi-purposeCeiling-mounted Floor-mounted



Fixed CBCT-AF

Ravikumar, N.; Ho, E.; Wagh, A.; Murgu, S. Advanced Imaging for Robotic Bronchoscopy: A Review. Diagnostics 2023, 13, 990Ravikumar, N.; Ho, E.; Wagh, A.; 
Murgu, S. Advanced Imaging for Robotic Bronchoscopy: A Review. Diagnostics 2023, 13, 990



Fixed CBCT-AF

• Highlight target lesions using augmented fluoroscopy

• Two dimensional digital panel detector that receives X-rays in a 
cone-shaped distribution from the  X-ray source.

• Captures images throughout the 5-10 second CBCT spin

• Spin is acquired during an inspiratory breath hold to decrease 
respiratory motion artifact.

• CBCT platforms employ augmented fluoroscopy



Current evidence of Fixed CBCT-AF

Abdelghani R, Omballi M, Abia-Trujillo D, Casillas E Jr, Villalobos R, Badar F, Bansal S, Kheir F. Imaging modalities during 
navigational bronchoscopy. Expert Rev Respir Med. 2024 Mar-Apr;18(3-4):175-188.



Fixed CBCT-AF

• diagnostic accuracy of 91.04% 

in a cohort of 209 lung lesions 

• 100% tool-in-lesion confirmation and 

an 86.6% sensitivity for malignancy



Mobile CBCT



Abia-Trujillo D, Folch EE, Yu Lee-Mateus A, Balasubramanian P, Kheir F, Keyes CM, Villalobos R, Chadha RM, Hazelett BN, 
Fernandez-Bussy S. Mobile cone-beam computed tomography complementing shape-sensing robotic-assisted bronchoscopy in 
the small pulmonary nodule sampling: A multicentre experience. Respirology. 2024 Apr;29(4):324-332



Mobile CBCT with ssRAB

• the CIOS 3D Mobile Spin system in conjunction with the Ion Endoluminal System

• the tool in lesion was achieved in 96.7% 

• diagnostic yield of 93%, 

• overall sensitivity for malignancy of 91% 



Mobile CBCT with ssRAB

• The diagnostic yield of ssRAB with mobile CBCT was found to be similar to that of 

ssRAB with standard 2D fluoroscopy

• mobile CBCT enabled the targeting of more complex and subsolid peripheral 

pulmonary nodules (PPNs) effectively



Current evidence of Mobile CBCT 



CBCT with or without a robotic assisted bronchoscopy 

• no significant differences in diagnostic yield (88% vs. 90% for RB-CBCT, P=0.822) 

or incidence of complications between the FB-CBCT and RB-CBCT.

• CBCT-guided bronchoscopy with or without a robotic assisted bronchoscopy 

platform is a safe and effective method for sampling PPLs

• the integration of a robotic-assisted plat form was associated with significantly 

shorter procedure times and  significantly less radiation exposu



Summary

• CT-to-body divergence occurs due to differences between static preprocedural 
CT scans and the dynamic, breathing lung during bronchoscopy. 

• This divergence can lead to inaccuracies in locating lesions, which is critical for 
successful biopsies.

• To address this, several ancillary technologies have been developed

• Digital Tomosynthesis-assisted fluoroscopic electromagnetic navigational 
bronchoscopy (F-ENB)

• Augmented Fluoroscopy 

• Mobile Cone-Beam CT with Fluoroscopy or Augmented Fluoroscopy

• Fixed Cone-Beam CT with Fluoroscopy or Augmented Fluoroscopy



Summary

• Advanced fluoroscopic imaging modalities 

• ENB : superDimension Navigation System

• Digital Tomosynthesis-assisted fluoroscopic electromagnetic navigational 
bronchoscopy (DT-ENB) : ILLUMISITE Fluoroscopic Navigation Platform

• Fluoroscopy using Mobile C-Arm X-Ray System

• Augmented Fluoroscopy 

• LungVision (Body Vision Medical Ltd., Ramat Ha Sharon, Israel)

• Cone-Beam CT with Fluoroscopy or Augmented Fluoroscopy 

• Fixed Cone-Beam CT with Augmented Fluoroscopy 

• Mobile Cone-Beam CT : CIOS 3D Spin Mobile (Siemens Healthineers)





Core message

• Interventional pulmonologists must possess a comprehensive understanding of 

the characteristics, benefits, and limitations of diverse advanced fluoroscopic 

imaging modalities. 

• Additionally, Interventional pulmonologists should be proficient in integrating 

these modalities with peripheral bronchoscopy or robotic-assisted bronchoscopy.
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