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Assisted Access to the Lung Periphery (Nodules/lesions)

AI, CAD, CBCT, rEBUS, EMN, VB, UB, RB

and beyondé..



Definition of a ñperipheral Noduleò

Node not reachable with a conventional 

Bronchoscope with OD >5mm. 

Can be either solid, subsolidor ggoand 

guidelines for follow up distinguish between < 

8 and > 8 mm



Å23,780 individuals with a nodule measuring > 8 mm, including 

ÅCa was diagnosed in 5.4% of never smokers, 12.2% of former smokers, and 17.7% of 

current smokers. 

ÅCancer was diagnosed in 5.7% of patients with nodules measuring  9 -15 mm, 12.1% 

of patients with nodules 15-20 mm, and 18.4% of patients with nodules 20-30 mm.

Å The Mayo Clinic model) was more accurate than the Brock model (p < .0001). Both 

models overestimated the probability of cancer.

ÅAlmost 10% of patients with an incidental pulmonary nodule measuring > 8 mm 

in diameter will receive a lung cancer diagnosis. 

Chest 2021 Aug 6;S0012-3692(21)03624-2 



Early Lung Ca shift?
Pathology-specific differences in the proportion of 
early cancer between baseline and the repeat 
rounds. Data pooled from the aǸƴǎǘŜǊ, Israel, 
Mayo, Toronto, NELSON & ITALUNGstudies.

Reasons for histological Dx before 

Surgical Management

ÅBenign etiology is always probable

Å25% of the pts are not fit for surgery

ÅPatients may qualify  for neo-adjuvant 

strategy

PLOS ONE | DOI:10.1371/journal.pone.0164416 October 13, 2016 



In patients with resectableNSCLC, 

Neoadjuvant Nivolumabplus 

Chemotherapy  as well as Pembrolizumab

plus chemotherapy followed by resection 

and adjuvant pembrolizumab, resultedin 

significantly longer event-free survival 

and a higher percentage of patients with a 

pathological complete response than 

chemotherapy alone. 

The addition of nivolumab or 

Pembrolizumabto neoadjuvant 

chemotherapy did not increase the 

incidence of adverse events or impede the 

feasibility of surgery.. 

Checkmate 816 (2022)

Keynote 671 (2023)



Peripheral Pulmonary lesions

Non 

Interventional 

approach

Interventional 

approach





DIAGNOSIS AND MANAGEMENT OF LUNG CANCER, 3RD ED: ACCP GUIDELINES



15822 participants in NELSON trial 

(7915 LDCT screening vs 

7907 no screening)

196 screen cancers were detectedand another 34 in the 1st year after screening and 15 in 

the 2nd year after screening. Retrospective assessment of the last screening CT and clinical 

CT in 34 patients with interval cancer, showed that interval  cancers were not visible in 

35% of the cases or cancers were visible when retrospectively assessed but were not 

diagnosed because of radiological detection and interpretation errors (50%) 

misclassification by the protocol (6%), participant non compliance (6%) and non 

adherence to protocol (3%).



Artificial intelligence (AI )

and pulmonary nodules

ClinRadiol . 2020 Jan;75(1):13-19. 

These protocols employ nodule volumetry, measurement of 

volume doubling time and morphology analysis. 

Algorithms of artificial intelligencecombine these parameters. 



Baldwin DR, et al. Thorax 2020;75:306ï312. 

VPerformance of an AI algorithm, the 

lung cancer prediction convolutional 

neural network (LCP-CNN) for 

nodules 5-15 mm,  with that of the 

Brock University model, 

recommended in UK guidelines.

VThe LCP-CNN is an AI tool that 

analyses parts of a CT scan around a 

nodule of interest and provides a score 

from 0 to 100 for that nodule



Baldwin DR, et al. Thorax 2020;75:306ï312. 

The LCP-CNN 

achieved an AUC of 

89.6% , compared with 

86.8% for Brock. 

(p<0.005).



Computer aided diagnosis systems 
(cad)

ÅDetection

ÅSegmentation

ÅClassification

ÅQualification

ÅQuantification

ÅAnatomical Structure 

ÅRisk Assessment





Combined Clinical, Imaging and Biological markers



Interventional Techniques

ÅCT guided TTB (sens65-94%)

ÅRadial EBUS (sens70-75%)

ÅUltrathin Bronchoscope (sens70%)

ÅVirtual Navigation Bronchoscopy

ÅElectromagnetic navigation (sens70%)

ÅRobotic Assisted Bronchoscopy (sens75%)

ÅCombining rEBUS/EMN/VB/UB/Fluoroscopy (sens88-90%)

+/- ROSE



ÅCT-FNA yields high sensitivity values around 90%, with a slightly lower sensitivity of 68ï

78% for smaller lesions ( Ò 15 mm in diameter).

ÅSensitivity drops further with increasing distance between the nodule and pleura

Hofmann et al. Clin Lung Ca 2009.

Ost D et al. Chest 2008
Hautmann H et al.Respirology 2010

CT guided fine needle aspiration

The overall complication rate for traversed lung depth Ó 20.5 mm 

was 48% compared to 18% for traversed lung depth < 20.5 mm 

(p< 0.001).ò





Mondomi M et al. Eur Respir J 2016

¤Higher diagnostic accuracy if :

ÁThere isbronchus sign 0.70 vs. 0.51

ÁThere isROSE 0.62 vs. 0.51

ÁMalignancy 0.55 vs. 0.17

ÁLesion> 30 mm 0.81 vs. 0.55

ÁCombined with ɇȸɁȷ in the mediastinum



Radial mini-probe 1.8 ς2 ς2.6 mm scopes

Guide sheath- brush- needle- forceps

Driving unit

Positioning device for the guide sheath

Radial EBUS



360ϲDegrees rotating view

Radial EBUS

Mass view

Lung (snowstorm) view



Variability 26,5-79,9% (depends on the size butmostly location regarding the bronchus)



2017;12:162-70.

Ultrasound radial probe located within the lesion, 

Ultrasound radial probe adjacent to the lesion (from 4 

oôclock to 9 oôclock), 





Pathway Selection

Virtual Bronchoscopic navigation based on CT scan

A color code indicates the relationship and the 

distance of the lesion from the respective  bronchus.



VB navigation versus non-VB navigation bronchoscopy for the diagnosis of 

peripheral pulmonary lesions: a systematic review and meta-analysis

TherAdv Respir Dis 2021, Vol. 15: 1ï11

ÅSix RCTs with 1626 patients 

(Japanese and Chinese centers). 

ÅOverall diagnostic rate although 

higher, did not reach statistical 

significance in the VBNA (74.2%) 

vsNVBNA (69.5%) groups.

Å In the VBNA group, the total 

examination time was significantly 

shorter. 

ÅSuperiority of VBNA over 

NVBNA was evident among 

patients with pulmonary nodules 

20 mm.



Advantages

ÅDirect visualization

ÅDiagnostic yield 70-73% l

ÅDepending on:

ÅSize, location disparity while according

Ost D et al. Chest2008 does not add significantly to standard bronchoscopy

Disadvantages
ÅRadiation for both doctor and patient
ÅTime consuming in the CT department
ÅLogisticsé

ÅDuhigN et al. J Bronchol2002

ÅShinagawaN et al. Chest2004

ÅOst D et al. Chest2008

ÅHautmannH et al. Respirology2010

Real time check of the pathway to the lesion
bronchoscopy under CT fluoroscopy



Respiration 2019;97:52ï59 

Å Consecutivepatients who underwent bronchoscopy for 

small PPLs (major diameter Ò30 mm) were 

retrospectively reviewed. 

Å 69 patients underwent bronchoscopy without VB and 56 

patients underwent bronchoscopy with VB.

Å The VB group had a significantly higher diagnostic 

yield than the non-VB group (57.1 vs. 33.3%; p = 

0.008). In the multivariate analysis, VB was identified 

as a significant factor affecting the diagnostic yield 

(odds ratio: 3.30, p = 0.011). 

Å In the conventional bronchoscopy settings, VB using 

the CT workstation is efficient for the diagnosis of PPLs 

when other guided-bronchoscopy techniques are 

unavailable.



Real time check of the pathway leading to the lesion

Cone beam CT andaugmented fluoroscopy bronchoscopy

ÅThe CT image is acquired after one 

convolution around the patient. 

ÅAnalysis very close to conventional CT

ÅLess radiation

ÅLess time needed for time acquisition. 

ÅReconstruction of image and use of it in a 

3D hybrid fluoroscopy, in order to 

confirm exact positioning of biopsy tools 

(needle, forceps). 



The first rotation produces image acquisition 

and segmentation (identification) of targeted 

nodule. Tracking and positioning of tools with 

3D fluoroscopy and segmentation of the nodule 

projected follows.

Journal of Bronchology& Interventional Pulmonology 2018; 25: 274-282



Augmented Fluoroscopy & Lung VisionÊ

3D-real time 
image guidance



Vehicle 

selection

Video by Dr Sh. Lachcar





J ThoracDis 2020;12(12):7675-7682 |



Although the target lesions were invisible by conventional C-

arm fluoroscopy in 29 patients, CBCT visualized all 40 lesions. 

The overall diagnostic yield was 90.0%, and diagnostic yields for 

malignant and benign lesions were 92.0 and 86.7%, respectively. 

Diagnostic yields for CBCT target-forceps sign types A, B, and C 

were 100, 75.0, and 0%, respectively. Four undiagnosed patients 

proceeded to other diagnostic procedures based on the CBCT target 

forceps sign (type B: n = 2, type C: n = 2) and were correctly 

diagnosed without delay. 

Transbronchial biopsy using an ultrathin bronchoscope guided 

by CBCT and VBN showed a very high yield in the diagnosis of 

pulmonary nodules.

Respiration 2019;98(4):321-328 





Å Lead tools to peripheral target

Å Using CT "roadmap" for real time navigation

Å Enable tool: real-time location and steerability

Å Navigate: towards target, overlaid on CT images

Electromagnetic navigation



Great variability: 15,8-94% (depending on the size, location and patient selection)



ÅENB reported a pooled sensitivity of 

77% (95% CI, 72%-82%), PTX risk 2%

Chest 2020;158(4):1753-69

Included 40 studies and 3342 patients





JTD 2020;12:3272-3278


