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Lung cancer screening will lead to a considerable
stage shift in lung cancer patients

N Engl J Med. 2020 Feb 6;382(6):503-513, Cancer. 2019 Jun 15;125(12):2039-2048
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Advanced Imaging-Guided Techniques in Thoracic 
Surgery

Cancer. 2019 Jun 15;125(12):2039-2048

1. Preoperative 3D reconstruction

2. Electromagnetic Navigation Bronchoscopy (ENB) guided marking

3. Dual image hybrid operation

4. Infrared thoracoscopy with intravenous injection of indocyanine green (IRT-ICG) 

method



3D reconstruction for preoperative planning

5

Xinyu Zhang, Di Yang, Linqian Li, Jianing Wang, Si Liang, Peng Li, Zhe Han, Xiaodong Wang and Ke Zhang.

pplication of threedimensional technology in video-assisted thoracoscopic surgery sublobectomy

Andres Obesoa, Numan Balci b, Yusuf Bayraka, Usman Ahmada (2024) . Innovative 

Use of 3D Reconstruction Models of the Pulmonary Artery for Preoperative Planning, 



3D reconstruction for preoperative planning
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(a) Three-dimensional (3D) lung reconstruction. (b) Visualization of the arterial vessels. (c) Visualization of venous system

Krass, S., Lassen-Schmidt, B., & Schenk, A. (2022). Computer-assisted image-based risk analysis and planning in lung surgery— A review. 

Frontiers in Surgery, 9, 920457
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Krass, S., Lassen-Schmidt, B., & Schenk, A. (2022). Computer-assisted image-based risk analysis and planning in lung surgery— A review. Frontiers in Surgery, 

9, 920457



3D reconstruction for preoperative planning
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Krass, S., Lassen-Schmidt, B., & Schenk, A. (2022). Computer-assisted image-based risk analysis and planning in lung surgery— A review. 

Frontiers in Surgery, 9, 920457

Sung Soo Chang, MD, Taku Okamoto, MD, Yoshimasa 

Tokunaga, MD, and Takayuki Nakano, MD. Intraoperative 

Computed Tomography Navigation During Thoracoscopic 

Segmentectomy for Small-sized Lung Tumors
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3D reconstruction for preoperative planning

Toyofumi Fengshi Chen-Yoshikawa (2024). Current Status and Future Perspectives of Preoperative and Intraoperative Marking in Thoracic Surgery



Advantages

• Enhanced anatomical understanding

• Accurate surgical planning and 

assessment of R0 resection

• Shorter operating time

• Less intraoperative complications

• Improves surgical training and 

education

Limitations

• Resource intensive

• Depending on CT imaging quality 

–> HR + 1mm CT scan!

• Calculation of deflation during surgery 

(lung inflated in CT – Impact on 

Resection margin)

• Preparation of 3D model
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3D reconstruction for preoperative planning
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1. Dye marking with Methylen blue

-> visible for more than 3 days after marking

Limitations:

- Absence of blue print on pleural surface

- Dye leckage into adjacent segments

- Could interfere with histological analysis

Jae Won Song MD et al (2022). Electromagnetic Navigation Bronchoscopy-Guided Dye 

Marking for Localization of Pulmonary Nodules

2. Fiducial markers 

Limitations:

- Marker migration

- Risk of pneumothorax or hemoptysis

- Not suitable for COPD patients

- Technical challenge; operator dependent

A) SuperLock
TM

, B) CyberMark
TM

, C) VISICOIL
TM

Edward M. Pickering et a. (2018). Electromagnetic navigation bronchoscopy: a comprehensive review

ENB guided marking and resection
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• Hybrid procedures diagnosis and therapy

ENB guided marking and resection
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ENB guided marking and resection
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ENB guided marking and resection

• Ideally performed in Hybrid Operating room

Otis B. Rickman(2014). Electromagnetic Navigation–Assisted Bronchoscopy
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ENB guided marking and resection

Kawakita et al, Cancers 2024, 164038

CBCT represents an alternative modality for

identifying peripheral lung lesions due to its ability

to visualize even small GGNs.



Advantages

• Minimally invasive method

• Improves detection of small or deeply 

seated subsolid nodules

• Lower risk of penetrating the lesion, 

and parenchymal hematoma 

• No radiation exposure

• Suitable for VATS/RATS 

• Less conversions to thoracotomy

Limitations

• Technically challenging (expertise in 

bronchoscopy and navigation 

technology)

• Risk of marker migration (short time 

period between marking and surgery 

adviced)

• Challenging in patients with fibrosis 

and emphysema
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ENB guided marking and resection



18

• Combining near-infrared fluorescence method and intraoperative cone-beam CT

Dual image hybrid operation – real time tracking system
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• Combining virtually-assisted lung mapping with cone-beam CT and ICG-application 

(CAVE: patients with iodine hypersensitivity)

Toyofumi Fengshi Chen-Yoshikawa (2024). Current Status and Future Perspectives of Preoperative and Intraoperative Marking in 

Thoracic Surgery

Dual image hybrid operation – real time tracking system

Advantages:

• Visualisation of 

intersegmental lines

• Precise real-time localisation 

of small peripheral nodules

• Minimally invasive surgery 

with maximized oncological 

results



Standard resection

• Wedge resection

• Safety margin > tumor diameter

• In tumors < 2 cm or reduced lung function

• Anatomical segmentectomy

• Separate division of segmental artery, - vein and -bronchus

• Combination of different (sub-)segments

• In tumors < 2 cm or reduced lung function

• Lobectomy, Bilobectomy, Sleeve-lobectomy

• Anatomical standard resections

• Pneumonectomy, extended resections

T1a+b

T1a+b

T1-T4

T3/T4
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• Single center prospective single arm study. Markers placed using ENB. 

• ICG and wireless signal strength used to determine resection line

• 75 patients, R0 resection rate 98,7%, median margin 16 mm

Yutaka, Date et al. JTCVS Techniques 2024;28:141-50

Surgical margin assessment for intersegmental lesions by
radiofrequency markers



Intraoperative Navigation across other surgical specialties 
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Gianluca Rompianesi et al (2023). Preoperative planning 

and intraoperative real-time navigation with indocyanine 

green fluorescence in robotic liver surgery

K. Takahara et al (2022). Novel Intraoperative Navigation Using 

Ultra-High-Resolution CT in Robot-Assisted Partial Nephrectomy

Shunjin Ryu et al (2022). 

Intraoperative Holographic Guidance 
Using Virtual Reality and Mixed Reality 
Technology During Laparoscopic 
Colorectal Cancer Surgery

Urology

Colorectal surgery

Hepatobiliary surgeryNeurosurgery

Costas Hadjipanayis et al (2015). What is the Surgical 

Benefit of Utilizing 5-ALA for Fluorescence-Guided 

Surgery of Malignant Gliomas



ESTS expert consensus recommendations on technical 
standards of segmentectomy for primary lung cancer
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Brunelli A et al, EJCTS 2023, 63(6), ezad 224
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Summary

• 3D preoperative reconstruction enhances anatomical understanding, improves surgical
planning and increases accuracy in the assessment of R0 resection

• ENB-guided marking is a safe, minimally invasive method allowing precise resection of
lung nodules

• Dual imaging alows real-time precise identification of intersegmental lines and tumor
location, even in small, peripheral, non-palpable lung lesions



Thank you!
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