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REGIONAL SPOTLIGHT ïASIA:

Å51 % of the worldôs lung cancer cases occur in Asia.

Å21 % of cancer deaths in Asia are due to lung cancer
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IASLC database



Lung Cancer- The Changing Trend

ÅYounger patients   

ÅNon-smokers   

ÅEarlier detection     

ÅMore patient awareness

ïAnnual healthchecks

ï More liberal use of CT scan

ï Very small lesions at detection
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Diagnostic & treatment challenge

Å Growing rapidly in our workload

Small 
lesio
ns

GGOs

Multiple 
small 
GGOs

Multiple 
small 
GGOs 
cancer

Zhao Z, Situ D, Lau R, Mok T, Chen G, Ng CSH. Comparison of segmentectomy & lobectomy in stage IA adenocarcinomas. J Thorac Oncol 2017;12:890-6



LR

Small Ground Glass Opacity (GGO) 

lung shadow 

ÅLeft upper 

lobe 3mm 

GGO

Å Right

lower 

lobe 

3mm 

GGO
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Zhao ZR, Lau RW, Ng CS. Hybrid OR & alternative localization techniques in conventional & SPVATS.  J ThoracDis. 2016;8(S3):319-27

Pulmonary Nodules Localization Techniques



Hybrid OR Concept : IRCAD : Jacques Marescaux



Hybrid OR Concept : IRCAD : Jacques Marescaux



Thoracic
Advanced Multi-modality Imaging Guided 

Operating Room (AMIGO)

http://www.ncigt.org/IGTWeb/images/9/9f/AMIGOJuly2011-1.png
http://www.ncigt.org/pages/File:AMIGOJuly2011-3.png
http://www.ncigt.org/pages/File:AMIGOJuly2011-4.png
http://www.ncigt.org/pages/File:AMIGOJuly2011-2.png


World First Image Guided VATS (iVATS) in AMIGO 2013

Raphael Bueno, MD

Brigham & Women Hosp

J Surg Oncol. 2015;112:18-25



Hybrid OR- The Chinese University of Hong Kong:

Artis Zeego CBCT (PURE platform) - since 2014



Hybrid OR Dual Hookwire Localization

Ng CS, et al . Hybrid DynaCT Guided Localization Single Port Lobectomy. Chest 2015 Mar 1;147:e76-8

Zhao ZR, Lau RW, Ng CS. Hybrid theatre & alternative localization techniques in conventional & SPVATS. J Thorac Dis. 2016;8(S3):319-7



Hybrid OR Dual HookwireLocalization

Zhao ZR, Lau RWH, Ng CSH. Hybrid theatre & uniportal VATS: the perfect match for lung nodule localization. Thorac Surg Clin 2017;27:347-5



Atypical 

adenomatous 

Hyperplasia 

(AAH)

Adenocarcinoma 

in-situ (AIS)



General Ward

Radiology

CONVENTIONAL

HYBRID THEATRE

Artis Zeegosystem            DynaCT

Hookwire insertion

General 

Ward

RISK of : 

1.  PNEUMOTHORAX

2. DISLODGED WIRE 

3. PROLONGED PATIENT 

DISCOMFORT

Real-Time CT Image-Guided Hookwire Insertion 

HOOKWIRE + VATS 

in the SAME session

VATS



Hybrid OR hookwire localization ( iVATS) versus

Standard hookwire localization (S -VATS)

iVATS S-VATS p value

Lung Nodule: Radiological Features

Size (mm) 9.6 ± 4.6 9.1 ± 2.6 0.751

Distance from visceral pleura (mm)
10.1 ± 7.8

13.5 ± 10.8 0.452

Depth : Diameter ratio 1.3 ± 1.1 1.6 ± 1.4 0.632

% Soft/Ground Glass Opacity 63% 25% 0.068

Duration of 'at-risk' period (minutes) 41.2 ± 14.2 109.5 ± 53.4 0.011

Pneumothorax 41% 75% 0.096

Dislodged hookwire N = 0 N = 2 0.047

Yu PS, Lau RW, Underwood MJ, Chu CM, Yu SCH, Ng CSH. Minimally-Invasive Sublobar Resection of Tiny Pulmonary Nodules with 

Real-Time Image Guidance in Hybrid OR. Innovations 2016;11:98-99

Yu PSY, Chu CM, Lau RWH, Underwood MJ, Yu SCH, Ng CSH. VATS for Tiny Pulmonary Nodules with Real-time Image Guidance in 

Hybrid Theatre: The Initial Experience. J Thorac Dis 2018;10:2933-9



Electromagnetic Navigation Bronchoscopy (ENB) to target lesion

- FOB: 2.8mm working channel

- GA, Single Lumen Endotracheal tube size 7.5 or above



Intra -op CBCT

Siemens ArtisZeegowith ENB since2015 



iENB ïCBCT in Hybrid Theatre

Ng CS, Yu SC, Lau RW et al. Hybrid DynaCT Guided Electromagnetic Navigation Bronchoscopic Biopsy. Eur J Cardiothorac Surg 2016;48:i87-8

Lau WH, Chow CY, Chu C, Ng CS. Hybrid OR DynaCT Real-Time Image Guided ENB BiopsyïThe Initial Experience. Respirology 2016;21:(S3)74



ENB Navigation CBCT confirmation

Hybrid OR iENBworkflow
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1. Renavigate if failure

2. Guided by i-guide/fluoro/CBCT



ÅCBCT can 

confirm 

accurate 

successful 

ENB navigation/ 

biopsy

Hybrid OR iENB
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ÅCan also 

confirm 

inaccurate 

unsuccessful 

ENB 

navigation/ 

biopsy

Hybrid OR iENB

8mm lesion

ENB Tool
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Ng CSH, et al. EurJ CardiothoracSurg2016



ÅAfter adjustment 

guided by CT scan

ÅSuccessful biopsy 

8mm lesion 

Hybrid OR iENB
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Ng CS, Yu SC, Lau R et al. Hybrid DynaCT Guided Electromagnetic Navigation Bronchoscopic Biopsy. Eur J Cardiothorac Surg 2016;48:i87-8



Hybrid OR iENB: Lung Dye Marking VATS 
resection 

Methylene blue dye-marking 
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Zhao ZR, Lau RWH, Yu PSY, Ng CSH. Devising the guidelines: the techniques of pulmonary nodule localization

in uniportal VATSðhybrid operating room in the future. J Thorac Dis 2019 Sep;11(S16):S2073-8
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2mm 

lung lesion

iENBHybrid Theatre - Lung Dye Marking



iENBHybrid Theatre - Lung Dye Marking
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Zhao Z, Lau R, Ng CSH. Hybrid theatre and uniportalVATS: the perfect match for lung nodule localization. 

ThoracSurgClinics2017 Nov ;27:347-5

iENB Hybrid Theatre - Lung Dye Marking
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iENB Hybrid Theatre - Lung Dye Marking
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Zhao Z, Lau R, Ng CSH. Hybrid theatre and uniportalVATS: the perfect match for lung nodule localization. 

ThoracSurgClinics2017 Nov ;27:347-5



iENB Hybrid Theatre - Lung Dye Marking
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Dye (version 3.0): Hybrid OR iENBtriple dye 
IndocyanineGreen (ICG) FluorescenceMarking-
Deeper Lesions
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Mix triple

ICG dye

Marking

Lung lesion

iENBHybrid OR triple Dye ICG Marking 3.0



iENBHybrid OR triple dye ICG Marking 3.0
Karl StorzCamera
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Ng CSH, Zhao Z, Long H, Lau RWH. Electromagnetic Navigation Bronchoscopy Triple Contrast Dye Marking 

for Lung Nodule Localization. Thorac Cardiovasc Surg. 2019 Jan 11. doi: 10.1055/s-0038-1676964



iENBHybrid OR Triple Dye ICG Marking

3mm lung nodule Triple ICG 

dye

Marking



iENBHybrid OR Triple Dye ICG 
Marking Stryker Camera



Marking of deep lesions ïaddition Metallic 

marker(s) to capture deep margin
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46 yr old female

Hx leiomyosarcoma- Rt upper 

forequarter amputation

2 yrs later multiple tiny lung 

lesions (all subcentimeter)

Hybrid OR Combine iENBhookwire iVATS

Ng CSH et al. Hybrid OR Dyna-CT combined image-guided ENB dye marking and hookwirelocalization VATS metastasectomy.

Interact CardiovascThoracSurg2018 Feb;26(2):338-40
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Rt Lt
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R2 Lesion 

6 mm
Central, Small

Surgically Unlocatable

ENB planning 

Poor airway access 
& may not see dye

For Hybrid OR 

Hookwire Localization 



Rt Lt
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R4 Lesion 

3 mm

Peripheral

Very small

Surgically 

Unlocatable

ENB planning:

Airway adequate

Hybrid OR

iENB dye marking 



Rt Lt
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Palpable

Intra-op

Hybrid OR 

Hookwire 

Localization

Hybrid OR 

iENB Dye 

Marking 

Surgically

Locatable

Surgically

Locatable

Surgically

Locatable

Surgically

Locatable

Surgically

Locatable

Surgically

Locatable

Surgically

Locatable



Hybrid OR iENB Dye Marking & Hookwire

Localization Bilateral VATS Metastasectomy

Hybrid OR

General 

Anaesthesia Single 

Lumen ET

iENB 

navigation & 

dye marking

Percutaneous 

Hookwire 

localization

Supine Prone

Double Lumen 

Endobronchial

tube

Lateral
Right VATS 

Metastasectomy
Lateral

Left VATS 

Metastasectomy



Hybrid OR iENB Dye Marking & Hookwire

Localization Bilateral VATS Metastasectomy



Hybrid OR iENB Dye Marking & Hookwire

Localization Bilateral VATS Metastasectomy

Ng CSH et al. Hybrid OR Dyna-CT combined image-guided ENB dye marking and hookwirelocalization VATS metastasectomy.

Interact CardiovascThoracSurg2018 Feb;26(2):338-40



Hybrid OR iENB Dye Marking & Hookwire

Localization Bilateral VATS Metastasectomy

Ng CSH et al. Hybrid OR Dyna-CT combined image-guided ENB dye marking and hookwirelocalization VATS metastasectomy. 

Interact CardiovascThoracSurg2018 Feb;26(2):338-40
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Challenge of Lesion Localization with Less & 

Smaller Wounds - Uniportal VATS



Hybrid OR & Associate Technology ï
Getting Best Value

- Full usage of hybrid theatre 

ïmanagement / liasing with other specialties

- Optimizing its performance 

ïsqueeze all the value you can get from it

- Value for one hospital or country , may not be value for another



0
10
20
30
40
50
60

2013

2014

2015

2016

2017

2018

PWH Hybrid OR Throughput 2013-2018



Prince of Wales Hospital Efficiency Workflow analysis -

Hybrid OR ENB procedure



Prince of Wales Hospital Efficiency Workflow analysis -

Hybrid OR ENB procedure



Time-stamps analysis for efficiency 

Hybrid OR ENB procedure

Allowing us to look into reasons for delays ,

prolong procedure duration, streamline



Efficiency analysis - Hybrid OR ENB procedure

Videos

Photos

Layout

Conversation

Timing

Workflow

Time-stamps



Technology improving outcomes 

versus Costs

Å If you improve outcomes 

enough Ą offset cost of tech



AATS International Thoracic Surgical Oncology Summit



Cost: Non -hybrid v. hybrid OR



Same day one -stop one -shop

Conclusion: 

Å $5000 savings per case 

when diagnosis and 

treatment is performed in 

the Hybrid OR preferably 

with a 97% same day 

diagnosis rate.



Hybrid 
OR

Hookwire

Localization 

ENB Biopsy, 

RT marking

ENB Dye 
Marking 

ENB Ablation 

&

Drug delivery  

Hybrid OR: Operative Bx & Localisation

VATS

Uniportal

RATS 

SP RATS

Ng CSH, He JX, Rocco G. Innovations and technologies in thoracic surgery. Eur J Cardiothorac Surg 2017;52:203ï5.



Hybrid 
OR

Hookwire

Localization 

ENB Biopsy, 

RT marking

ENB Dye 
Marking 

ENB Ablation 

&

Drug delivery  

Hybrid OR: Operative Bx & Localisation

Robotic Bronchoscopy

Robotic 
Bronchoscopy 

VATS

Uniportal

RATS 

SP RATS

Ng CSH, He JX, Rocco G. Innovations and technologies in thoracic surgery. Eur J Cardiothorac Surg 2017;52:203ï5.



ñLocal Therapyò Choices for Lung

Wedge Resection v. SBRT v. Ablation 

Ablation conventionally

1) => Percutaneous 

=> Pneumothorax / Hemothorax

=> Pulmonary-pleural Fistula

=> Limited access

2) => Radiofrequency RF energy

=> Ablation zone small

=> Ablated zone less predictable

3) => Less data than SBRT

Not so 

popular



Conclusion: 

Regarding overall survival, thermal ablation was not 

inferior to stereotactic radiation therapy for primary 

treatment of stage 1 NSCLC

28834 patients :  1102 thermal ablation ; SRT 27732



Bronchoscopic Catheter Based Therapy: 

RF/ Microwave ablation/ Cryotherapy

ÅRF / microwave ablation

ÅCryotherapy 

63

Zhao ZR, Lau RW, Ng CS. Catheter-based alternative treatment for early-stage lung cancer with a high-risk for morbidity. 

J Thorac Dis 2018 June;10(Suppl 16):S1864-1870 doi: 10.21037/jtd.2018.03.151 



Lung Ablation: 

Endobronchial route - ñGame changerò ?

Route to ablation 

=> Percutaneous  Ą Endobronchial
=> Pneumothorax / Hemothoraxɹ ɹ

=> Pulmonary-pleural Fistula ɹ ɹ ɹ

=> Limited access ɹ ?

=> RF energyĄ Microwave

=> Ablation zone bigger

=> Ablated zone more predictable



Microwave ïGame Changer

Video of ablation zones:

Left ïMicrowave (Neuwave) & Right ïRF  



Microwave Ablation
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Microwave Ablation

What does microwave & heat do to tissues? 

ÅAt above 60° C all living cells, including cancer cells 

will die, effectively destroying the cancer
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Bronchoscopic Microwave Ablation 

enable by Amalgamation of Technologies

68

Hybrid 

Operating 
Room

Microwave 
Ablation 

technology

Advance 
ENB 

tools and 
skills



Bronchoscopic Microwave Ablation (BMA) of 

Lung Tumours
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Step 1: Navigate to lung cancer using 

hybrid OR CBCT guided ENB



Bronchoscopic Microwave Ablation (BMA) of 

Lung Tumours
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Step 2: Precise placement of MW catheter into cancer 

with CBCT guidance



Bronchoscopic Microwave Ablation (BMA) of 

Lung Tumours

71

Step 3: Microwave Ablation of Cancer



Bronchoscopic Microwave Ablation (BMA) of 

Lung Tumours
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Step 4: Evaluation of CT images confirm adequate

ablation of cancer



Our First Hybrid OR CBCT Guided 
bronchoscopicmicrowave ablation of lung cancer, 

March 2019

Pre-Ablation 10 mins Post-Ablation 


