
Innovations in Surgical Imaging
From Mixed Reality to Spatial AI

Dr Gao Yujia
Consultant, Hepatobiliary and Liver Transplant Surgery, NUH

Lead, Surgical Services, TGCH

Principal Investigator, iHealthTech, NUS

Assistant Group Chief Technology Officer, NUHS

Director, Undergraduate Medical Education, NUS Medicine

Email: yujiagao@nus.edu.sg



Disclaimer

• All work presented represents research and development work in progress
• All studies are conducted under approved ethical standards with the relevant review boards
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Advances in Patient Imaging
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Method Result (AUC)

Tumour Burden Score 0.70, CI: [0.56, 0.90]

Geometric Metastatic Spread 0.73, CI: [0.60, 0.84]

Aerts Radiomics Prior 0.76, CI: [0.65, 0.86]





Extended Reality
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Bringing 2D to 3D



Introduction: What is Mixed Reality



Mixed Reality in Healthcare

• Leveraging on Mixed Reality

• Enhance clinical capabilities

• Improve clinician experience

• Improve patient outcomes
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Pre-Operative PlanningRestricted

*Advanced Breast Cancer Op Planning

PET Scan superimposition



Planning in 3D
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Planning for Graft Reduction





Rib Tumour Localisation and Excision
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Education and Training



Resident Teaching
Applied Surgical Anatomy
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Patient Counselling Restricted



Remote Surgical Assistance
Extending Tertiary Care to Inaccessible Areas







Limitations
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Technology Gap

25

Between now, and what we want

• Image registration

• Static image

• Segmentation accuracy

• User training and operability 

• Computational power

• Data transmission and security
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Project Theia
Prototype Software



Future



Spatial AI
Augmented and Artificial Intelligence in a 3D World



Spatial AI and Spatial Computing

Making Sense of a 3D World

• Integration of Geospatial Data

• Spatial Awareness 

• Computer-vision Based Intelligence 

• Immersive Technologies

• Reality – Virtuality Continuum



Digital Twins



What is a Digital Twin?
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Converting Static to Dynamic

• Virtual replica based on patient-specific biomechanical properties
• Mimics how the actual organ will behave

• How external forces affect internal structures
• Real-time computational modeling 
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Project Ursa
Creating the Dynamic Model

MR Elastography

Liver Flow 
Dynamics

High Resolution 
Anatomical 
Segmentation

Dynamic FEM-Based Digital Twin

T=1



Project Ursa
3D Computer Vision Mesh Generation

MIS Surgeries Open Surgeries

Generating 3D mesh from 2D images

Physical point cloud mesh 
generation

Virtual 
mesh

Combined 
image
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Real-Time Navigation

S.Cotin



Challenges
Many Hurdles to Cross



Hurdles and Limitations
Translating from Bench to Bedside

Technology 
Readiness

Data Security

Governance and 
Regulations

User Acceptance 
and Readiness

Systems Acceptance 
and Readiness
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The Reality
Not That Straight Forward

• Gartner Curve
• Adoption Issues

• Implementation Hurdles
• Use Case Selection
• Loss of Interest



Maintenance

Long-term integration and sustainability

Implementation

Process efficiency and fidelity

Adoption

Staff and organizational uptake

Effectiveness

Clinical and operational outcomes

Reach

Patient population impact

Evidence-Based Implementation



‘Do Not Fear Failure, But Be Afraid of Not Having The 
Opportunity to Succeed’
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Thank you.
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