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2D vs. 3D - Operative Visualization
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2D vs. 3D - Microscopy
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2D vs. 3D – Endoscopy in 2D
→ experienced surgeons compensate for lack of depth
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What if we could grant stereoscopic vision in endoscopy?
→ without a 3D endoscope

→ without specialized hardware, costs, etc.

→ power of software / machine vision

 

Page 6Zanier, Serra, Staartjes; Real-time intraoperative depth estimation in transsphenoidal 

surgery using deep learning: a pilot study, submitted (2025)

Approaches to the Problem:

– Multi-View Geometry such as Structure-From-Motion (SFM or SLAM algorithms) ≅ photogrammetry

– Computationally expensive and difficult to execute in real time

– Photometry / ”Depth-From-Shading” based on lighting changes

– Assumes stable lighting conditions

– Deep Learning-based methods

– Computationally expensive to develop but applicable in real-time

– Can deal with changing lighting conditions
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DinoV2 in Action:

Still Images 

Page 7Zanier, Serra, Staartjes; Real-time intraoperative depth estimation in transsphenoidal 

surgery using deep learning: a pilot study, submitted (2025)
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DinoV2 in Action: 

Real-Time Render

Zanier, Serra, Staartjes; Real-time intraoperative depth estimation in transsphenoidal 

surgery using deep learning: a pilot study, submitted (2025)
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How to get from a synthetic 3D image to binocular vision?

 → e.g. EndoSurf 3D → 3D glasses or AR/VR

Page 9Zha et al. EndoSurf: Neural Surface Reconstruction of  

Deformable Tissues with Stereo Endoscope Videos, arXiv 2023
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How to get from a synthetic 3D image to binocular vision?

 → 3D reconstructions from 2D endoscopy
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Zanier, Alakmeh, Arrockia, Regli, Serra, Staartjes, unpublished, 2025
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Clarity Reality

Project AENEAS

Anatomical Orientation
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Anatomical Orientation
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2. The Solution
Automatically detect anatomy in real-time:

- Eliminate preop dependence/brain shift

- Eliminate costs

- Eliminate logistics

- Enhanced user-variability/specificity problems

3. Our Approach 

13
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Staartjes VE, Volokitin A, Regli L, Konukoglu E, Serra C. 

Machine Vision for Real-Time Intraoperative Anatomic Guidance: A Proof-of-Concept Study in Endoscopic Pituitary Surgery. 

Operative Neurosurgery. 2021;(opab187). doi:10.1093/ons/opab187

Page 14

AENEAS Concept
Without reliance on prior anatomical knowledge/maps!

https://doi.org/10.1093/ons/opab187
https://doi.org/10.1093/ons/opab187
https://doi.org/10.1093/ons/opab187
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Weakly Supervised Deep Learning to 

Generate Real-Time Anatomical Heatmaps
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AENEAS: Roadmap Concept
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The “Roadmap Concept”

Page 17

Sarwin G, Carretta A, Staartjes VE, Zoli M, Mazzatenta D, Regli L, Serra C, Konukoglu E

Live Image-Based Neurosurgical Guidance and Roadmap Generation Using Unsupervised Embedding 

IPMI 2023.
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Project AENEAS
Real-Time Anatomical Navigation in Endo-/Microscopic Brain & Spine Surgery

Sarwin G, Konukoglu E, Serra C et al. – Pituitary             Ryu, Staartjes, Serra et al. – Endoscopic Spine 
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Further Development: Application in Common Craniotomies & Spine

Pterional Retrosigmoid Percutaneous Transforaminal 

Endoscopic Discectomy 
Microdiscectomy

3D polyaxial movement – multiple surgical paths!
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AENEAS Pterional

Page 20

Olei, Sarwin, Staartjes, 

Regli, Konukoglu, Serra, 

unpublished, 2025
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Imaging vs. Synthetic Imaging

– Based on physical measurement (+/- processing)

– X-Ray / Computed Tomography (CT): ionising radiation based radiodensity

– Magnetic Resonance Imaging (MRI): Powerful magnetic field + RF pulses + complex computation

– Ultrasound: Sound waves reflected by differing tissue densities

Page 21



Department of Neurosurgery

1. Access/Availability - 2. Transport - 3. Costs - 4. Limitations
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BoneMRI: Fast synthetic CT from MR of the lumbar spine

Page 23
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2. The Solution
Generate a synthetic CT from a MRI to:

- Eliminate radiation

- Eliminate costs

- Eliminate logistics

- Enhanced diagnostics & planning

3. Our Approach 

24
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Fast MR- to CT-conversion for lumbar spinal diagnostics & navigation 

using convolutional neural networks (“synthetic CT/BoneMRI”)

Page 27

Staartjes VE et al.
Magnetic resonance imaging-based synthetic computed tomography of

the lumbar spine for surgical planning: a clinical proof-of-concept. 
Neurosurg Focus. 2021;50(1):E13. doi:10.3171/2020.10.FOCUS20801

https://doi.org/10.3171/2020.10.FOCUS20801
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Staartjes VE et al.
Magnetic resonance imaging-based synthetic computed tomography of

the lumbar spine for surgical planning: a clinical proof-of-concept. 
Neurosurg Focus. 2021;50(1):E13. doi:10.3171/2020.10.FOCUS20801

Department of Neurosurgery

BoneMRI in the cervical spine

Domain III - Imaging

www.MRIGuidance.com Courtesy of Peter R. Seevinck, MRIGuidance

https://doi.org/10.3171/2020.10.FOCUS20801
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MR-only intraoperative robotic 

pedicle screw placement workflow

Page 29

Jin, Michael, Marc Schröder, and Victor E. Staartjes. “15 - Artificial Intelligence and Machine 
Learning in Spine Surgery.” In Robotic and Navigated Spine Surgery, edited by Anand 
Veeravagu and Michael Y. Wang, 213–29. New Delhi: Elsevier, 2023. 

https://doi.org/10.1016/B978-0-323-71160-9.00015-0.

https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
https://doi.org/10.1016/B978-0-323-71160-9.00015-0
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Synthetic Imaging - Primer

– Image Modality Conversion (MRI to CT, CT to MRI, Sonography to MRI) 

– Dimensionality enhancement (Tomographic imaging from radiographic imaging, 3D from 2D)

– Extracting adjuvant information from existing imaging (Waveform inversion imaging, BOLD contrast-free 

perfusion imaging)

Page 30
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1. The Problem

2. The Solution
Generate a synthetic 3D CT 

from biplanar x-ray:
- Eliminate radiation

- Eliminate costs

- Eliminate logistics

- Enhanced and repeatable 

diagnostics & planning

3. Our Approach 

31
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Fast synthetic computed tomography (CT) generation from biplanar x-

ray of the skull and spine

Page 32
Zanier O, Da Mutten R, Staartjes VE (October 2023)

work in progress
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TomoRay: Cranial

– Basic Principle: CNN-based GAN 
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TomoRay Cranial: Synthesis of Cranial CT Imaging from Biplanar Radiographs using a Generative Adversarial Model 

Olivier Zanier, Seung-Jun Ryu, Raffaele Da Mutten, Alessandro Carretta, Giorgio Palandri, Diego Mazzatenta, Luca Regli, Carlo Serra, Victor E. Staartjes

Submitted 
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TomoRay: Cranial

– Two models: Based on DRRs (Model 1) or based on x-rays (Model 2)

Page 34

TomoRay Cranial: Synthesis of Cranial CT Imaging from Biplanar Radiographs using a Generative Adversarial Model 

Olivier Zanier, Seung-Jun Ryu, Raffaele Da Mutten, Alessandro Carretta, Giorgio Palandri, Diego Mazzatenta, Luca Regli, Carlo Serra, Victor E. Staartjes

Submitted 
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TomoRay: Cranial

– Two models: Based on DRRs (Model 1) or based on x-rays (Model 2)
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TomoRay Cranial: Synthesis of Cranial CT Imaging from Biplanar Radiographs using a Generative Adversarial Model 

Olivier Zanier, Seung-Jun Ryu, Raffaele Da Mutten, Alessandro Carretta, Giorgio Palandri, Diego Mazzatenta, Luca Regli, Carlo Serra, Victor E. Staartjes

Submitted 
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Page 36
TomoRay: Generating Synthetic Computed Tomography of the Spine From Biplanar Radiographs

Olivier Zanier 1, Sven Theiler 1, Raffaele Da Mutten 1, Seung-Jun Ryu 2, Luca Regli 1, Carlo Serra 1, Victor E Staartjes 1

Neurospine, 2024 Mar 21

https://pubmed.ncbi.nlm.nih.gov/?term=Zanier+O&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/38317547/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Theiler+S&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/38317547/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Mutten+RD&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/38317547/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Ryu+SJ&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/?term=Ryu+SJ&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/?term=Ryu+SJ&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/38317547/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Regli+L&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/38317547/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Serra+C&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/38317547/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Staartjes+VE&cauthor_id=38317547
https://pubmed.ncbi.nlm.nih.gov/38317547/#full-view-affiliation-1
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victoregon.staartjes@usz.ch – www.micnlab.com

Thank you for your attention!
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Types of (useful) ML / AI publications                         Perhaps less useful

38

Clinical Trial

External 
Validation 

Study

Multicenter 
Development 

& External 
Validation

Deployment

Data 
Publication

Pilot/ 
Feasibility 

Study

Human 
Performance

Assessment

New 
Methodology

Updating 

I

II

III

• Deployment of monocenter / poorly validated models

• Irrelevant outcome/goal (i.e., not modifiable)

• “Identification of risk factors using machine learning”

• Unrealistic expectations (it’s not magic)

• Et cetera

External Validation

Appropriate Data & 

Methods Available

Where are we?
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Synthetic Imaging

Page 39
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Synthetic Imaging

– Image Modality Conversion (MRI to CT, CT to MRI, Sonography to MRI) 

– Dimensionality enhancement (Tomographic imaging from radiographic imaging, 3D from 2D)

– Extracting adjuvant information from existing imaging (Waveform inversion imaging, BOLD contrast-free 

perfusion imaging)

Page 40
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Synthetic Imaging - Primer

– Image Modality Conversion (MRI to CT, CT to MRI, Sonography to MRI) 

– Dimensionality enhancement (Tomographic imaging from radiographic imaging, 3D from 2D)

– Extracting adjuvant information from existing imaging (Waveform inversion imaging, BOLD contrast-free 

perfusion imaging)

Page 41



Department of Neurosurgery

Strategies for generating tomography from radiographs

Page 42

Strategies for generating synthetic computed tomography-like imaging from radiographs: A scoping review

Daniel De Wilde, Olivier Zanier, Raffaele Da Mutten, Michael Jin, Luca Regli, Carlo Serra, Victor E. Staartjes

Under Review
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Strategies for generating tomography from radiographs

Page 43

Strategies for generating synthetic computed tomography-like imaging from radiographs: A scoping review

Daniel De Wilde, Olivier Zanier, Raffaele Da Mutten, Michael Jin, Luca Regli, Carlo Serra, Victor E. Staartjes

Under Review

– Digital Tomosynthesis

– Mammography

– Multiple Projections acquired + filtered backprojection or iterative reconstruction
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Strategies for generating tomography from radiographs

Page 44

Strategies for generating synthetic computed tomography-like imaging from radiographs: A scoping review

Daniel De Wilde, Olivier Zanier, Raffaele Da Mutten, Michael Jin, Luca Regli, Carlo Serra, Victor E. Staartjes

Under Review

– Statistical Shape Models (SSM)

– Bone Imaging, Chest Imaging

– Usually two projections + manual initialization + estimation of known shapes
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Methods based on deep learning:

Project TomoRay

Page 45
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TomoRay: Cranial

– Two models: Based on DRRs (Model 1) or based on x-rays (Model 2)

Page 47

TomoRay Cranial: Synthesis of Cranial CT Imaging from Biplanar Radiographs using a Generative Adversarial Model 

Olivier Zanier, Seung-Jun Ryu, Raffaele Da Mutten, Alessandro Carretta, Giorgio Palandri, Diego Mazzatenta, Luca Regli, Carlo Serra, Victor E. Staartjes

Submitted 
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TomoRay: Cranial

– Two models: Based on DRRs (Model 1) or based on x-rays (Model 2)
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TomoRay Cranial: Synthesis of Cranial CT Imaging from Biplanar Radiographs using a Generative Adversarial Model 

Olivier Zanier, Seung-Jun Ryu, Raffaele Da Mutten, Alessandro Carretta, Giorgio Palandri, Diego Mazzatenta, Luca Regli, Carlo Serra, Victor E. Staartjes

Submitted 
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What if we could grant stereoscopic vision in endoscopy?
→ with a 3D endoscope or akin to DaVinci steroscopic camera system

→ requires hardware, costs, etc. 

 

Page 49

→ Advantages probably hard to show “evidence-based” as improved outcomes

→ Added information: The more you know, the more you see & the more you see, the more you 

know

Uvelius et al. 3-D endoscopy in surgery of pituitary adenomas, prospective evaluation 

of patient gain using basic outcome parameters, J Clin Neuroscience 2020
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Some evidence of 3D endoscopy advantages … from general surgery

Page 50Uvelius et al. Two-dimensional versus three-dimensional laparoscopy in surgical 

efficacy: a systematic review and meta-analysis, Oncotarget 2016

Decrease in surgical time Decrease in blood loss
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Comparison of methods

Page 51Cui et al. Surgical-DINO: Adapter Learning of  Foundation Models for Depth Estimation 

in  Endoscopic Surgery, arXiv 2024
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How does DinoV2 work? 

Page 52Zanier, Serra, Staartjes; Real-time intraoperative depth estimation in transsphenoidal 

surgery using deep learning: a pilot study, submitted (2025)

– Open-source base from Facebook AI (released 2023)

– Foundation model: learn generalized representations

– Self-supervised patch-based vision transformer – 142 million images w/o labels

– Huge model with 1 billion parameters «distilled» into several specialized models

– DinoV2-Depth: Base model (unchanged) as encoder + light decoder network

– Intuition:

– Experienced master surgeon who has not done this particular procedure before

– Learns to pick up cues in lighting, shading, movement, etc.
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Quantitative Performance?

Zanier, Serra, Staartjes; Real-time intraoperative depth estimation in 

transsphenoidal surgery using deep learning: a pilot study, submitted (2025)
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Quantitative Performance?

Zanier, Serra, Staartjes; Real-time intraoperative depth estimation in transsphenoidal 

surgery using deep learning: a pilot study, submitted (2025)
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How to get from a synthetic 3D image to binocular vision?

 DinoV2 in action

Page 55
Zanier, Serra, Staartjes; Real-time intraoperative depth estimation in 

transsphenoidal surgery using deep learning: a pilot study, submitted (2025)
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