
Department of Neurosurgery

Augmenting Intraoperative Imaging in

Surgery with Machine Learning 

Friday, May 23 rd, 2025 ï1:30 to 2:00 p.m.

Symposium: Intraoperative Workflow, Solutions, and Innovations

Karolinska Universitetssjukhuset

Stockholm, Sweden

Victor Staartjes, MD, PhD

Group Leader

Machine Intelligence in Clinical Neuroscience & Microsurgical Neuroanatomy (MICN) Laboratory

Neurosurgery Resident

Capio Spine Center Stockholm, Upplands Väsby, Sweden

Department of Neurosurgery, University Hospital Zurich, University of Zurich



Department of Neurosurgery

No Conflicts of Interest relevant to presented content

Funding D isclosures :

- Research RELATED to presentation funded by:

- Medtronic: BoneMRI

- Swiss National Science Foundation (SNSF): AENEAS

- Bangerter -Rhyner Stiftung; Max Cloetta Stiftung: TomoRay

- Research NOT RELATED to presentation funded by:

- n/a



Department of Neurosurgery

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

Ą without  specialized  hardware , costs , etc.

Ą 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:

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

ï Computationally expensive and difficult to execute in real time

ï Photometry / òDepth-From-Shadingòbased on lighting changes

ï Assumes stable lighting conditions

ï Deep Learning -based methods

ï Computationally expensive to develop but applicable in real-time

ï 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 ?

 Ą e.g. EndoSurf  3D Ą 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 ?

 Ą 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 
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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
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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 ñRoadmap Conceptò
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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. ïPituitary             Ryu, Staartjes, Serra et al. ïEndoscopic Spine 
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Further Development: Application  in Common Craniotomies  & Spine

Pterional Retrosigmoid Percutaneous Transforaminal 

Endoscopic Discectomy 
Microdiscectomy

3D polyaxial movement ïmultiple surgical paths!
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AENEAS Pterional
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Olei, Sarwin, Staartjes, 

Regli, Konukoglu, Serra, 

unpublished, 2025
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Imaging vs. Synthetic Imaging

ï Based on physical measurement (+/- processing)

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

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

ï Ultrasound: Sound waves reflected by differing tissue densities
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1. Access/ Availability  - 2. Transport - 3. Costs - 4. Limitations
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BoneMRI: Fast synthetic CT from MR of the lumbar spine
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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 
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Fast MR- to CT-conversion for lumbar spinal diagnostics & navigation 

using convolutional neural networks (ñsynthetic CT/BoneMRIò)
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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

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
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Bone MRI in  the cervica l spine

Domain III - Imaging

www.MRIGuidance.com Courte sy of Peter R. Seevinck, MRIGuidance

https://doi.org/10.3171/2020.10.FOCUS20801

