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Background 

For epilepsy patients whose epilepsy does not respond to antiseizure medication, neurosurgery

to remove the areas of the brain causing the epileptic seizures may offer a cure.

Prior to such surgery clinicians need to pinpoint the areas where the seizures are arising from.

This is achieved by inserting special electrodes into different areas of the brain and measuring

electrical activity during a seizure. This procedure itself requires the generation of a precise pre-

operative plan for the trajectory of these electrodes from entry point on the skull to target point

in the brain. The plan needs to ensure minimal damage to vital areas of the brain and avoid

large blood vessels. Prior to the development of EpiNavTM, these plans were generated

manually by clinicians considering multiple brain scans. Manual planning is a highly challenging

and time-consuming activity.

Once the area of the brain that are causing epileptic seizures have been identified, further

detailed pre-operative plans and 3D maps are generated to enable surgery to remove these.

Again these procedures need to be precisely planned to minimise damage to vital structures

and large blood vessels. During surgery these 3D maps are used to guide the surgery and to

increase its precision and accuracy.

Technology Overview 

Category

Software/Surgical



EpiNav™ is a software system that helps the surgeon to a) precisely plan electrode trajectories

in the brain, b) precisely plan neurosurgical procedures to remove areas that are giving rise to

epileptic seizures, or lesions such as tumours.

The key underpinnings of EpiNav™ are the use of multimodal imaging in a clinical context to (1)

construct a 3D patient specific anatomy models and (2) use these models in combination with

efficient collision detection and nearest point graphics-based algorithms to identify trajectories

which meet well defined surgical constraints including the length of trajectories, entry angle

with respect to the skull, distance from vasculature and other “critical structures”, ability to

record from grey matter brain regions. EpiNav™ also provides a user interface to assess

trajectories automatically, adjust trajectories either semi-automatically or manually when

necessary and measure relevant quantitative measures (length, angle, grey matter capture,

distance to nearest critical structure). In combination this provides a system that we have

demonstrated (a) alters surgical decision making1, 2 (b) can provide trajectories that are

quantitatively “better” than those planned manually3, 4, (c) are qualitatively similar to

trajectories planned manually, and independent expert neurosurgeons rate them with similar

feasibility scores as those planned by a clinician5, and (d) in a prospective study these

trajectories were safely implanted in a small case series of patients (N=13)6.

See figure 1, 2 & 3. 

Stage of Development 

Currently we are at TRL Stage 7- System prototype demonstration in operational environment,

EpiNav™ is currently deployed at the National Hospital for Neurology and Neurosurgery (NHNN)

as part of routine clinical care. We also have several secondary sites which either actively use or

are training to use EpiNav™.

Although the placement of multiple intracranial recording electrodes to define the source of

epilepsy, and the development of imaging tools to plan neurosurgical resections has been the

primary clinical use case driving development and evaluation, we have evaluated the technology

in several other use cases. These include biopsy of deep brain tumours7, selective laser

amygdalohippocampectomy8, Anterior Two-Thirds Laser Corpus Callosotomy9.

Further details: 

1. M. Nowell, R. Rodionov, G. Zombori, R. Sparks, G. Winston, J. Kinghorn, B. Diehl, T. Wehner, A.

Miserocchi, A. W. McEvoy, S. Ourselin, J. S. Duncan. Utility of 3D multimodality imaging in the

implantation of intracranial electrodes in epilepsy. Epilepsia 56(3): 403-413, 2015. doi:

10.1111/epi.12924

2. M. Nowell, R. Rodionov, G. Zombori, R. Sparks, M. Rizzi, S. Ourselin, A. Miserocchi, A. McEvoy,

J. Duncan. A Pipeline for 3D Multimodality Image Integration and Computer-assisted Planning in

Epilepsy Surgery. Journal of Visualized Experiments 111:53450, 2016. doi:10.3791/53450

3. R. Sparks, G. Zombori, R. Rodionov, M. Nowell, S. N. Vos, M. A. Zuluaga, B. Diehl, T. Wehner, A.

Miserocchi, A. W. McEvoy, J. S. Duncan, S. Ourselin. Automated Multiple Trajectory Planning

Algorithm for the Placement of Stero-Electroencephalography (SEEG) electrodes in epilepsy

treatment. International Journal of Computer Assisted Radiology and Surgery, 12(1): 123-136,

2017. doi:10.1007/s11548-016-1452-x

4. R. Sparks, V. N. Vakharia, R. Rodionov, S. B. Vos, B. Diehl, T. Wehner, A. Miserocchi, A. W.

McEvoy, J. S. Duncan, S. Ourselin. Anatomy-driven multiple trajectory planning (ADMTP) of

intracranial electrodes for epilepsy surgery. International Journal of Computer Assisted

Explore other available products at XIP

xip.uclb.com


Radiology and Surgery 12(8):1245-1255, 2017. doi: 10.1007/s11548-017-1628-z.

5. V. N. Vakharia, R. Sparks, R. Rodionov, S. B. Vos, J. Miller, D. Nilsen, M. Tisdall, S. Wolfsberger,

A. McEvoy, A. Miserocchi, G. Winston, A. G. O’Keeffe, S. Ourselin, J. Duncan. Computer assisted

planning for the insertion of stereoelectroencephalography electrodes for the investigation of

drug resistant focal epilepsy: an external validation study. Journal of Neurosurgery 130(2): 601-

610, 2018. doi: 10.3171/2017.10.JNS171826

6. V. N. Vakharia, R. Sparks, A. Miserocchi, S. B. Vos, A. O’Keeffe, R. Rodionov, A. W. McEvoy, S.

Ourselin, J. S. Duncan. Computer-Assisted Planning for Stereoelectroencephalography (SEEG).

Neurotherapeutcis, 16(4):1183-1197, 2019. doi: 10.1007/s13311-019-00774-9.

7. H. J. Marcus, V. N. Vakharia, R. Sparks, R. Rodionov, N. Kitchen, A. W. McEvoy, A. Miserocchi, L.

Thorne, S. Ourselin, J. S. Duncan. Computer-Assisted Versus Manual Planning for Stereotactic

Brain Biopsy: A Retrospective Comparative Pilot Study. Operative Neurosurgery18(4):417-422,

2019. doi: 0.1093/ons/opz177

8. V. N., Vakharia, R. Sparks, K. Li, A. G. O'Keeffe, A. Miserocchi, A. W. McEvoy, M.R. Sperling, A.

Sharan, S. Ourselin, J. S. Duncan, C. Wu. Automated trajectory planning for laser interstitial

thermal therapy in mesial temporal lobe epilepsy. Epilepsia 59(4): 814-824, 2018. doi:

10.1111/epi.14034

9. V. N. Vakharia, R. Sparks, S. B. Vos, Y. Bezchlibnyk, A. D. Mehta, J. T. Willie, C. Wu, A. Sharan, S.

Ourselin, J. S. Duncan. Computer-Assisted Planning For Minimally Invasive Anterior Two-Thirds

Laser Corpus Callosotomy: A Feasibility Study With Probabilistic Tractography Validation.

NeuroImage: Clinical 25: 102174, 2020. doi: 10.1016/j.nicl.2020.102174

Benefits

There are currently several methods that will display and visualise 3D geometry and allow

clinicians to manually adjust trajectories using their own assessment of the risk. Where EpiNav™

is unique is that it

• provides quantitative measures of trajectory suitability using measurements related to

distance to critical structures (i.e. risk), grey matter capture, tool length and angle and

• has an algorithm to balance these criteria and automatically make suggestions of appropriate

trajectories. Thereby reducing time spent evaluating trajectories.

Applications 

• Planning for electrode implantation into brain

• Planning minimally invasive laser ablation procedures

• Planning tumour biopsy

Opportunity 

We are seeking market feedback on the opportunity and future commercial and collaboration

partners.
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• EP 3142589

• US 10,226,298 B2

• PCT/GB2017/052842

• PCT/GB2019/051198
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Development partner,

Commercial partner,

Licensing

IP Status 
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