3D Monitoring of the Intraoperative Brainshift
by Means of Photogrammetry
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Introduction:

- Brainshift effect
- Motivations of the project

Proposed Method:

- Preliminary tests

- Multi image acquisition system
- Automated calibration

- Multi-image LSM tracking

- Tests on a brain replica

Further Development:

- Clinical tests
- Integration with MR data

Questions and Discussion
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. . Scalp Brain
“Brainshift” :
motion of cerebral structures Skin Flap
. . (Pulled Back)
occurring after craniotomy Skull

“Craniotomy” :
intervention where part of the skull is opened &rase

. Re-attached)

In order to access the brain for surgical repair

—> Change of pressure, loss of cerebrospinal liquid
— Brainshift (up to 25mm)

Brainshift

Pre-operative After craniotomy
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Surgical intervention

tumor area

Craniotomy After 5-1 minutes
—> Delocalization of cerebral structures, compared to pre-operative Ml-data
—» Problems by planning and execution of neurosurgical intervention
m=) Limited utility of navigation systems for neurosurgery based on pre-op.data
=) Quantification of Brainshift
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Motivations

Goal: Minimal destructive neurosurgical intervention

Tumor resection (typical example)

MRI = Localization of tumor
fMRI = Localization of active brain areas near the tumor
Planning of tumor resection according to MRI and fMRI

Craniotomy == Brainshift, delocalization of tumor and active areas

Quantification of Brainshift| = Backtransformation onto preop. MRI, fMRI data

Neurosurgical intervention by the help of navigation systems as preop planned

HOMETRICA CONSULTING - Dr. Nicola D’Apuzzo 3-D Image Capture and Applications 2008 N. D’Apuzzo, 29.2.08 6



Quantification of Brainshift

Why photogrammetry?

Contactless techniqgue = No risk of infection

Passive system = No disturbing laser beam or structured light projection
Acquisition of sequences = Dynamic measurement, Tracking
Compact system (depending on design)

High accuracy

Relatively low cost of hardware

Possible integration with existing navigation systems
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Quantification of Brainshift

Why photogrammetry?

Image data (not surface data as by laser scanning or fringe projection):

use the vessel bifurcation as anatomical “landmarks” to be measured in 3D
—> Possible matching with the same “landmarks” in preoperative MR-dataset
==) Backtransformation of intraoperative data onto preoperative data

vessel bifurcations
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Preliminary test - LSM

Tests on real images (without orientation and/or calibration)

Different directions and different time

LSM of natural points on cerebral surface = Promizing results

—

Natural texture of the brain is OK
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Proposed method

Multi-image LSM tracking process

Proposed method for the 3D monitoring of the brainshift
1. Calibration procedure
2. Acquisition of multi-image-sequences
3. Selection of points on the brain surface on a single image
4. Automatic matching by LSM in the multi-images
5. Tracking of the selected point in the multi-image-sequence
—> Compute 3D trajectories of the selected points on the surface

== Quantification of Brainshift )

/

-~
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Multi-image acquisition system

Three camera arrangement in a triangular form

Progressive scan CCD (ukEye 2240-M/C, IDS, Germany)
Resolution 1280x1024, Fixed 35mm, Variable Iris
USB 2.0 Connection

Software “synchronization” (sufficient, movements very slow)

Triangular arrangement Fine orientation tuning

HOMETRICA CONSULTING - Dr. Nicola D’Apuzzo

3-D Image Capture and Applications 2008 N. D’Apuzzo, 29.2.08 11



Automated calibration

Calibration object
Regularly distributed target points (some coded)

Known 3D coordinates (accuracy 0.1 mm)
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Automated calibration

Automated process

Approx. known EO (fix 3 camera system) + regular calibration object
—> Automatic recognition and measurement (LSM) of target points
—> EOQO, IO, lens distortion parameters for each camera independently
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Silicon brain replica

Evaluation and development by using a silicon brain replica
Based on real 3D data of a brain, produced by RP-techniques
Flexible silicon, to simulate the movement of cerebral structures
Drawn “landmarks” for matching
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Multi-image
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Multi-image sequence

Simulation of a “brainshift”
Acquisition of multi-image sequence (3x28 frames)
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Multi-image matching

Selection of points on the brain surface

Automated geometrical constrained LSM matching

\
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Multi-image matching

Selection of points on the brain surface
44 points selected for testing
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Multi-image LSM tracking

Tracking of the selected points along the sequence

search image 1 template image time i search image 2
search image 1 template image time i+1 search image 2
search image 1 template image time i+2 search image 2
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Multi-image LSM tracking

Result: trajectories of the selected points in the multi-image-seqguence
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Multi-image LSM tracking

Result: trajectories of the selected points in the multi-image-seqguence
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Multi-image LSM tracking

—> 3D trajectories of the selected points can be determined

— They represent the real 3D displacement of the cerebral surface: “brainshift”
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Conclusions and further development

Conclusions

Presented a method to monitor in 3D the brainshift

Development and tests were performed on a silicon replica of the brain
—) Results are very promising

= 3D trajectories of selected points on the cerebral surface

==) Can be used for the quantification of the brainshift

Further work and development

Clinical tests with real images of brain and brainshift

Displacement of camera-system relative to skull
—> re-orientation and integration in the tracking process

Matching of photogrammetric results with preoperative MR-dataset
— backtransformation to compensate the brainshift movement

Better quality of camera system and calibration object
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Thank you for your attention!

Time for guestions?
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