Robust Non-rigid Registration to Capture

Brain Shift from Intraoperative MR
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Motivation

‘ . MR images (T1, T2, DTI, fMRI ...) can be
acquired before neurosurgery to localize brain
structures (white mater
fibers, functional areas
gray nuclel...) with
respect to the tumor.

Pre-operative MR T1

weighted image ‘




Motivation

e But... brain deforms during neurosurgery,
iInducing a localization error with respect to the
pre-operative planning.

« However... Iintra-operative MR scanners allow
to Image the deformation.

The 0.5 T open magnet system (Signa SP, GE Medysaé®s) of the Intra-operative MR T1
Brigham and Women’s Hospital weighted image




Motivation

e But... Intra-operative image have a low magnetic
field

mm) Lower image resolution and higher acquisitior
y time: 256x256x60 T1 MR scan in ~ 4 min.

‘ mm) Not clinically realistic to acquire a full multi-
sequence data-set during the procedure
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Warping the pre-operative data-set to match intra
operative deformation

‘ mm) NON RIGID REGISTRATION <= ‘
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“Iatraoperative non-rigid registration

e Fast: it should not take more than 1 min to make the
registration.

* Robust: the registration should work with poor
guality image, artifacts, tumor...

* Physics basedwe are not only concerned in the
Intensity matching, but also interested in recaowgri
the physical (mechanical) deformation of the brain

e Accurate: neuro-surgery needs a precise knowledge
of the position of the structures
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Block matching algorithm

Similarity measure: coefficient of correlatiorio:1]

‘ Divide a global optimization problem in many simpdeal ones

@ Highly parallelizable ‘
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Pre-operative (Semi-) Automatic Brain finite element

Image brain segmentation model

A
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Trade-off between the mesh mechanical energy anth#tching

energy :

W = UTKU+ (HUJ;
\ )

Mechanical energy

U: Mesh displacement vector (3n)
K: Mesh mechanical stiffness matrix (3n*3n)
H: Interpolation matrix, from the mesh verticespiEements to the block-matching measured

displacements (3p*3n)
S: Matching stiffness matrix, including the coeitiat of correlatior(3p*3p) ‘

D: Measured displacements (3p)




w_s K +HTSH|U - H'SD=0

Realistic displacement
field.

Based on strong
mechanical assumptions

‘ Constant Error

A




W = (HU;j D)TS(HU D)

No error WRT
computed matches

No error WRT
computed matches A




« Approximation: robust but not accurate§
 Interpolation: accurate but not robust

. Iterative solving from the approximation to
the interpolation:

+ Use the mechanical knowledge introduced

by the approximation to select physically
realistic matches.

+ Converge to the interpolation while more
and more trusting remaining matches




Method: iterative method introducing an externatéo
F with balance the mesh internal mechanical energy:

K +HTSH| U = HTSD+F]

W=U"KU+ (HUj D)TS(HU; D)

Algorithm:
F U KU,

U, U [K +HTSH|[HTSD+F]

1+1

At each iteration, reject % of outliers based deast
trimmed squared algorithm. ‘




First step After 5 steps After 10 steps ‘




 |ntra-operative non-rigid registration

 Biomechanical block matching based registration
— Block matching algorithm
— Patient-specific biomechanical model

— Problem formulation
« Approximation
 Interpolation
e Gradual approach

— Accounting for the aperture problem
— Results




o Aperture problem:

e Use of the local structure tensor to weight the
matching stiffness

G*NINIT

~trace(G* NINIT) /

Anisotropic ponderation

(HU - D)[S|(HU - D)”

Matchingenergy 4
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e Tested on 6 (extreme)
cases

e Parallel version runs in 35
seconds on a 10 dual 2GHz

PC cluster
— 7X7x7 block size
— 11x11x25 window
— 1x1x1 step
— 50 000 blocks
— 10 000 tetrahedra

Max displacement (mm) 13.18
Average displ £ std. dev. (mm) | 3.77 £ 3.3
* 60 landmarks: Average error+ std. dev. (mm) | 0.75+0.6
— Average error = 0.75mm Max. error. (mm) 2 50
— Maximum error = 2.5mm )
Average relative error (%)




Pre-operative Intra-operative Registered
pre-operative




Pre-operative Registered Intra-operative
pre-operative




Image guided therapy

 fMRI data
(activation map)

e DT MRI




More results available here:
http://splweb.bwh.harvard.edu:8000/pages/ppl/okiedistration/results.html

Thank you for your attention

4




