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The 0.5 T open magnet scanner of the Brigham afd
Women’s Hospital

Brain shifts during neurosurgery preoperative
planning and images need to be updated.

Intraoperative MR scanner can be used to image
the brain deformation during surgery.

The algorithm must satisfy different constraints:
e Speed. Typically: (registration time) < 1 min.
* Robustness; to bias, artifacts in the images.
e Accuracy, error of the order of the voxel size

 Model based registration method: patient-
specific biomechanical model: KU = E

e Sparse displacement fiellal estimated with the
block matching algorithm:

D, =0,0'/argmaxM (B(O,)B(0",))]

M(O',,0,) =c, correlation coefficient

+ Highly parallelizable
- Noisy matches
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The approximation formulation consists in an
energy minimization:

W= U'KU +(HU- D)'S(HU - D)

Mechanicaénergy Matchingenergy

H linear interpolation matrix in tetrahedra,
S matching stiffness:S, u T, c,

Uis givenby: U =[K+H'SH] *H'SD

+ smooth displacement field.
- accuracy.

Mechanical energy minimization under the

constraint of minimum matching error

Formalized through the Lagrange Multipliers
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Noisy matches

noisy displacement field

lterative approach from the approximation to the
interpolation, through an external foree
updated at each iteration
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A Outlier matches rejection step, based on a lles
Trimmed Squared estimator and using the err@r
criterion x;:

X :HS<[(HU)|<' Dk]H
© (HU) ]+

Outliers rejection algorithm. (Left) 1st iteration.
(Middle) after 5 iterations. (Right) after 10 it@oms

Algorithm 1 Registration scheme Max. displacement (mm) 13.18

1: Get the number of rejection steps nr from user
2: Get the fraction of total blocks rejected fr from user
3: for 2 = 0 to ng do

Mean displacement * std. dev. (mm)3.77+3.3
Mean error % std. dev. (mm) 0.7520.6

s Uns < [K + HTSH|™ [H7SD 4 Max. error (mm) 2.50
6: for all Blocks k dF) | Mean relative error (%) 19
i Compute error function &

8: end for

Reject i—R blocks with highest error function &
Recompfrfte S, H, D

: end for

. repeat

F; <= KU, _

14: Ui < [K+HTSH] " [HTSD + F]

15: until Convergence

ftp://ftp-sop.inria.fr/epidaure/Publications/
Clatz/TMI _Intraoperative clatz.pdf




