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Integration of intra-operative brain functional positions into the standard brain using SPM

OK. Ohshima?, 1. Sato?, Y. Nambu?, Y. Fujino?, Y. Horise® , K. Kusuda® , M. Tamura® , Y. Muragaki® , K. Masamune®

* Future University Hakodate, Graduate School of System Information Science
b Tokyo Women's University Institute of Advanced Biomedical Science

1_ Il’ltI'OdUCtiOIl 2. Non-rigid registration from intra-operative MR image into standard brain
by using SPM
1) Rigid registration to standard coordinate system
2) Noise removal and Bias correction
3) Segmentation of gray matter and white matter
4) Non-rigid registration by SPM
® Deformed brain functional positions from intra-operative MR image and
plotted brain functional position images into standard brain
® Displacement calculation between intra-operative MR image and standard
brain by using SPM

B In brain tumor surgery high brain tumor resection rate and
decreasing of brain dysfunction are important
® Risk of brain dysfunction caused by nerve damage
— Decision making of tumor resection area depends on expert surgeon’s
knowledge and experience
v Important of confirming brain functions / structure and location of tumor
B Expert surgeon’s knowledge is needed for identification of brain
functional position with individual differences
— Need to support of brain function’s identification
B To estimate patient’s brain functional positions by storage of
evidenced-based information is effective
® Evidence-based information can be created by integration of intra-
operative information into standard coordinate system
v Integration of the brain functional positions acquired from the patient‘s
brain into standard brain (ICBM 152 Nonlinear atlases [1])
v Estimation of brain functional positions with individual differences by
projection of integrated brain functional positions into patient's brain

_—

1) Rigid transformation
to coordinate system

2) Noise removal and Bias
correction

3) Segmented gray matter
and white matter

Gray matter segmented  White matter segmented
Intra-operative MR image from intra-operative from intra-operative
within standard brain MR image 4 MR image

coordinate system
calculation
Integrated brain
on functional position

Gray matter segmented  White matter segmented
from standard brain  from standard brain

Intra-operative
MR image

Patient brains -

Standard brain [1] Patient’s brain

4) Non-rigid registration by SPM

Intra-operative MR
image and plotted brain Standard brain
functional position

3. Visualization of integrated brain functional positions into standard brain
B [ntegrated 39 brain functional points of 17 patients with brain tumor on the left side

Projection

. e
Integration

Tasks
_— Mapping Results Colors  (p) Reaction Tanguage Task:
L izationTask(Intensity) | P
Integration of non-rigid registration Projection of non-rigid registration into e.g. Wn(2) | SA
into the standard brain by using SPM patient’s in

Motor Sensory(Motor function or Sensory function):
Response-Bodyparts(Intensity)
*Localization e.g. M-Tongue(2)
3 rea

[1] The McConnell Brain Imaging Centre http://www.bic.mni.megill.ca/Main/HomePage

Aom:vw Neg V; Motor SA: Speech Arrest
Y. Stop speaking

B [ntegration of brain functional positions with individual differences N L e
for each patient into standard brain and visualization for brain . M

Response of motor function
P: Paresthesia
Response of sensory function

function position estimation
® Integration of brain functional positions from cortical mapping into standard
brain by statistical parametric mapping (SPM) and visualization

® Evaluation of integration accuracy achieved by this method . . .
5. Evaluation of integration accuracy
3. Inte grate method of brain functional pOSlthl’lS B Evaluation of integration of intra-operative MR image into standard
brain by SPM using anatomical feature points (3 patients)

B [ntegration of intra-operative brain functional positions into B Anatomical feature points: 17 representative sulci
standard brain by SPM landmarks of starting point or intersection o Anstomicatfature poins (17
1. Imaging of brain functional positions points (A~ Q) ! \
2. Non-rigid registration from intra-operative MR image into the standard ® 6 landmarks near each tumor
brain by using SPM v C,D,E,FEMN
3. Visualization of integrated brain functional positions into standard brain ® Other 11 representative landmarks

B Total integration accuracy: 3.7 &= 1.6 mm
® Accuracy of landmarks near each tumor: 3.9 &= 1.7 mm
® Accuracy of other 11 representative landmarks: 3.4 = 1.7 mm
B Integration accuracy of gray matter was not enough

1. Imaging of brain functional positions

B [dentification of intra-operative brain functional positions using
intra-operative information of awake surgery
® Intra-operative video

@ Mapping report : tasks and time of the extracted responses — Improvement of accuracy by adding non-rigid registration method

® Log data of surgical instrument : probe positional information by navigation of partially deforming gray matter
system

B Image creation of identified brain functional positions

® Plotting 4 mm a sphere at mapped brain functional positions on intra- 6 . Conc lusion
operative MR image

® Classification of luminance according to the electrical stimulation intensity B Brain functional positions with individual differences of each
and the type of brain function patient were integrated into the standard brain by SPM and

visualized

Hdenincaion o bran ® Brain functional positions of 17 patients with individual
: e > differences was integrated and visualized (39 points)
® Registration accuracy of these methods was evaluated
v" Total integration accuracy: 3.7 = 1.6 mm
B Future work
® Improvement of integration accuracy by adding new method
® Projection of integrated brain functional positions into patient's
brain
® Integration of white matter mapping results into standard brain

Output log
_

Plotting brain
function
mapped on
MRI (4mm)

Log data of surgical
instrument

Surgical
information
recorded

N Intra-operative Visualization of
Mapping result video intra-operarive MRI

This research was supported by AMED under Grant Number JP18he1602003.
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