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RESUMO

Rocha LGS. Relacao dos pontos chave cirurgicos no cranio com areas eloqiientes detectadas
por ressondncia magnética funcional. [dissertacdo]. Sao Paulo: Instituto de Psicologia,
Universidade de Sdo Paulo;2009. 111p.

INTRODUCAO: Os exames de neuroimagem sdo essenciais na rotina pré-cirGrgica de
pacientes com lesdo encefalica. A ressonancia magnética (RM) e a tomografia
computadorizada (TC) sdao métodos consagrados que fornecem valiosas informagdes
anatOomicas das lesOes e areas adjacentes. A ressondncia magnética funcional (RMf) ¢ um
método mais recente que pode dar suporte a neurocirurgia demonstrando as areas que
apresentam resposta hemodinamica durante a realizagao de determinadas tarefas. Por outro
lado, o neurocirurgido deve associar estas novas técnicas aos conhecimentos da anatomia
empregados no ato cirurgico. Ribas (2005) estabeleceu um sistema de pontos-chave aplicados
a anatomia microcirurgica, que representam relacdes entre a superficie do cranio e a
superficie do cérebro — e demonstra erros menores que 2 cm entre estes pontos € os sulcos e
giros cerebrais num estudo em cadaveres. Entretanto, a metodologia ndo permitiu avaliar a
relagdo com areas cerebrais que mostram atividade hemodindmica durante a realizacao de
tarefas somatossentivas e motoras. O objetivo desta dissertacdo foi de avaliar métodos de
fusdo de imagens geradas por TC, RM e RMf com intuito de verificar as relacdes
craniométricas com os sulcos e giros, e a relagdo destes pontos com os aspectos funcionais
das areas motora e somatosensitiva. METODOS: Foram realizados exames de RM e RMf
com paradigmas motor e somatosensitivo em aparelho de trés Tesla (3T) em dez sujeitos que
realizaram TC de cranio prévia, (dois com lesdo cerebral e oito sem alteragdes cerebrais
visiveis a TC). Escolhemos quatro dos dez pontos-chave estudados por Ribas para avaliagao
neste trabalho: a interseccao entre os sulcos frontal inferior e pré-central; a interseccdo entre
os sulcos frontal superior e o pré—central; o ponto rolandico superior; e a intersec¢ao entre os
sulcos intraparietal e o sulco pos-central devido as suas relagdes com areas classicamente
relacionadas a funcdo motora e¢ somatossensitiva. Os dados de TC, RM e RMf foram
analisados por diferentes programas e os resultados comparados. O processo final teve intuito
de co-registrar espacialmente as trés técnicas e permitir medidas de distdncias em imagens
nas trés dimensdes (3D). RESULTADOS: determinamos um fluxograma de processos
computacionais que permitiram mensurar a congruéncia espacial entre as técnicas de TC,
RM, RMF. Nao foi encontrada ferramenta computacional que, isoladamente, permitisse todo
o conjunto de funcionalidades necessarias para atingir o objetivo. A implementa¢ao do
processo de fusdo das trés modalidades mostrou-se vidvel com a utilizagdo quatro softwares
de acesso gratuito (Osirix, Register, Mricro e FSL). Em qutro voluntarios foram
determinadas as distancias espaciais entre os pontos-chave na superficie cerebral e na
superficie do cranio, a média das quais foi de 2,5cm (+0,6cm) - levando-se em que esta
medida inclui as dimensdes da tabua ossea e espagos liquéricos, este valor se encontra dentro
do que foi demonstrado por Ribas. Porém, a média das distincias entre pontos na superficie
do cranio e pontos de maior resposta na RMf, e entre estes e pontos-chave da superficie do
cérebro foi maior, respectivamente de 5,0cm (+1,7cm) e 3,6cm (£2,1cm). Estes achados
mostram variabilidade funcional inter-individual, aparentemente maior que a anatdmica. Os
dados destes estudo mostram que a técnica € viavel, e ampliacao da casuistica pode permitir a
analise estatistica, necessaria para utilizacao deste método na pratica clinica.

Palavras-chave: Imagem por Ressonancia Magnética; Tomografia Computadorizada por
Raios X; Neurocirurgia; fusdo de imagens; registro de imagens



ABSTRACT

Rocha LGS. Relation of surgical key-points in skull with eloquent areas detected by
functional magnetic resonance [dissertation]. Sao Paulo: “Instituto de Psicologia,
Universidade de Sdo Paulo”;2009. 111p.

INTRODUCTION: Neuroimaging studies have a pivotal role in pre-surgical assessment of
patients with brain lesions. Magnetic Resonance Imaging (MRI) and Computerized
Tomography (CT) are established techniques providing anatomic information of the lesion
and surrounding areas. Functional MRI (fMRI) is a recent method applied to probe brain
function via hemodynamic response of brain regions involved in certain tasks, and thus
provide useful information to the neurosurgeon. On the other hand, these new techniques
have to be added to the knowledge necessary to the neurosurgery act. Ribas (2005) have
established a system based on key-points aimed to guide microsurgical interventions. The
system consists of anatomical relationships between points in the surfaces of the skull and the
cerebrum — and is reported to have errors below 2 cm of the intended cerebral sulci and giri
in a post-mortem study. Nevertheless, this method does not allow for studying the
relationship of the cerebral regions showing hemodynamic response to somatosensory and
motor tasks. Our aim was to evaluate image fusion techniques applicable to CT, MRI and
fMRI in order to verify the craniometrical relations between skull surface, cerebral surface
and areas with maximal hemodynamic response to somatosensory and motor tasks.
METHODS: We performed MRI and fMRI studies in ten subjects who had a CT scan
performed for other reasons (8 healthy volunteers and 2 patients with localized brain lesions)
using somatosensory and motor paradigms in a 3T MRI system. We have selected four out of
the ten key points determined by Ribas to perform this analysis: the intersection between the
inferior frontal and pre-central sulci; the intersection between the superior frontal and pre-
central sulci; the superior rolandic point; and the intersection between the intraparietal and
post-central sulci. This choice was based on the classical localization of brain regions
associated with somatossensory and motor functions. CT, MRI and fMRI data were analysed
using different software packages, and the results were compared. The final goal of the
process was to spatially co-register the three techniques and distance measurements in three
dimensions (3D). RESULTS: we have established a pipeline using different computational
processes to measure the spatial anatomic congruency between the key points shown in CT,
MRI and fMRI images. We did not find a single software package enabling all the
functionalities necessary to accomplish our goals. The implementation of the three imaging
modalities fusion process was feasible using four public domain softwares (Osirix, Register,
Mricro e FSL). We have determined the distances between the key points in four subjects (e
patient). The average distance between the skull surface and brain surface points was 2.5cm
(£0.6cm) — and taking into account the calvarium thickness and cerebro-spinal fluid
dimensions, this value is within what was observed in Ribas’s study. The average distance
between the key points in the skull surface and the fMRI maximum response point, and the
average between the brain surface and the fMRI maximum response point was larger,
respectively 5.0cm (%1, 7cm) and 3.6cm (£2,1cm). These findings show that the inter-
subject functional variability is apparently larger then the inter-subject anatomical variability.
Our results show that image fusion between CT, MRI and fMRI is possible. We believe that
an increased number of subjects and appropriate statistical analysis will help to guide the
possible application of this method in clinical routine.

Keywords: Magnetic Resonance Imaging; functional Magnetic Resonance Imaging,
Computed Tomography; Neurosurgery; image fusion; image registration.
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