Functional target localization for neurosurgery: task-based fMRI versus resting state fMRI study
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Purpose: The success of all stereotactic neurosurgery is critically dependent on accuracy of target localization. Recent studies
proposed functional MRI as a reliable and accurate target localization method in neurosurgery of deep brain structures'. One of the
main applications of fMRI is to dissociate the thalamic nuclei, which are the main targets for thalamic deep brain stimulation or
thalamotomy for tremor. Precisely identifying these critical targets on conventional MRIs is highly challenging due to limited
resolution and poor tissue contrast amongst the nuclei of the thalamus. Most of the time, these nuclei are not visible or the boundaries
are not clearly defined. Therefore, the target is typically calculated based on predefine coordinates of a canonical atlas with respect to
other anatomical landmarks (such as AC-PC line), which can be inaccurate due to anatomical variability between subjects. This study
examines the variability in the location of task-based fMRI activation and compares these results with resting-state fMRI based
localization.

Method: MRI data acquisition: Multi-modal MRI datasets were obtained from 12 subjects (6 Parkinson’s disease patients and 6
healthy controls) using a 3T Siemens TIM Trio with 32-channel coil. First, a sagittal T,-weighted anatomical scan of the entire head
with 1x1x1 mm? resolution was acquired using a 3D MP-RAGE sequence (TR=2300ms, TI=900ms, TE=2.98ms, flip angle=9°).
Second, sensory task-based fMRI experiments were performed using vibrotactile stimulation of the right hand. A custom-made hand
vibrotactile stimulator” was used to activate somatosensory pathways including the sensory thalamus. Finally, resting state fMRI data
were acquired in an eyes-closed condition. The resolution of the multi-slice EPI fMRI scans (TE= 30ms, TR=3000ms) was 4x4x4
mm’. To minimize the geometric distortion and signal loss due to magnetic field inhomogeneity and physiological noise, By maps
were obtained and physiological events were recorded using pulse oximeter and respiratory belt during the fMRI scans. The total scan
time for the protocol was 17 mins. Data processing: Standard data analysis including magnetic field inhomogeneity correction,
physiological denoising, slice timing correction, spatial registration, motion correction, linear detrending and spatial smoothing using
a 6 mm FWHM Gaussian filter were applied to the task-based fMRI data to extract activated cortical and sub-cortical sensory areas of
the brain using FSL software’. To validate and assess the accuracy of task-based functional nuclei localization, we used the peak of
subcortical activation obtained from vibrotactile stimulation as a seed point for resting state analysis. To do so, the resting state data
was preprocessed in the same way as task-based fMRI and the signals of no interest (i.e. ventricles and global average and motion
parameters) were regressed out from resting state data. Then, the time course signal for task-based peak activation voxel was extracted
and used as the seed for resting state connectivity analysis.

Results: As shown in Figure 1, subcortical activation obtained from task-based fMRI corresponds to expected location of the VPL
nucleus of the thalamus. The peak of activation lies within the VPL nuclei defined by the functional atlas* but there is a slight
variability in the location, which is likely due to small intersubject anatomical differences.
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d Resting State fMRI Activations (Coronal,Sagittal,Axial views) subjects X.y.2 (mm)

Figure2- Bilateral Seed-base
Discussions: The chosen seed voxel corresponded to the highest activation obtained from a hand sensory vibration task. Seed-based
resting state analysis generated bilateral activations and was able to clearly isolate the hand sensory cortex, which is more medial
(Figure 2) as defined by brain homunculus. This result will not only confirm the accuracy of functional localization, but also gives an
opportunity to reliably identify the somatosensory map of performed task. The above table summarizes anatomical variability of peak
activations and suggests that atlas coordinates may not always be accurate.

Conclusion: Better image based target localization can reduce surgical times and potentially improve outcome. Using a combination
of resting-state and task-based fMRI can reliably map somatotopy in the thalamus and somatosensory cortex and hence improve target
identification.
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