High Resolution Functional MR Imaging of Material-Specific Encoding
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Introduction: Specific but overlapping representations of viewing different types of verbal and nonverbal stimuli (i.e., pictures/drawings of houses, faces, animals,
objects and textures) have been reported in ventral temporal and extrastriate occipital lobe structures[1-3]. However, reports of material-specific representation of
learning in the medial temporal lobe (MTL) and related structures have been variable. Bilateral activation has been reported throughout the MTL during encoding of
words, nature scenes and/or faces[4-7], as well as unilateral (left) hippocampal activation for words and unilateral (right) hippocampal activation for nature scenes and
textures[7]. Most fMRI memory studies have not offered enough spatial resolution to reliably differentiate material-specific activation in the various subregions of the
MTL. It is unclear to what extent high-resolution fMRI acquisition affects signal-to-noise ratios in the MTL, although some evidence’ suggests that BOLD functional
SNR should maximize at a voxel dimension of about 1.5 mm. The purpose of this study was to investigate the ability of high spatial resolution fMRI to detect and
resolve activity in sub-regions of the MTL during material-specific encoding.

Methods: Eight healthy subjects (5 F, 3M, mean age 30.3 yrs) participated. Written informed consent was obtained for all subjects. Data were analyzed from the
encoding portion of a material-specific encoding and recognition fMRI task. The task was presented visually in an event-related design in which stimulus presentation
trials were alternated with scrambled picture trials. Subjects were asked to make a button-box response to both types of trials. Stimulus types were counterbalanced
across runs and included words, objects, faces and nature scenes. Subjects were instructed to learn the stimuli to be able to recognize them later. FMR images were
acquired on a 3T Siemens Trio scanner with a 12-channel receiver coil with a high-resolution EPI sequence: TR/TE/FA = 2000 ms/ 24.7 ms/ 90°; FOV = 100 mm; 64 x
64 matrix, 33 2 mm coronal slices covering the anterior-to-posterior extent of the MTL, 1.56 mm x 1.56 mm x 2.0 mm voxels. A high-resolution T1-weighted
MPRAGE scan (matrix size = 160x256x256 with resolution 1x1x1 mm?, TUTR/TE = 900/2250/2.97 ms, flip angle = 9%, PF = 7/8, iPAT factor = 2 with 24 reference
lines) was acquired for anatomic reference. A 2D TOF MRA with the same slice-prescriptions and FOV as the EPI scans was acquired for angiographic reference. The
observed fMRI voxel time-series was modeled as the convolution of the four material-specific learning stimulus vectors and constrained 2-parameter[8] impulse
responses (IRs). Voxelwise maps of IR amplitude (as a percentage of the estimated time-series baseline) were constructed. These functional activation maps were
warped to Talairach space, resampled at a 1 mm? resolution, and subsequently spatially smoothed with a Gaussian kernel (FWHM = 3 mm). Within-group ANOVA was
performed to assess the significance of activation for the four different material types as well as between-condition contrasts. The t-maps of condition-level activations
were further clustered (|t;| > 3.0; cluster volume threshold 200 ul; corrected p < 0.001).

Results & Discussion: As can be seen in the figure, different areas of activation were observed during learning for each of the four material types. Words (red)
activated predominately the right thalamus, left inferior parietal lobe and left posterior hippocampus. Pictures of nameable objects (yellow) activated bilateral thalamus,
posterior medial left thalamus, and bilateral posterior parahippocampal and fusiform gyri. Faces (blue) activated right thalamus, bilateral posterior parahippocampal gyri
and predominately the right fusiform gyrus. Nature scenes (green) activated bilateral parahippocampal gyri and predominately the right posterior parahippocampal
gyrus. Primary motor cortex activation related to the button-press was observed for all conditions.
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FIGURE: Areas of activation for each
of the four types of learning material,
overlaid on a representative subject's
brain anatomy. These images have
been transformed to Talairach space.
All areas of activation are at least p
<0.001. Words-RED, Objects-
YELLOW, Faces-BLUE, Nature
Scenes-GREEN.
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The scanning resolution used in this study (1.56 mm X 1.56 mm X 2 mm) is higher than is typically reported for high-resolution fMRI studies of the MTL. Consistent
with prior literature suggesting the advantages of small voxel size in fMRIL[9] we were able to easily detect material-specific activations at this resolution during a
learning paradigm. Thus, high-resolution limited-coverage acquisitions may prove particularly useful in the study of parcellation of memory processes in the
subdivisions of the MTL and related structures.
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