Functional MRI of Auditory-Visual Convergence in the Superior Colliculus
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INTRODUCTION: Extensive research has been conducted to understand how the central nervous
system receives information from individual sensory channels and converts it into perceptions of
sight, sound, touch, smell, and taste. Noninvasive and large field of view fMRI studies have shown
cortical regions such as the primary auditory cortex respond to inputs from multiple sensory
channels [1]. However, fMRI studies have only observed visual responses in the superior colliculus
(SC) [2,3] even though its neurons respond to auditory, visual, and somatosensory inputs [4]. In this
study, we apply fMRI on rats to measure hemodynamic responses in the SC and inferior colliculus
(IC) during auditory and visual stimulation.

MATERIALS AND METHODS: Animal Preparation: SD rats (N=6) were anesthetized with 3%
isofluorane for induction and 1% for maintenance. Respiration rate, heart rate, body temperature and
blood oxygenation level were monitored (SA Instruments). Stimulation Protocol: Auditory and
visual stimuli were presented
together in a 300s paradigm. The
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around activated voxels in the left and right SC and IC. The SC and IC ROIs were separated by one slice to avoid partial volume artifacts. The average time series from
each ROI was averaged and transformed into baseline change (%) and BOLD signal change (%). Baseline change is the percentage change between the signal before
any stimulation (average from 1 to 40s) and the signal with only auditory stimulation (average from 40 to 80s, 120 to 140s, 180 to 200s and 240 to 260s). BOLD signal
change is the change between baseline and the signal during the three visual stimulation periods (average from 80 to 100s, 140 to 160s and 200 to 220s).

RESULTS: Fig. 2 shows both SCs and the contralateral IC respond to auditory stimulation while both SCs, lateral geniculate nuclei (LGNs), and visual cortices (VCs)
respond to visual stimulation. In Fig. 3, the time series in left and right SC increase during the ON periods of auditory and visual stimulation. In the IC, the time series
only increases during auditory stimulation. The baseline and BOLD signal changes, which measure auditory and visual responses, respectively, in the left and right SCs
of all animals are positive (Table 1). The amplitude of the SC BOLD signal changes are consistent with those in our previous study [6].

DISCUSSIONS AND CONCLUSION: The left and right SCs respond to monaural and binocular stimuli. The SC baseline and BOLD signal changes in both
hemispheres are positive. This is the first fMRI evidence for auditory-visual convergence in the SC. The auditory hemodynamic responses likely reflect the activity of
auditory only and multisensory neurons, which reside alongside visual only neurons in the SC [4]. fMRI provides a noninvasive view of auditory-visual convergence

centers in the cortex and subcortex and is an important tool to complement invasive studies.
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