Corticothalamic mechanisms of human auditory selective attention
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BACKGROUND

Selective auditory attention allows listeners to focus on a relevant sound
stream while filtering out competing inputs. This ability may be supported by
rapid adjustments in how the auditory system encodes sound features (Lage-
Castellanos et al., 2023), such as frequency and temporal rhythm. Although top-
down projections are known to play a major role in allocating attentional
resources, the mechanism by which sound processing is dynamically optimized
with attention remains poorly understood.

Recent studies suggest that the circuitry linking the auditory cortex and thalamus
(medial geniculate body, MGB) may play a crucial role in shaping sound
representation during selective attention. Two distinct corticothalamic loops
exist, which target different subdivisions of the auditory thalamus and specific
layers of primary (PAC) and non-primary auditory cortex (Ojima et al., 2011).
Here, we leverage ultra-high field fMRI at 7 Tesla to enable the simultaneous
measurement of responses in small subcortical nuclei and across cortical
depth. We test the hypothesis that these parallel corticothalamic loops
support selective attention to distinct sound features.
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DESIGN

Task

Participants are instructed to attend either the low or high frequency sound
stream (Attend Low/ Attend High) or the fixation dot (Attend Fixation; Fig. 1). Two
overlapping sound streams with overlapping tones are presented (Fig. 2). The
task is to count the gaps in the attended sound or the flickers in the fixation dot.
At the end of a trial, participants report the total number and receive feedback.

Factorial design
3 attention conditions X 2 stream configurations = 6 conditions
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Figure 1. Experimental design. A.
A) Each trial begins with a
condition-dependent instruction,
followed by a countdown and
sound presentation (1 min 18s)
during which a fixation cross is
displayed. Participants provide a
response, feedback is shown, and
the next trial starts.

B) The experiment comprises 18
runs of ~10 min each, collected
across two experimental sessions. 1 min 18s
Each run includes one trial from

each experimental condition.
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METHODS
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Figure 2. Sound stream structure.

Auditory Stimulation
Stimuli consisted of two continuously presented tone streams (black waveforms in Fig. 2;

1 min 18s duration) and brief amplitude-modulated tones (different colors in Fig. 2; 1s

duration). The two streams differed in carrier frequency and modulation rate (i.e.,

temporal rhythm), with the specific frequency-rate pairing determined by the
experimental condition. The attended stream started 2 seconds earlier than the
unattended stream. The amplitude-modulated (AM) tones varied in both carrier

frequency and modulation rate, spanning a broad parameter space that spanned
previously reported response preferences of human auditory cortex and thalamus (MGB).

MRI Acquisition

* Scanner: 7/ Tesla Siemens Magnhetom

Anatomical: Quantitative T, (MP2RAGE; 0.7 mm isotropic) for cortical segmentation,
quantitative T,* (ME GRE; 0.35 mm isotropic; Gulban et al., 2022) for
subcortical structure delineation

Functional: GE-EPI, voxel size = 0.8 mm isotropic; TR = 1.6 s; TE = 22 ms; multiband
= 2, continuous acquisition.

* Sessions: One anatomical and two functional sessions per subject (8 runs/
session)
 Datasets: Subject 1 =15 runs, Subject 2 (shown in Fig. 3) =19 runs

Analysis methods

* Regression analysis was used to identify sound-responsive regions of interest.

* For the current analysis, voxel-wise best frequency and temporal modulation rate were
defined as the stimulus parameters associated with the strongest beta weight from the
regression analysis. Population receptive field (pRF) modelling (Dumoulin & Wandell,
2008) is planned as a subsequent analysis step.

* Subcortical and cortical topopgrahic maps were created by color-coding voxels by

preferred frequency (Fig. 3A-B) or temporal modulation rate (Fig. 3B)
* Preference maps were sampled across equi-volume laminar surfaces derived from
anatomical data, and analyzed separately for deep, middle, and superficial depth.

%‘nacsbioz

MAASTRICHT CENTRE FOR SYSTEMS BIOLOGY AND BIOINFORMATICS

A. Inferior colliculus (IC)

REFERENCES

PRELIMINARY RESULTS

Medial Geniculate Body (MGB)

i'"“l"','" ¥

et | ¥ —
1

Best frequency
(kHz)

>4|

<02

Best frequency
(kHz)

>4|

<0.2

Best rate
(Hz)

>16|

Mean Frequency

All Middle
1.22 kHz
1.28 kHz
1.24 kHz

Attend Low
Attend High

Baseline

Bl Deep @EMiddle B Superficial

Figure 3: Attention-induced changes in frequency and temporal modulation rate preference.

A. Subcortical tonotopy in the inferior colliculus (IC) and medial geniculate body (MGB), with a frequency
reversal delineating ventral from dorsal MGB.

B. Cortical maps of preferred frequency (tonotopy; top) and temporal modulation rate (bottom) across
conditions, showing largely similar topography with subtle differences across conditions.

C. Cortical depth-dependent sampling using equi-volume surfaces allows mapping condition-specific
differences in mean preference across cortical depth. Pilot data (N=1) show a shift of toward the attended
frequency emerging already in the middle layers of primary auditory cortex (PAC).
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CONCLUSIONS & NEXT STEPS
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Conclusions

* Pilot data (N=2) show that the feasibility of quantifying voxel-wise tuning changes with
feature-selective attention throughout the auditory pathway.

* TJonotopic and temporal modulation maps replicate prior work (Moerel et al., 2012;
Santoro et al., 2014).

Next steps

* Optimize MR acquisition to improve subcortical SNR (next dataset: 0.9 mm isotropic
with reduced GRAPPA acceleration).

* Increase sample size and runs per participant.

* Extend the paradigm to laminar iIEEG (Ayala et al., 2025) to probe corticothalami)

feedforward-feedback dynamics
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