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Can the Eyes Reveal Vagus Nerve Engagement? Ocular and Autonomic Signatures of taVNS in Healthy Volunteers
Summary:
Transcutaneous auricular vagus nerve stimulation (taVNS) provides a non-invasive way to stimulate auricular vagal afferents and probe brainstem neuromodulatory pathways. A key proposed route is the vagus–nucleus tractus solitarius–locus coeruleus–norepinephrine (LC-NE) pathway. Human imaging and physiological studies support central effects of taVNS, but reliable markers of target engagement remain an important challenge.1,2
This project will test whether eye-based measures provide objective signatures of taVNS-related neuromodulatory engagement in healthy volunteers. Pupil diameter reflects arousal-related neuromodulatory activity, while prosaccade and antisaccade performance capture rapid orienting, movement dynamics and inhibitory control. Noradrenergic manipulation has been shown to alter prosaccade latency, saccadic main-sequence properties and antisaccade accuracy, supporting these measures as candidate functional readouts.3
Participants will complete active taVNS at the left cymba conchae and sensory-matched sham stimulation at the left earlobe on separate randomized visits. Pupil diameter and eye movements will be recorded with an EyeLink 1000 Portable Duo at 500 Hz. The protocol combines brief stimulation trials for phasic pupil dilation with a continuous prestimulation, seven-minute stimulation and post-stimulation recording. Prosaccade and antisaccade tasks will assess latency, velocity, amplitude, main-sequence characteristics and inhibitory errors during stimulation.
Electrodermal activity (EDA) will be recorded simultaneously because electrical stimulation can also produce somatosensory salience and sympathetic arousal that influence pupil diameter. Phasic and tonic EDA will be secondary autonomic outcomes, and EDA-adjusted pupil analyses will test whether active-versus-sham pupil differences remain after accounting for concurrent autonomic variation. This helps distinguish a reproducible ocular signature from effects driven mainly by the sensory experience of stimulation.4,5
Depending on recruitment and project timing, the student will gain hands-on experience with human experimental neuroscience, taVNS administration, eye-tracker calibration, pupillometry, pro/antisaccade paradigms and EDA recording. Analytical work will include signal-quality control, blink and artifact handling, extraction of phasic and tonic responses, saccade detection, visualization and repeated-measures analysis using MATLAB and related tools. The student will work closely with the research team and contribute to standardized data-collection sessions.
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