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Title: "Comparison of the Effects of Galvanic and Pulsatile Stimulation on Vestibular
Afferents in-silico"
Abstract (400 Words)
Current vestibular prostheses use pulsatile electrical stimulation to elicit neural activity
in vestibular afferents. Pulse rate modulation results in limited evoked vestibulo-ocular
reflex eye responses in patients suffering from vestibular disorders. We developed a
detailed computational model of vestibular afferent extracellular electrical stimulation.
The results predict complex interation between pulse-evoked responses and
spontaneous activity. We observed in-silico that pulses can facilitate new action
potentials, interfere with spontaneous action potentials, and facilitate and block
themselves from producing additional action potentials. We characterized these
interactions and found that there is a non-linear but predictable relationship between
pulse parameters and induced firing rate. We described the predicted firing rate
mathematically as a function of pulse amplitude, pulse rate, and the spontaneous firing
rate of the vestibular afferent being stimulated. These results agree with previously
published rhesus macaque experimental data and are predictive of the reduced
vestibulo-ocular reflex observed in the clinic. Using the non-linear equations, pulse
parameters can be chosen to create the optimal pattern for producing a firing rate
modulation in an afferent. However, because afferents vary in their spontaneous
activity, the findings suggest that individual vestibular afferents will be affected
differently by the train of pulsatile stimulation.
Using the same biophysical model, we studied the effects of galvanic vestibular
stimulation (GVS) on individual vestibular afferents. Experiments show that the
amplitude of GVS has a nearly linear relationship to the firing rate produced in a
targeted vestibular afferent and can modulate vestibular afferent firing up or down within
the full natural range. The biophysical modeling suggests the difference in effects is due
to a fundamental difference in how GVS interacts with afferents and hair cells. Our
simulations suggest that GVS modulates the sensitivity of the afferent to incoming
EPSCs, which allows for smooth nearly-linear modulation of firing rate with current
amplitude. Additionally, we found a transient change in firing rate to steps of GVS. This
could be modeled accurately at various current levels by assuming changes in vesicle
release rate from the hair cell proportional to GVS amplitude. This result suggests that

GVS could be affecting the hair cell in concert with the afferent membrane potential.
The model predicts that if GVS works in this way it should affect afferent firing rate
across vestibular populations in the same way. Together, these findings provide an
explanation for differences in the vestibulo-ocular reflex produced by each form of
stimulation in experimental data.
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• ABSTRACT TITLE:

MRI Spectroscopy Analysis of GABA and Glutamate Levels in Bilateral Auditory Cortex: A CaseControl Study in Tinnitus

Background and Aim:
MRI Spectroscopy allows for quantification of neurotransmitter concentration levels in predefined brain
regions. The method therefore qualifies to better understand neurochemical and neuroplastic changes
related to tinnitus as well as to identify possible targets for pharmacological interventions. Previous studies
have demonstrated lowered GABA levels in tinnitus patients vs. healthy controls using a MEGA-PRESS
sequence and a reduction of glutamate (Glu) levels after transcranial magnetic stimulation (TMS) using a
STEAM sequence. The aim of our study was to extend, complement and replicate former findings, mainly
with respect to GABA and Glu by applying a JPRESS sequence.

Methods:
20 right-handed tinnitus patients with no hearing impairment and 20 case-matched controls were recruited
from the University Hospital of Zurich (5 females per group). A comprehensive set of variables comprising
audiometry as well as tinnitus-related, hyperacusis, health, quality of life, and stress questionnaires was
assessed. Metabolite concentration levels were measured in bilateral target voxels covering the primary
auditory cortex in a 3-T MRI scanner.
Spectroscopy data was analyzed using a modified version of the ProFit toolbox in Matlab. Statistics on
extracted metabolite concentration levels relative to creatine were calculated in R.
Results:
There were no significant differences between the groups with regards to matching variables, namely age,
sex, hearing loss, hyperacusis, health, stress and quality of life (p > 0.1). MRI spectroscopy results
indicated a lower Glu concentration in right auditory cortex of the tinnitus group and a trend of reduced
GABA concentration in the left auditory cortex.
Conclusion:
These results are novel given that it was the first study to quantify cortical Glu concentrations in humans.
Within the tinnitus group, Glu levels positively correlated with tinnitus loudness measures whereas no
meaningful correlations were found for tinnitus duration or GABA. While the GABA finding is in line with
former findings and theories about a dysfunctional auditory inhibition system in tinnitus, the reduced Glu
levels came as a surprise and is discussed under a putative framework of inhibitory mechanisms related to
Glu throughout the auditory pathway. Our results help to differentiate and extend former findings in MRI
spectroscopy of tinnitus with a well-matched case-control design.
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• ABSTRACT TITLE:

Mapping the vestibular cortex using intracerebral stimulation in patients with epilepsy

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:

The present study provides a functional mapping of vestibular responses in the human cerebral cortex. We
retrospectively analyzed all clinical manifestations induced by direct electrical stimulation of the cerebral
cortex and subcortical structures in patients with epilepsy. A cohort of 329 pharmaco-resistant patients with
epilepsy underwent stereo-encephalography (SEEG) for presurgical evaluation of epilepsy between August
2000 and September 2020. 254 left hemispheres and 260 right hemispheres were implanted. A total of
10,106 high frequency electrical stimulations (50 Hz) have been applied in these patients, evoking 2,320
clinical responses (e.g. somatosensory or visual illusions, motor or autonomic responses). Vestibular
responses represented 5% of the evoked responses and were found in 46 patients. The most common
vestibular sensations were sensations of dizziness and vertigo, followed by sensations of swaying, sensations
of floating/rising in the air, sensations of rotations and of falling. Vestibular sensations were mostly obtained
after electrical stimulation of the inferior parietal cortex, posterior insula, cingulate cortex and superior
temporal neocortex. Vestibular responses were most often evoked by stimulation of the right cerebral
hemisphere. The present results add to the understanding of the multisensory vestibular cortical network
with another functional mapping technique than fMRI.
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• ABSTRACT TITLE:

The effect of previous spaceflight on otolith-mediated ocular counter-roll in cosmonauts after long
duration spaceflight

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
INTRODUCTION The ototlith system plays an essential role in the estimation of verticality, where an otolith
driven eye movement, the ocular counter-roll (OCR), is important to ensure gaze stabilization, as the eyes tilt
in the opposite direction to the direction of the head tilt. Long duration spaceflight exposure to microgravity,
as experienced aboard the International Space Station (ISS), will cause a deconditioning of the otolith system.
As a result, cosmonauts will experience balance disorders and problems with gaze stabilization after returning
in Earth. The aim of this study is to measure the effect of long-term spaceflight on the otolith-mediated OCR,
in cosmonauts, with focus on the difference between first time flyers versus frequent flyers.
MATERIAL AND METHODS 44 cosmonaut experiments were performed, first time flyers (1F, N=13) and
frequent flyers (FF, N=31), were exposed to off-axis centrifugation before and after their 6-month space
mission to the ISS. The OCR induced by the Visual and Vestibular Investigation System (VVIS) mini centrifuge
was assessed and recorded for 20 seconds at a maximal velocity of 254°/s, out of a total duration of 5 minutes
centrifugation. The OCR measurements were further statistically analyzed in SPSS, with p<0,05 as significance
threshold.
RESULTS We found a significant decrease in OCR early postflight (R+1/4, one to four days after return) for both
the 1F group and the FF group. The post-flight OCR decrease in the 1F group was significantly different from

the FF group with a greater reduction in the 1F group. A full recovery was seen nine to twelve days after their
return (R+9/12) (Figure 1).
CONCLUSION The FF group suffered less from a deconditioning of the otoliths, because they may have
acquired a central adaptation from previous space missions. The results argue for that for important missions,
e.g. to the Moon and Mars, it is more advisable to send experienced cosmonauts or astronauts because they
are noticeably less affected by microgravity regarding the vestibular system.

Figure 1 Visual representation of BDC1, BDC2, R3/5 and R9/11 for the CCW centrifugation. On the x-axis, BDC1
and BDC2 indicates preflight measurements, R3/5 indicates measurement timepoint three to five days after
landing and R9/11 nine to eleven days after landing. The y-axis represents the average OCR for these
measurement time points. 1F, first-time flyers and FF, frequent flyers.
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• ABSTRACT TITLE:

The impact of long-duration spaceflight on the horizontal Vestibulo-Ocular Reflex (hVOR)

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
INTRODUCTION The Semi-Circular Canals (SCCs) and the Otoliths are the two main organs of the vestibular
system responsible for balance and gaze-stabilization. Weightlessness impacts the otolith organs, the main
gravity detectors, which is evident from the decreased otolith-mediated ocular counter roll reflex observed
after spaceflight. However, as the SCCs are not gravity-dependent, it is expected that a prolonged stay in
microgravity would not affect the vestibulo-ocular reflex (VOR) generated by the SCCs. But little is known
about the intricate interplay between the otoliths and the canals. Despite the number of studies that have
tried to reveal the effect of microgravity on the SCCs through VOR measurements in the past decades, most
of those studies were strongly limited by a restricted sample size and short-duration missions. This study aims
to characterize the hVOR changes before and after a long duration spaceflight (>6 months) in an unprecedently
large cohort of 44 pre- and post-flight vestibular measurements in cosmonauts.
MATERIAL AND METHODS 44 pre- and post-flight measurements were performed, of which 13 were from first
time flyers (1F group) and 31 were from frequent flyers (FF, N=31), by exposing cosmonauts to off-axis
centrifugation before and after their 6-month space mission to the ISS. This study was conducted between ISS
expedition 16 (2007) and ISS expedition 61 (2020). The hVOR induced by the Visual and Vestibular Investigation
System (VVIS) mini centrifuge was assessed and recorded with infrared googles during a 30-second
acceleration phase until the maximum velocity of 254°/s was reached. Extraction of nystagmi and associated
computations of Slow-Phase Velocity (SPV) and Time Constant (Tc) were made using a custom MatLab routine

(Fig.1). The Time Constant of hVOR was then further statistically analyzed in SPSS (V.27), using a linear mixedmodel with p<0.05 as significance threshold.
RESULTS We found a significant decrease in hVOR time constant Early postflight (R+3) and Late postflight (R+9)
compared to preflight (p<0.001). A partial but incomplete recovery was seen nine days after the return of the
cosmonauts (Late postflight R+9) (Fig. 2).
CONCLUSION For the first time, our large sample size allowed us to reveal a significant effect of spaceflight on
the hVOR. The time constant values measured in cosmonauts are in the physiological range. These findings
show an interaction between the otoliths and the canals. Our hypothesis is that the effect shown after
spaceflight on both the otolith and the canals are centrally mediated rather than peripheral.

Figure 1 Processing of the horizontal position of the eye. Horizontal position of the eye in degrees in the first row, slow
phase of the nystagmus in blue and fast phase in green, Angular speed of the VVIS () (°/s2) in the second row, Slow
Phase Velocity (SPV) of the eye (°/s) in the third row and the Log transform of the SPV in the last row.

Figure 2 Comparison of the Time Constant values for hVOR preflight and respectively early and late postflight during
CCW centrifugation acceleration. Preflight are measurements acquired before launching, Early postflight and Late
postflight measurements are respectively acquired 3 and 9 days after landing. The y-axis depicts the average hVOR

Time Constant for these timepoints. Preflight vs Early postflight and Preflight vs Late postflight comparison were
significantly different (p<0.001).
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• ABSTRACT TITLE:

Functional Connectivity Characteristics of Vestibular, Visual and Multisensory Cortex in Fighter Pilots
Exposed to Gravity Level Alterations

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Vestibular signaling is dependent on the presence of a gravity force, serving as a vertical reference frame to
detect head and whole-body tilts. How the brain processes vestibular signals with gravity alterations remains
poorly understood. This study investigated the effects of frequent g-level transitions and high g-levels on
neuroplasticity by comparing fighter jet pilots to matched controls.
We acquired resting-state functional magnetic resonance imaging data to assess differences in brain functional
connectivity (FC) between fighter pilots and controls. Both hypthesis-free whole-brain and hypthesis-driven
region-of-interest (ROI) analyses were performed. The first ROI was defined in the right parietal operculum 2
(OP2), which is a main cortical hub for processing vestibular information. The second ROI was defined in a
specific region of the right angular gyrus (AG), which was previously shown to have suppressed global
functional connectivity after gravity alterations induced by parabolic flight.
Our results reveal decreased whole-brain connectivity of the left inferior frontal gyrus (IFG) in fighter pilots
compared to controls. The left IFG showed decreased FC with the medial superior frontal gyrus. Connectivity
increased between the right OP2 and the left visual cortex, and between the right AG and the left AG in pilots
compared to controls.

These findings suggest that visual and vestibular information is differentially processed in the brains of fighter
pilots compared to non-pilot controls. We suggest that these results reflect neuroplasticity as an adaptive
response to increased exposure to sensory conflicts during flight. Stronger interhemispheric angular gyrus
connectivity may reflect multisensory integration changes. Altered connectivity in frontal areas may rather be
associated with cognitive strategies that are specific to the challenging tasks that are presented to pilots during
flight. Altogether, we provide novel insights into neuroplastic mechanisms of spatial sensory information
processing induced by g-level transitions. Such findings may have downsteam applications to studying
(adaptation to) vestibular disorders and to investigating the vestibular adaptations of space travelers to
microgravity.

