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SMA using repetitive navigated transcranial magnetic stimulation (rnTMS)
has been proposed. The aim of this study was to validate and extend this
protocol for both hemispheres and lower extremities.
To this purpose, the SMA regions of both hemispheres were mapped based
on a finger tapping task performance of 22 healthy subjects (35.5±15.06,15
females) using rnTMSat 20Hz (120% restingmotor threshold (RMT)). Points
with induced errors were marked on the corresponding MRI and a SMA
hotspot was identified. For this hotspot, a bimanual finger tapping task and
the Nine-Hole Peg Test (NHPT) were performed additionally. Further, the
lower extremity wasmapped using a toe tapping task at 20 Hz (140% RMT).
In 18 out of 22 healthy subjects SMA mapping of the upper extremity was
successful (12 bi-hemispherically, 6 uni-hemispherically). Mean finger tap-
ping scores were significantly reduced during stimulation (25.38 taps)
compared to baseline (29.70; p<0.01). Bimanual finger tapping led to a sig-
nificant increase in taps during stimulation (28.30 taps) compared to
unimanual tapping (p<0.01). Compared to baseline, a significant increase in
completion time for the NHPT could be observed during stimulation (base-
line: 13.4s, stimulation: 16.1s; p<0.01). For the lower extremity, replicable
errors could be induced in 20 out of 22 subjects in at least one hemisphere.
The present study validated and extended an rnTMS-based protocol to
map upper and lower extremity motor function over the SMA. Hence, this
protocol could further be used to acquire a better understanding of the
functional SMA organization and potentially help to improve preoperative
planning for patients with lesions within this region
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Abstract
It is established that intra-cortical microstimulation (ICMS) of primary
somatosensory cortex (S1) can elicit a variety of artificial tactile sensations
in human patients, but there has been little work on how the brain pro-
cesses this non-naturalistic input in multisensory contexts. Understanding
the timing necessary for visual and ICMS stimuli to feel simultaneous (the
temporal binding window) is essential for creating a successful closed-
loop brain-computer interface (BCI) for people with spinal cord injury.
Here, a tetraplegic patient implanted with microelectrode arrays (Black-
rock Microsystems) in S1 received single-channel ICMS (60 or 100 mA)
while observing visual cues, and assessed the relative timing of vision and
elicited tactile sensations. Visual and ICMS stimuli were delivered either
simultaneously or at an offset from one another (150 or 300ms). Visual
events were either abstract (a dot moving to the end of a line) or realistic
(a robotic arm tapping a first-person-perspective human arm) and were
presented using virtual reality. Task performance was equal across con-
ditions and was not affected by learning over time. Supporting prior
literature, the higher stimulation amplitude elicited more sensations. In
both conditions, single-channel ICMS lagged behind visual cues percep-
tually. In the realistic condition, stimuli were perceived as maximally
synchronous when vision occurred 150ms later than ICMS. In the abstract
condition, this temporal offset was less pronounced but still present.
Additionally, the patient wasmore likely to perceive an order to the stimuli
(vision before ICMS or ICMS before vision) in the abstract condition,
whereas in the realistic condition the patient was more likely to perceive
the stimuli as synchronous. This effect suggests that a more biologically
relevant visual scene results in a larger temporal binding window between
visual cues and ICMS, such that the brain can better integrate ICMS as part
of a causal, multisensory environment.
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Abstract
Background and aim: Transcranial direct current stimulation (tDCS) and
metacognitive therapy (MCT) can reduce depressive symptoms as mono-
therapies or associated with pharmacological treatment. Here, we inves-
tigated the effectiveness of combining these treatments in a group of
patients with major depressive disorder (MDD).
Methods: So far, fourteen participants (10 females, Mage 43 ± 12) out of N¼
54 estimated sample size were recruited at the Department of Neuroscience
and Mental Health e Fondazione IRRCS Ca’ Granda Ospedale Maggiore
PoliclinicoofMilano.All participantswereunderpharmacological treatment.
They were randomly assigned to three groups receiving (i) real tDCS + sham
MCT (n¼ 7); (ii) sham tDCS + MCT (n ¼ 6) (iii) real tDCS + MCT (n¼ 1). The
treatment lasted eight weeks, in which participants had one weekly MCT
(groups ii and iii) or clinical interview session (group i) following the tDCS.
TDCS was combined with attentional training (20 minutes, 1.5 mA, anode
over the left dorsolateral prefrontal cortex) and tookplace three times aweek
for the first three weeks and then once a week. Clinical standardized ques-
tionnairesmeasuring depressive symptoms, anxiety, worry, rumination, and
meta-beliefs were administered before and after the treatment, two weeks,
three, six, and twelve months after treatment’s end.
Results: Due to sampling distribution, mixed effects models were run,
including time and only two groups as fixed factors (i and ii) and partici-
pants’ random intercept. Outcome measures revealed an effect of time,
showing symptoms reduction after the treatment. Crucially, our results
suggested a more robust reduction of worry and negative beliefs in the
group receiving MCT compared to the one receiving only tDCS.
Conclusions: despite preliminary, our results suggest that MCT can
effectively reduce core symptoms contributing to the development and
maintenance of MDD. Completing data collection will allow disentangling
whether tDCS can boost this effect.
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Abstract
Transcranial magnetic stimulation (TMS) is a non-invasive technique to
modulate brain activity. Previously, we leveraged biophysical modeling of
the induced electric field (E-field) to map causal structure-function re-
lationships in the primary motor cortex. Here, we transfer this localization
approach to attention network, which helps to understand the TMS effect
on a higher cognitive function. Pinpointing the cortical stimulation target
to modulate attentional processes will ultimately allow for an optimized
stimulation scheme, and thus, boost the effectiveness of TMS mapping.
Thirty right-handed healthy subjects (15 female, mean age 30.8 ± 5.3
years) were recruited to participate in one MRI and two TMS experiments.
the fMRI peak activity within the rIPL (right inferior parietal lobe) during a
Posner-like attention task provided the center target for TMS (Figure 1).
First, subjects underwent 500 Posner-task trials with 5 TMS pulses at 10 Hz
each to potentially impact attentional processing. Importantly, the stim-
ulation site was randomly selected for each trial to induce a selection of
different cortical exposures. By analyzing the effect of the local E-field
exposure on the attentional performance we then identify the true cortical
target. These targets are then validated in a second TMS experiment and
with respect to the fMRI activation peak.
The fMRI results show that during the stimulus-driven reorienting of
attention, distributed brain regions from different networks were acti-
vated, especially the reorientation network. The locations with the highest
goodness of fit (R2) are different from the activation peaks among subjects
(Figure 2). This potentially identifies differences in BOLD-measured ac-
tivity and TMS-evoked neuronal effects.
Research Category and Technology and Methods
Basic Research: 10. Transcranial Magnetic Stimulation (TMS)
Keywords: attention network, TMS mapping

http://dx.doi.org/10.1016/j.brs.2023.01.517

Abstract key: PL- Plenary talks; S- Regular symposia oral; FS- Fast-Track
symposia oral; OS- On-demand symposia oral; P- Posters

P2.039

NEUROFEEDBACK FOR PRECISION REHABILITATION OF PARKINSON’S
PATIENTS

Lena Salzmann 1, Oliver Bichsel 1, Deepak Kumar Ravi 2, Mathilde
Lestoille 1, Chris Awai Easthope 3, Christian Baumann 4, Andreas
Luft 4, William Taylor 2, Roger Gassert 1, Olivier
Lambercy 1. 1Rehabilitation Engineering Laboratory, ETH Zurich,
Switzerland; 2 Lab for Movement Biomechanics, ETH Zurich, Switzerland;
3 cereneo Foundation, Switzerland; 4Department of Neurology, University
Hospital Zurich, Switzerland

Abstract
Parkinson’s disease (PD) is the second most common neurodegenerative
disease in the elderly population. It is caused by a progressive loss of
dopaminergic neurons in the basal ganglia, leading to impaired motor
function. Deep Brain Stimulation (DBS) is a possible treatment for PD, but
its success differs significantly among patients.
As an adjunct personalized therapeutic approach, we study how the DBS
electrode can be alternatively used to provide closed-loop neurofeedback in
PD patients. Local field potentials (LFPs) from the subthalamic nucleus are
recorded, and a digitally processed version of these signals is visually pre-
sented to the patients. Observing their neural oscillations in real-time allows
patients to develop a mental strategy to actively regulate their pathological
brain activity.We hypothesized that a decrease in pathological brain activity
could have a positive short-term influence on motor performance.
Preliminary results from a pilot study in 8 patients confirm that down-
regulation of pathological beta-activity via DBS-neurofeedback is feasible
and possible from the first training session on. Effects of beta-power
down-regulation on lower limb motor performance are currently under
investigation. Additionally, further neural markers associated with gait
features will be identified in an exploratory study with Parkinson’s pa-
tients and healthy controls involving electroencephalography and DBS-LFP
recordings. We expect that personalization by selecting the most
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appropriate neural biomarker for closed-loop neurofeedback may result in
enhanced motor performance. Within a prospective sham-controlled
clinical trial, we also investigate the feasibility of personalized closed-loop
neurofeedback with a focus on gait rehabilitation in Parkinson’s patients
via multi-session neurofeedback training.
Beyond demonstrating a proof-of-concept for novel methods of precision
sensory-motor rehabilitation, positive results in this project may inspire
novel treatments by providing an understanding of neural activity during
gait as well as the mechanisms of personalized neurofeedback.
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Abstract
Repetitive transcranial magnetic stimulation (rTMS) is an effective treat-
ment for individuals with MDD who have not improved with standard
therapies. However, only 30-60% of patients receiving rTMS experience
remission. Predicting response to modes of rTMS will benefit both patients
and providers in terms of prescribing and targeting treatment for
maximum efficacy and directing resources. Preliminary effectiveness of
neuroimaging-based predictors of rTMS responsiveness has been
demonstrated with proton magnetic resonance spectroscopy.
Metabolites (Glu, Glx, and total N-acetylaspartate (NAA + NAAG, tNAA))
were collected prior to a standard course of 10Hz rTMS (i.e., 6-week course
of once daily sessions, 3000 pulses/session, 120% resting MT) to the left
DLPFC in individuals with MDD (N¼25; mean age 37.88 (SD¼14.80); 48%
female). The point resolved spectroscopy voxel was placed in the right
dorsal anterior cingulate cortex (15x15x10mm3). MDD symptoms were
evaluated by total scores on the Inventory of Depression Symptomatology
Self-Report (IDS-SR) prior to and following rTMS. Two-tailed bivariate
Pearson correlations were calculated between baseline metabolites and
IDS-SR percent change scores.
Baseline metabolite concentrations were significantly correlated with
percent change in IDS-SR scores, demonstrating that lower levels of pre-
rTMS Glu (r¼-.46, p¼.02), Glx (r¼-.45, p¼.03), and tNAA (r¼-.51, p¼.01)
were associated with greater MDD symptom improvement post-rTMS.
Participants’ scores on the IDS-SR decreased by an average of 44.71%
(SD¼32.76%, range¼-11.91% to 95.35%) from pre- to post-rTMS, with 32%
(n¼8) achieving MDD remission.
Our results are the first to indicate that baseline tNAA significantly cor-
relates with MDD improvement after rTMS, aligning with the direction-
ality of effects with glutamatergic compounds. This pattern suggests that
the antidepressant effects of rTMS may arise from intracellular processes
involving Glu, Glx, and tNAA in the frontal lobe. This work illustrates the
potential for personalized medicine using baseline metabolite levels to
determine which patients with MDD will receive benefit from rTMS.
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