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T001
Debate: Is therapy a realistic option at the present time?
*A. Antal1
1UMG, Clinical Neurophysiology, Göttingen, Germany
Non-invasive neuromodulation, including the application of transcranial direct current (tDCS),
alternating current (tACS) and random noise (tRNS) stimulation, provides researchers and health care
professionals with the ability to gain ultimate insight into brain functions and, mainly using tDCS, to
treat several neurological and psychiatric conditions. Indeed, the number of published research and
clinical studies on this field is exponentially increasing. However, in parallel, several methodological,
scientific, social and ethical caveats have emerged that deserve closer examination by those who
would like to continue the usage of this methodology in the future. One of the main problems is related
to the non-replicability of many previously published research findings, others include the rapid
proliferation of the off-label applications, over-the-counter and do-it-yourself device usage, without a
full understanding of safety and efficacy implications. Indeed, more work is required to understand
mechanisms underlying the effects of transcranial stimulation in health and disease and also
substrates of inter-individual variability in order to optimize dosing and methodological designs and
safety aspects. Furthermore, related to future clinical applications, different regulatory paths for the
devices, professional conduct, training, should be better regulated nationally and internationally.
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T002
Non-invasive brain stimulation for Parkinson's disease
*D. Benninger1
1CHUV, Neurology, Lausanne, Switzerland
In advanced Parkinson’s disease(PD), the emergence of symptoms refractory to conventional therapy
poses a therapeutic challenge. The success of deep brain stimulation(DBS) and advances in the
understanding of the pathophysiology of PD have raised interest in non-invasive brain stimulation as
an alternative therapeutic tool.
The rationale for its use draws from the concept that reversing abnormalities in brain activity and
physiology thought to cause the clinical deficits may restore normal functioning. Currently the best
evidence in support of this concept comes from DBS, which improves motor deficits, and modulates
brain activity and motor cortex physiology, though whether a causal interaction exists remains largely
undetermined.
Most trials of non-invasive brain stimulation in PD have applied repetitive trans-cranial magnetic
stimulation(rTMS) targeting the primary motor cortex and cortical areas of the motor circuit. The
current studies suggest a possible therapeutic potential of rTMS and transcranial direct current
stimulation (tDCS), but clinical effects so far have been small and negligible regarding functional
independence and quality of life.
Approaches to potentiate the efficacy of rTMS include increasing stimulation intensity and novel
stimulation parameters, which derive their rationale from studies on brain physiology. These novel
parameters intend to simulate normal firing patterns or to act on the hypothesized role of oscillatory
activity in the motor cortex and basal ganglia in motor control and its contribution to the pathogenesis
of motor disorders. There may be a diagnostic potential of TMS in better characterizing individual traits
in the perspective of personalized medicine.
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T003
How TDCS polarises a highly folded cortex
*M. Bikson1
1The City College of New York, Biomedical Engineering, New York, NY, United States
The highly convoluted surface of human cortex influences current flow and resulting neuromodulation
produced by transcranial Direct Current Stimulation (tDCS). The canonical findings that “anodal” /
“cathodal” stimulation excite / inhibit cortex are first explained from the perspective of a smooth cortical
surface using concentric spheres modeling and data from animal studies. MRI-derived models with
gyri-specific resolution predict that cortical folding produces an oscillating pattern of polarization both
under and between electrodes. Data from modern animals studies provides hypotheses for how a
mixed cortical polarization pattern none-the-less can produce stimulation polarity specific effects.
Network oscillations provide a substrate to “bind” mixed polarization across regions leading to regional
specific effects. Non-linear neuronal processing and synaptic plasticity mechanisms support
rectification of mixed polarization by tDCS. Consideration of cortical folding thus enriches
understanding of tDCS mechanisms and informs how tDCS protocols should be designed.
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T004
Cognitive processes of motor behavior revealed by tDCS
*N. Bolognini1
1University of Milano Bicocca, Psychology, Milan, Italy
Transcranial direct current stimulation (tDCS) is a non-invasive tool, which effectively modulates
behavior, and related brain activity. When applied to the primary motor cortex (M1), tDCS affects
motor function, enhancing or decreasing motor learning and action execution in both healthy
participants and brain-damaged patients. Evidence in both humans and macaques has shown that
multiple cortical areas beyond M1 are involved in controlling and guiding movement, including the
posterior parietal cortex (PPC) and the premotor cortex (PMC). Recent evidence in healthy humans
and brain-damaged showed that the modulation of cortical excitability of PPC and PMC can be used to
improve action-related cognitive processes, highlighting interesting hemispheric asymmetries. Indeed,
the anodal tDCS of the PPC of the left hemisphere can be used to selectively facilitate action planning
and gesture recognition, while excitability shifts within the PM of the right hemisphere affects action
monitoring and awareness. These results indicate that a left parietal system contributes to the
activation of motor engrams (such as the pattern and sequence of movements needed to execute an
action), while left premotor areas are mostly involved in the operation of the motor monitoring, namely
detecting the mismatch between the actual motor output and intended action goal. The final relay is
M1, which converts the motor program into the desired action. In conclusion, this evidence offers a
functional and anatomical framework for understanding how selective neuromodulatory effects on
different higher-level (action planning and monitoring) stages of motor processing can be induced by
tDCS in order to optimize motor control and learning. This knowledge opens up novel perspectives in
the neurorehabilitation of stroke patients with apraxic and motor awareness disorders, which
represents a considerable burden for motor and cognitive rehabilitation.
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T005
Transcranial Direct Current stimulation (tDCS) for schizophrenia
*J. Brunelin1
1CH le Vinatier, PSYR2, Bron, France
Transcranial Direct Current stimulation (tDCS) has been proposed as a treatment for treatmentresistant auditory verbal hallucinations and negative symptoms in patients with schizophrenia. Despite
first clinical studies hold promises, little is known regarding predictive marker of response as well as
brain and on cognitive modulation that can underlie beneficial clinical effects in patients with
schizophrenia.
It was recently observed that tDCS placed with the cathode over of the left temporo-parietal junction
(TPJ) coupled with the anode over the left dorsolateral prefrontal cortex (DLPFC) led to decrease the
severity of auditory verbal hallucinations, to modulate the functional connectivity of the left TPJ and to
improve self recognition in patients with schizophrenia. In these studies, 10 sessions of tDCS (20 min,
2mA) were delivered twice a day during 5 consecutive days. There was a correlation between the
decrease in the severity of hallucinations and the decrease of functional connectivity between the left
TPJ and the left insula. There was also a correlation between the decrease in the severity of
hallucinations and the increase in source-monitoring performance. These results suggested that tDCS
may led to clinical improvement by modulating functional connectivity within a large network involving
brain region implicated in language and self-recognition processing.
However, evidence also suggested that some patients with schizophrenia failed to respond to this
tDCS regimen. Several factors may explain the discrepancies observed between responders and nonresponders. Among them, COMT val/met polymorphism or drug intake (including nicotine) were
observed to modulate clinical response to tDCS in patients with schizophrenia. Strategies of
combination (with medication and or cognitive remediation therapy) and optimization of stimulation
parameters (e.g., transcranial alternating current stimulation - tACS) should allow enhancing clinical
beneficial effect.
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T006
How might brain stimulation enhance consolidation of motor learning?
*J. Classen1, J.- J. Rumpf1
1University of Leipzig, Department of Neurology, Leipzig, Germany
Performance increments following a training intervention are secured and sometimes generated by a
process termed consolidation. As healthy older humans express lesser consolidation that young
people this group might constitute a population particularly well suited to study consolidation. We will
review the evidence whether and how brain stimulation enhances consolidation by modulating
physiological mechanisms following the training. To demonstrate that brain stimulation is capable to
modulate consolidation requires that its effects on performance indices be disambiguated from effects
on performance. Transcranial direct current stimulation (tDCS) applied after motor training improved
consolidation of explicit motor sequence learning in older controls. Anodal, but not cathodal, tDCS to
M1, but not to PMd, led to performance improvements at retesting 8 hours after initial learning. Only
application of tDCS immediately after the end of training, but not after 1 or 2 hours, enhanced offline
consolidation. These results will be discussed against evidence provided by others (Tunovic et al., J
Neurosci, 2014) that off-line stimulation may rescue consolidation through counteracting activitydependent decreases of M1 excitability. These findings may suggest a model that brain stimulation
may enhance consolidation by preventing post-training inhibitory action in M1 that may originate in
premotor cortex.
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T007
Neural predictors of the effect of transcranial electrical stimulation on learning
*R. Cohen Kadosh1
1University of Oxford, Oxford, Great Britain
Question
Current attempts to improve cognitive skills using brain stimulation have yielded mixed results, leading
to the imperative question: can brain stimulation produce genuine cognitive enhancement?
Methods
In the first part of the talk will focus on data coming from three arithmetic training experiments (n=93).
We examined how compared to sham stimulation, transcranial random noise stimulation (tRNS) over
the dorsolateral prefrontal cortex modulates online and offline learning over the 5 days of training. In
the second part of the talk will present data from a collaborative project between Oxford, Harvard,
Honeywell, and Northeastern University, that focuses on executive functions training (n=412) and its
effect on fluid intelligence. We examined the progress on the 11 days training as a function of tRNS
and transcranial direct current stimulation in comparison to sham stimulation.
Results
A between-groups comparison such as active stimulation versus sham stimulation produced
misleading results. Instead, integrating relevant measures at the interindividual-level can substantially
increase the precision of conclusions about the efficacy of brain stimulation.
Conclusions
These results lead to the idea that a consideration of the neurocognitive factors characterising the
individuals in the experiment can lead to a much clearer understanding of effects than considering
only the group they belong to. This approach yields advancement at the basic and translational level.
It would enable the improvement and individualisation of interventions, and produce a better
understanding of the underlying neurocognitive mechanisms.
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T008
rTMS in depression - is more always better?
*P. Fitzgerald1
1Monash University, MAPrc, Melbourne, Australia
Question
Repetitive transcranial magnetic stimulation (rTMS) is now a well-established new treatment modality
for patients with depressive disorders that has been assessed across a large range of controlled
studies. However, limited research has explored the basic parameters used in the design of rTMS
treatment protocols especially in regards to variables determining the dose of treatment. Over time,
dose has generally increased without the impact of this being systematically assessed. Therefore, we
have been exploring aspects of treatment dose and how they relate to treatment outcomes.
Methods
We have conducted several studies designed to address rTMS dose related issues. First, we have
conducted several studies using TMS-EEG and TMS-NIRS methods to explore the effects of
stimulation at increasing intensities on the prefrontal cortex. Second, we have conducted a large multisite trial investigating the effect of pulse number as a dose variable on clinical response to rTMS in
depression.
Results
TMS-NIRS studies have indicated that there is a clearly bimodal response to increasing TMS
stimulation intensity which is likely to have implications for the determination of optimal dosing for
clinical outcomes. Our randomised controlled data do not suggest that increasing pulse number in an
rTMS treatment protocol above standard levels is associated with improved outcomes.
Conclusions
Improvements in the application of rTMS treatment are likely to be possible but ‘more does not always
seem to be better’. Improved outcomes may be achieved but optimising stimulation intensity but not
increasing pulse number in individual treatment sessions.
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T009
Animal models of brain stimulation - TMS
*K. Funke1
1Ruhr-University, Department of Neurophysiology, Medical Faculty, Bochum, Germany
Animal TMS models are especially useful for studying the cellular and molecular effects related to
the lasting effects achieved with prolonged stimulation of a particular pattern (rTMS). In translational
terms, it is exceptionally challenging to realize stimulation conditions resembling those supposed to
occur in the human brain. Due to the very different ratio of coil-to-brain sizes, a focal stimulation of
small animal brains as can be achieved in humans using figure-of-eight coils is hardly realistic today.
Attempts to develop small (e.g. rodent coils) are confronted with reduced field power or limited number
of high-frequency train pulses due to heating problems. Nevertheless, animal TMS models will be
helpful in terms of studying relationships between stimulation-induced changes in neuronal activity and
plasticity and changes in behavioral phenotypes. Differences in rTMS effects found in Parkinson
patients compared to healthy controls which appear to be related to disturbed synaptic plasticity could
be replicated in a rat Parkinson disease model [1] and beneficial stimulation effects related to
modulation of striatal dopamine content have been reported [2]. Principally, global brain stimulation
using rTMS appears adequate if studying neuromodulatory effects not confined to a particular system
as is found with changes in extracellular levels of dopamine or glutamate, brain-derived neurotrophic
factor (BDNF), pro- or anti-inflammatory mediators and changes in the excitatory-inhibitory balance [3].
Nonfocal cortical and/or subcortical stimulation should be suitable to also answer the question if
distinct types of neurons (including their genesis and developmental state) or their compartments are
more sensitive to a particular stimulation protocol than others if analyzing neuronal activity and
plasticity markers. Even if those changes have been achieved with limited focal stimulation in vivo,
matched in vitro studies on isolated neuronal systems allow estimating the relevance of focal
stimulation as recently demonstrated for the entorhino-hippocampal pathway in mice [4].
Focal electric stimulation applied in a way to either mimic the timing of spatially distant evoked
activity - as in case of interhemispheric stimulation [5] -, or to mimic the electric field distribution likely
achieved with an imaginary focal coil could further help to evaluate the differences between focal and
global stimulation. However, it has to be kept in mind that magnetic fields induced a different electric
field distribution within the tissue as can be achieved with contact electrodes, both with regard to
spatial current density and also with regard to extra- and intracellular induction of electric field
gradients. In this respect, animal studies demonstrating neuronal effects with patterned magnetic
stimulation of rather low field strength (10-100 mT) are of further interest, indicating modulation of
molecular processes like intracellular calcium release and gene expression even in the absence of
detectable electric responses [6]. Even if animal models cannot imitate TMS of human cortex in a oneto-one fashion, they definitely offer new ways to investigate how magnetically induced electric field can
interact with neuronal processes and which factors determine a variable result of stimulation.
[1] Hsieh TH, Huang YZ, Rotenberg A, et al. Cereb Cortex 2015; 25:1806-14.
[2] Ghiglieri V, Pendolino V, Sgobio C, et al. Exp Neurol 2012; 236:395-8.
[3] Suppa A, Huang YZ, Funke K, et al. Brain Stimul 2016; 9:323-35.
[4] Lenz M, Galanis C, Müller-Dahlhaus F, et al. Nat Comm 2016; 7:10020.
[5] Barry MD, Boddington LJ, Igelström KM, et al. Exp Neurol 2014; 261:258-66.
[6] Grehl S, Viola HM, Fuller-Carter PI, et al. Brain Stimul 2015; 8:114-23.
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T010
Generating evidence: On the validity of metaanalyses of transcranial stimulation trials
*R. Hamilton1
1University of Pennsylvania, Neurology, Philadelphia, PA, United States
Recent years have witnessed and explosive expansion in the number of investigations in clinical and
translational neuroscience that employ transcranial direct current stimulation (tDCS). In healthy
individuals tDCS offers a tool for testing causal relationships between brain regions and their
underlying cognitive functions, while in clinical populations tDCS is being investigated for a wide
variety of potential indications, ranging from psychiatric conditions to deficits caused by stroke and
other neurological disorders. Hundreds of researchers use the technique, and there have been over a
thousand publications involving tDCS in the last decade. However, the data currently being gathered
across many studies in this field have important limitations, including generally small sample sizes and
a high degree of heterogeneity with respect to stimulation parameters (e.g. polarity, intensity, electrode
location, etc.). Meta-analysis is an important approach that enables investigators to partially overcome
these limitations in order to make broader inferences about the effects of tDCS on cortical physiology
and cognition. In this talk, several recent tDCS meta-analyses will be surveyed, in order to highlight
the ways in which meta-analysis can contribute novel knowledge to tDCS research. However,
research involving meta-analysis is also susceptible to common pitfalls, which will also be discussed.
First, concerns related to the selection of studies and to the selection of data from individual studies
will be addressed. Subsequently, issues related to the appropriate aggregation of data across studies
will be discussed.
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T011
Influence of anti-Parkinson’s disease drugs on the neuro-plasticity induced by quadripulse
transcranial magnetic stimulation (QPS)
*R. Hanajima1, H. Enomoto2, N. Tanaka3, R. Tsutsumi4,3, T. Shimizu4,3, Y. Shirota3, Y. Terao3, M.
Abe2, Y. Ugawa2
1Kitasato University School of Medicine, Neurology, Tokyo, Great Britain
2Fukushima Medical University, Neurology, Fukushima, Japan
3Unisersity of Tokyo, Neurology, Tokyo, Japan
4Kitasato University School of Medicine, Neurology, Sagamihara-shi, Kanagawa-ken, Japan
The relation between plasticity and dopamine has been recently investigated by several investigators.
L-dopa enhanced bidirectional synaptic plasticity in the primary motor cortex (M1) of the human brain.
Abnormally reduced plasticity was normalized by L-dopa in Parkinson’s disease (PD) patients. Some
clinical symptoms significantly correlated with the plasticity abnormalities. Other anti-Parkinson’s
disease drugs may have some influence on the cortical plasticity.
We studied how anti-Parkinson’s disease drugs modulate the LTP induced by quadripulse transcranial
magnetic stimulation (QPS) in the human brain. L-dopa enhanced both LTP and LTD in normal
volunteers. In contrast, pramipexole have no influence on either LTP or LTD. Zonisamide (ZNS)
(25ms) tended to enhance LTP in aged healthy volunteers in total. In the aged group, 10 in 24
volunteers were non-responders, defined as those whose average MEP ratio was equal or less than 1.
ZNS significantly enhanced the plasticity in 10 non-responders. A single-dose of caffeine (200mg),
which inhibits both adenosine A1 and A2A receptors, significantly reduced LTP in the responders (4 in
12 healthy young volunteers). A new anti-Parkinson’s disease drug (Istradefylline), adenosine A2A
receptor antagonist also decreased LTP.
Based on our results and basic knowledge about the dopamine innervation of the primary motor
cortex, we conclude that the motor cortical plasticity studied by QPS over M1 must be influenced by
D1 projection from ventral tegmentum area to M1. This plasticity evaluation by QPS may reflect some
symptoms in PD patients.
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T012
Transcranial alternating current stimulation: Models, EEG/MEG, and cognition
*C. Herrmann1
1Oldenburg University, Psychology, Oldenburg, Germany
It has been repeatedly demonstrated that EEG oscillations reflect cognitive processes. So far,
however, EEG oscillations have only been correlated with cognitive functions. A new method now
allows to demonstrate their causal role in brain function. During transcranial alternating current
stimulation (tACS) an alternating current is applied to the scalp of human subjects and interferes with
EEG oscillations. In order to determine the placement of stimulation electrodes, finite element models
are used to predict intracranial current flow at the target location. A network of simulated neurons is
used to demonstrate that tACS results in an entrainment of ongoing brain oscillations. Multiple
experiments will be introduced that all apply tACS at different frequencies in order to modulate both
EEG oscillations and cognitive processes. The results demonstrate that tACS can modulate ongoing
EEG oscillations. This modulation, in turn, seems to modulate cognitive processes such as detection
and perception.
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T013
What do we learn from the interaction between physical activities and effects of transcranial
brain stimulation?
*Y.- Z. Huang1
1Chang Gung University, School of Medicine, Taoyuan, Taiwan, Province of China
Several forms of transcranial brain stimulation have been developed to produce after-effects on the
cortical excitability outlasting the stimulation itself for a period of time in the conscious human’s brain.
Several lines of evidence suggest that transcranial brain stimulation change the excitability of the
neuronal circuits through plasticity-like mechanisms.
Such plasticity that is induced by transcranial brain stimulation in the motor cortex can be modulated
by voluntary contraction that has no plasticity effect on its own. Not only the timing, but also the pattern
of contraction is known to be crucial in determining the amount and direction of plasticity happening
around the movement. Moreover, brief tonic voluntary contraction could modify plasticity induced in
the motor cortex controlling the antagonist muscle, indicating not only the activity in the targeting area,
but also that in a remote area connecting to this area, could modulate the effect of transcranial brain
stimulation. Similar interactions have been also found in the visual cortex.
The interaction between physical activities and the effects of transcranial brain stimulation may be
explained by metaplasticity and reversal of plasticity, i.e. depotentiation and de-depression, and
suggests that the physiological activity and synapses work synergistically in learning. The
physiological activity during practice may fine tune the amount and direction of plasticity to improve
learning. However, when a specific kind of plasticity is aimed to induce, the physiological activity
should be well controlled to maintain a predictable result.
In summary, the modulation effect of physical activities on the after-effect of transcranial brain
stimulation has opened a door to further understand physiological mechanism of learning. On the
other hand, by learning from such influence on the after-effect, the state of neuronal activity should be
carefully controlled for a stable and predictable effect of transcranial brain stimulation.
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T014
A brain network perspective on tDCS induced neuroplasticity: single versus dual or multiple
sites stimulation
*S. Jaberzadeh1, M. Zoghi2
1Monash University, Physiotherapy, Melbourne, Australia
2Melbourne University, Medicine, Melbourne, Australia
It is becoming increasingly recognized that many behavioral indicators of neurological and psychiatric
disease are not solely the result of abnormality in one isolated brain region but represent alterations in
functionally connected regions of the brain networks. In this context, brain networks become the target
of neuromodulatory interventions such as transcranial direct current stimulation (a-tDCS) for induction
of neuroplastic changes within the brain.
Advances in different neuroimaging techniques are letting us to non-invasively visualize brain
networks in humans during different behavioural tasks with high degree of resolution. Furthermore,
new technologies have also become available today which support stimulation of more than one
regions the brain networks. However, due to non-local effects of tDCS, which are caused by
propagation effects of the applied currents and structural and functional connectivities between
regions of a network, defining the ideal configuration of a dual or multi-site stimulation is complicated.
Full potential of this targeting approach requires the ability to simultaneously excite or inhibit multiple
sites across the surface of the cortex.
In this presentation we intended to stimulate the continuing efforts in understanding the the optimal
configuration of dual or multi-site tDCS in induction of the neuroplastic changes in primary motor
cortex. It also aims to broaden the attention not only to the researchers who are currently working on
these areas but to the general scientific audience who are interested in the brain structures and
functions as well.
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T015
Optimizing rTMS protocols by enhancing conductance of neural networks
A. Goldental1, I. Halawa2, Y. Shirota2, *I. Kanter1, W. Paulus2
1Bar-Ilan University, Ramt-Gan, Israel
2University Medical Center, Goettingen, Germany
The recent emergence of better rTMS stimulators allows the generation of various pulse sequences
and patterns and the following question arise - how to optimize the efficiency of rTMS scheduling in
clinical trials? While the existing literature reports seemingly contradicting results, the phase-space for
such an exhaustive optimization search is large and includes many dimensions such as repetition
frequency, pulse intensity, pulse duration, number of pulses, pulse shape and intervals between
repeated treatments. We try to identify the relevant guidelines and trends to optimize the efficiency of
rTMS scheduling. The underlying physical mechanism is the network conductance which is
significantly affected by neuronal plasticity in the form of neuronal response failures (NRFs).
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T016
Repetitive transcranial magnetic stimulation and Post-Stroke Dysphagia
*E. Khedr1
1Faculty of Medicine, Assiut University Hospital, Neuropsychiatry, Assiut, Egypt
Considerable effort in recent years has been devoted to investigating neurophysiological changes in
the brain after stroke and in developing novel strategies to enhance recovery particularlyin the limbs
and trunk. In contrast, although dysphagia is a severe complication and can be life threatening in a
considerable number of stroke patients, it has not yet received the attention devoted to limb control. In
this review, we discuss how introduction of (a) transcranial magnetic stimulation (TMS) to test
noninvasively the integrity of the cortico-bulbar swallowing system and (b) the plasticity provoking
protocols of rTMS and transcranial direct current stimulation have recently stimulated research into
dysphagia after stroke and led to new potential avenues for treatment. We discuss the neural control
of swallowing and discuss the contributions of TMS to understand how different brain areas are
involved in dysphagia. We also consider recent studies using noninvasive brain stimulation to interact
with synaptic plasticity in cortex and enhance recovery of dysphagia following stroke. Although further
studies are needed, these investigations provide an important starting point to understand the
stimulation parameters and patient characteristics that may influence the optimal response to
therapeutic noninvasive brain stimulation. These techniques need to be refined further through a
multicenter study so that they can become an essential tool that can be used in academic centers of
excellence as well as in a general hospital setting.
Keywords
post-stroke dysphagia; rTMS;
magnetoencephalography

tDCS;

natural

18

recovery

of

post-stroke

dysphagia;

fMRI;

T017
Hebbian plasticity in the parieto-frontal network
*G. Koch1
1Santa Lucia Foundation, Neurology, Rome, Italy
Transcranial magnetic stimulation (TMS) provides a unique opportunity to test the causal
neurophysiological interactions between interconnnected brain areas. This can be done by applying
two coils over two different brain areas and deliver subsequent TMS pulses with a certain time interval
in the range of few milliseconds (dual-site TMS). In these paradigms, a conditioning stimulus (CS) is
first used to activate putative pathways to the motor cortex (M1) from the site of stimulation, while a
second, test stimulus (TS), delivered a few ms later probes any changes in excitability that are
produced by the input. Dual-site TMS can be used to investigate mechanisms of spike timing
dependent plasticity within a certain network. LTP- and LTD-like effects can be induced in M1
following the repeated application of paired pulses over interconnected areas such as contralateral
M1, ventral premotor cortex, supplementary motor area or the posterior parietal cortex (PPC). A
crucial question is whether dual site TMS effects are limited to M1 or can be used to measure the
activity of the other targeted non motor areas. The combination of dual site TMS with
electroencephalography (EEG) is a promosing way to overcome these issues (Veniero et al., 2013;
Picazio et al., 2014). TMS/EEG allows to measure physiological signals generated at the cortical level
by TMS, including those generated in the so-called silent-areas such as PPC and to assess
modifications of cortical connectivity.
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T018
Stimulation outside of motor cortex
*C. Miniussi1
1Univeristy of Trento, Center for Mind/Brain Sciences, Rovereto TNS, Italy
In recent years, there has been remarkable progress in the understanding and practical use of
transcranial direct current stimulation (tDCS) techniques. The main idea that has been driving the use
of tDCS is that whereas anodal tDCS increase neuronal excitability and may consequently enhance
behavioural performance, cathodal tDCS decreases neuronal excitability and subsequently worsens
behavioural performance. Although these effects of tDCS are well documented for the motor cortex,
there is evidence that such facilitationinhibition is not always present at behaviour level and may even
be reversed depending on when and how stimulation is applied in respect to task execution, and on
the type of task. I will underline that applying this simplistic, sliding-scale reasoning (from excitation to
inhibition or vice versa) does not always lead to the desired results at behavioural level. I will provide a
picture of what we know about the theoretical models of tES that have been proposed in this field to
date.
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T019
Models of Neuronal Response to Suprathreshold Electric Fields
*P. C. Miranda1, R. Salvador1
1Faculty of Science, University of Lisbon, Physics Department, Lisbon, Portugal
Introduction
Existing models of non-invasive brain stimulation focus almost exclusively on the calculation and
analysis the electric field distribution. This information is necessary but insufficient to predict the effect
of the stimulation, which also depends on the response of neurons and neuronal networks to the
applied electric field.
Objectives
To determine the current status of models of neuronal response to suprathreshold electric fields
induced by transcranial magnetic stimulation (TMS) and point out limitations and future perspectives.
Materials & Methods
Presentation of a critical overview of studies that model the effect of TMS on neurons and neuronal
networks.
Results
In neuronal stimulation, changes in membrane potential are driven by ionic currents through
membrane channels. Action potentials are due to the response of voltage-dependent channels to
suprathreshold stimuli. It is well established that only the component of the electric field tangent to the
trajectory of a neuron, Es, can alter its membrane potential. In TMS, changes in membrane
polarization are most pronounced at terminations and bends, and are proportional to E s and the
membrane length constant, λ. These results are usually modelled in terms of Hodgkin-Huxley (HH)
type models for the membrane, and the cable model for elongated neuronal structures. The few
published studies modelling suprathreshold neuronal responses to TMS vary considerably in their
approach. Studies trying to identify stimulation sites looked in more detail at the distribution of the
induced electric field and at the neuronal paths within that field. Another study included a detailed
description of the morphology and the electrophysiological parameters of a single neuron to
investigate the characteristics of the neuronal response to TMS. In the best known study, a detailed
model of the motor thalamocortical system implemented. This model could reproduced the generation
of I-waves and paired pulse responses.
Conclusion
Investigating different features of neuronal responses to suprathreshold stimuli requires modelling at
different scales, from single neuron to complex networks. The choice of an appropriate scale will
depend on the question to be addressed.
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T020
Intracranial electric field measurements during TES in human and non-human primates. What
can we learn for accurately modelling TES?
*A. Opitz1
1Nathan Kline Institute, Orangeburg, SC, United States
Transcranial electric stimulation (TES) is an emerging technique to non-invasively modulate brain
function. However the spatiotemporal distribution of electric fields during TES remains poorly
understood.
In this study we perform direct intracranial measurements of the electric field generated by transcranial
alternating current (tACS) in epilepsy patients and cebus monkeys and evaluate the capacity of finite
element method (FEM) models to predict the spatial distribution of measured electric fields.
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T021
Synaptic plasticity mechanism explains the specificity of direct current stimulation
*L. Parra1
1CCNY, BME, New York, NY, United States
Long term effects of transcranial electric stimulation with direct currents (tDCS) have been often
attributed to synaptic plasticity. A number of human and animal studies provide support for this
hypothesis. However, the exact mechanisms by which direct current stimulation affects synaptic
plasticity remain unclear. Here we will present data on long term potentiation (LTP) and long term
depression (LTD) of synaptic efficacy -- the presumed cellular mechanism of learning. The
experiments leverage classic plasticity induction protocols in hippocampal rodent brain slices (high
frequency pulses, low frequency pulses, and theta burst stimulation). The main finding is that direct
current stimulation in isolation does not affect synaptic efficacy. Only when stimulation is paired with
one of these induction protocols do we observe effects on synaptic efficacy. The effects vanish in the
presence of NMDA receptor blockers. The polarity of the effect depends on the induction mechanism
and the site of plasticity, suggesting that the local polarization of the cellular membrane is the
mediating factor. Based on these data we propose that tDCS in human experiments is task specific,
not because of the exact placement of electrodes, but because stimulation only affects those
synapses that are already undergoing plasticity. We predict that the most specific and effective tDCS
interventions will be those that pair stimulation with a concurrent adaptation or learning protocol.
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T022
Shaping the temporal characteristics of transcranial magnetic stimulation
*A. Peterchev1
1Duke University, Psychiatry & Behavioral Sciences, Durham, NC, United States
The pulse waveform of transcranial magnetic stimulation (TMS) affects the degree to which various
neuronal elements and populations are activated as well as the strength of neuromodulation resulting
from repetitive TMS. Conventional TMS devices allow very limited pulse waveform adjustment;
therefore we developed TMS devices with controllable pulse parameters (cTMS). So far cTMS has
been used, by our and other groups, to study strength-duration curves in motor cortex and the
associated neural membrane time constants; pulse-width dependence of motor input-output curves,
cortical neuron recruitment, paired-pulse paradigms, and scalp sensation; and pulse-shape
dependence of neuromodulatory effects. These studies show that changing the pulse width, shape,
and/or direction may alter the neural elements that are preferentially activated in cortex, as evidenced
by differences in motor evoked potential latencies and membrane time constants. These parameters
also affect the changes of neural excitability resulting from 1 Hz and intermittent theta burst
stimulation. For the 1 Hz protocol, the near rectangular cTMS pulses produced stronger inhibition than
conventional sinusoidal pulses, with unidirectional cTMS pulses having the strongest effect. As well,
cTMS has been used to optimize new repetitive paired-pulse stimulation protocols. cTMS was also
used to show that the slope of motor input-output curves depends on pulse width via the same
mechanism driving the strength-duration relationship of motor threshold. Finally, the pulse width
affects the perceived scalp sensation of TMS, with briefer pulses feeling sharper and slightly more
uncomfortable than longer pulses. In parallel with exploring the capabilities afforded by cTMS, we are
developing a next generation ultraflexible TMS device called a modular pulse synthesizer (MPS) that
would allow the generation of essentially any pulse shape and pulse sequence/train within the energy
levels practical for TMS. The development and adoption of cTMS and MPS could enable expanded
utilization of the temporal characteristics of TMS as a means of enhancing functional targeting,
noninvasive biomarkers, neuromodulatory potency, and tolerability.
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T023
Targeting the biased brain. Non-invasive brain stimulation to ameliorate cognitive control
*C. Plewnia1
1University of Tübingen, Psychiatry and Psychotherapy, Tübingen, Germany
Non-invasive brain stimulation has emerged as a new means of psychiatric treatment, although the
mechanisms of action are still vaguely understood. Dysfunctional cognitive control is a central
characteristic of various psychiatric disorders like depression, anxiety, eating disorders and addiction.
It is associated with dysregulations of prefrontal-limbic network activity and maladaptively biased
information processing.
In a series of studies, we have recently shown that in patients with depression, anodal, activity
enhancing transcranial direct current stimulation (tDCS) of the left dorsolateral prefrontal cortex
(dlPFC), can ameliorate negatively biased information processing whereas, in healthy subjects,
cathodal, activity decreasing tDCS of this area can induce a depression-like negativity bias.[1]
Modulatory effects on cognitive control of emotional distraction have also been found reflected in
autonomous responses.[2] Moreover, we have demonstrated that, in healthy subjects, anodal tDCS of
the left dlPFC can inhibit frustration and improve processing speed in a challenging cognitive task.[3]
These findings suggest a neurocognitive mechanism of therapeutic effects of non-invasive brain
stimulation. In addition, it suggests further research on a targeted combination of brain stimulation with
training to alleviate dysfunctional cognitive control and related clinical symptomatology.
Nevertheless, the intra-individual and inter-individual diversity of neurocognitive processes, the
multiplicity of possible stimulation parameters, and the complexity of interactions between those
factors pose considerable challenges for interpretation of these findings and their clinical application.
[1] Plewnia C, Schroeder P, Wolkenstein L. (2015) Targeting the biased brain: noninvasive brain
stimulation to ameliorate cognitive control. Lancet Psychiatry 2:351-356.
[2] Plewnia C, Schroeder PA, Kunze R, Faehling F, Wolkenstein L. (2015) Keep calm and carry on:
Improved frustration tolerance and processing speed by transcranial direct current stimulation. PLoS
ONE 10:e0122578.
[3] Schroeder PA, Ehlis A, Wolkenstein L, Fallgatter AJ, Plewnia C (2015). Emotional distraction and
bodily reaction: Modulation of autonomous responses by anodal tDCS to the prefrontal cortex. Front
Cell Neurosci 9:482.

25

T024
Modulation of gamma oscillations dynamics by weak electric fields
*D. Reato1, M. Bikson2, L. Parra2
1Champalimaud Centre for the Unknown, Neuroscience Programme, Lisbon, Portugal
2The City College of the City University of New York, Biomedical Engineering, New York, United
States
We are interested in the acute effects of weak electric fields on gamma oscillations, which is a critical
neural substrate of information processing in the hippocampus. Stimulation with weak currents is
known to have a relatively small effect on the firing of individual neurons. Yet, when applying
stimulation during gamma activity in rodent slices, we find that the effects of fields are significantly
amplified by the neuronal network. Using a computational model we demonstrate that this
amplification is the result of the dynamic push and pull of the excitatory/inhibitory feedback loop, which
is the hallmark of gamma oscillations. The recorded effects have a mixed spatial distribution in CA3,
which is the hippocampal region with the strongest recursive feedback and the main generator of
gamma activity. This recursive structure is sometimes thought to be the core processing unit for
associative memories. Interestingly, when applying constant current stimulation, the enhancement of
gamma activity and neuronal firing outlast the period of stimulation by several minutes, suggesting
plastic effects of DC stimulation on this important associative neuronal network.
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T025
Optimizing logical coupling between brain stimulation and pharmacotherapy with use of animal
models
*A. Rotenberg1
1Boston Children's Hospital / Harvard Medical School, Neurology; Neuromodulation Program, Boston,
MA, United States
Adaptations of noninvasive brain stimulation protocols to animal models offers opportunities for insight
into the molecular and cellular consequences of techniques such as rTMS and tDCS. Beyond
identifying mechanisms by which these and related protocols alter brain function, in vivo and in vitro
translational experiments can uncover signalling pathways that are both engaged by noninvasive brain
stimulation and also contain therapeutic drug targets. Thus paired drug-device combinations may be
tested in preclinical experiments where relatively high-throughput systematic manipulation of
stimulation parameters and drug choice and dose is much more practical than in clinical studies.
Accordingly this presentation summarizes experiments aimed to address practical gaps in knowledge
that may be encountered in the clinical arena, where in many disease states a patient is unlikely to
undergo stimulation without concomitant drug treatment, and where the therapeutic efficacy of
noninvasive brain stimulation may be incomplete and can be improved by selective drug treatment.
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T027
tACS and tDCS for vision restoration
*B. A. Sabel1, R. Alber1
1Otto-von-Guericke University, Institute of Medical Psychology, Magdeburg, Germany
Alternating current stimulation (tACS), when applied near the eye, forces retinal ganglion cells to fire at
predetermined frequencies. Repeating this for extended time periods might strengthen the synaptic
connectivity through mechanisms of neuroplasticity and thus induce long-lasting after-effects of brain
synchronization. To check clinical efficacy in the treatment of vision loss, patients suffering from optic
nerve damage received tACS for 10 days (20-40 min daily, AC-current bursts of.
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T028
AGAINST
Efficacy is not equal to effectiveness: Transcranial magnetic stimulation in the treatment of
depressive disorder
*D. Schutter1
1Donders Institute, Brain Stimulation and Motivtrional Control, Nijmegen, Netherlands
Administering transcranial magnetic stimulation to the prefrontal cortex is efficacious for the
management of depressive symptoms. Data demonstrating efficacy are often assumed to be similar to
effectiveness data, but this assumption is not correct. Efficacy is the extent to which a treatment does
more good than harm under experimentally controlled conditions, whereas effectiveness is the extent
to which a treatment does more good than harm when provided under the usual conditions of health
care practice. Efficacy studies often overestimate the effect of treatment when implemented in clinical
practice effectiveness research accounts for additional variability, including patient characteristics and
suboptimal TMS dosage, that moderate treatment effect [1]. While the main clinical outcome measure
in TMS efficacy studies is the baseline adjusted change score on established clinical ratings scales,
assessment of health outcomes including quality adjusted life years has not been extensively studied.
In fact, cost-utility analyses are critical to establish external validity by showing that the efficacy in
randomized controlled trials reflects clinical practice. Together with the absence of mechanistic
neurophysiological explanations and lack of insight into the duration of the effects, the effectiveness of
TMS in the treatment of depression remains an open question [2]. TMS improve symptoms of
depression, but due to the multifactorial nature of the intervention, the overall effectiveness of TMS for
the treatment of depression remains unclear [3]. Effectiveness studies are needed in order to consider
TMS a realistic option for health-care decisions by practitioners and policy-makers in the treatment of
depressive disorder.
[1] Eichler HG, Abadie E, Breckenridge A, Flamion B, Gustafsson LL, Leufkens H, Rowland M,
Schneider CK, Bloechl-Daum B (2011). Bridging the efficacy-effectiveness gap: a regulator's
perspective on addressing variability of drug response. Nat Rev Drug Discov. 10:495-506.
[2] Gartlehner G, Hansen RA, Nissman D, Lohr KN, Caret TS (2006). Criteria for distinguishing
effectiveness from efficacy trials in systematic reviews. Tech Rev, 12. Rockville (MD): Agency for
Healthcare Research and Quality (US).
[3] Canadian Agency for Drugs and Technologies in Health (2014). Transcranial magnetic stimulation
for the treatment of adults with PTSD, GAD, or depression: A review of clinical effectiveness and
guidelines. Rapid Response Report: Summary with Critical Appraisal. Ottawa (ON): CADTH.
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T029
Where do we stimulate M1? A combined neurophysiological and modelling approach
*A. Thielscher1,2
1Technical University of Denmark, Kgs. Lyngby, Denmark
2Danish Research Center for Magnetic Resonance, Copenhagen University Hospital Hvidovre,
Hvidovre, Denmark
Much of our knowledge on the physiological mechanisms of transcranial magnetic stimulation (TMS)
stems from studies which targeted the human motor cortex. Very surprisingly, however, it is still
unclear which part of M1 is stimulated by TMS when a muscle twitch is elicited. Considering that the
motor cortex consists of functionally and histologically distinct subareas, this also renders the
hypotheses on the physiological TMS effects uncertain.
I will report on two recent studies which combined electrophysiological measurements of muscle
responses to TMS with realistic estimates of the induced electric field, based on the finite-element
method (FEM) and MRI-derived individual head models. In the first study, the orientation of a standard
figure 8 coil was systematically varied and the field changes in different subparts of the motor cortex
were compared with the electrophysiological threshold changes. In the second study, three figure 8
coils having different field decays were used and the differences in the electrophysiological thresholds
were correlated with the differences in the calculated field distributions. Both studies consistently
demonstrate that TMS stimulates the region around the gyral crown and that the maximal electric field
strength in this region is significantly related to the electrophysiological response.
Our studies are one of the most extensive comparisons between FEM-based field calculations and
physiological TMS effects so far, being based on data for two hand muscles in 9 subjects. The results
help to improve our understanding of the basic mechanisms of TMS. They also pave the way for a
systematic exploration of realistic field estimates for dosage control in TMS.
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T030
Guiding TMS by EEG/MEG to interact with oscillatory brain activity and associated functions
*G. Thut1
1University of Glasgow, Glasgow, Great Britain
This talk will consider to what extent specificity of TMS (and TACS) interventions can be enhanced by
adding a temporal to the usual spatial dimension of targeting. The studies I will present take into
account temporal patterns of ongoing electrical brain activity for tailoring TMS to interfere with brain
functions. The emphasis will be on brain oscillations as potential targets, and entrainment by rhythmic
stimulation as a potential approach, which corresponds to an interaction of brain stimulation with brain
activity, as opposed to a simple perturbation. My talk will cover studies that use frequency-tuned
rhythmic TMS (or tACS), combined with EEG/MEG recordings, to guide and document the effects of
stimulation. It will highlight concepts as well as empirical support for entrainment of brain oscillations,
associated performance changes in the context of parietal TMS to bias visual perception, and outline
differences between online and offline effects.
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T031
One solution for variability of the long term effect induced by NIBSs
*Y. Ugawa1
1Fukushima Medical University, Department of Neurology, Fukushima, Japan
The interindividual variability of the synaptic plasticity (SP) in human brain induced by NIBSs is one of
topics in this field. In this communication, I will show which factors explain this variability and how to
exclude such factors in MEP experiments in humans.
How stable QPS
The significant responder rate of QPS5 and QPS50 were 80% and 63%, respectively. Their rate of
non-significant responder was 17% and 37%, but the opposite responder rate was 3% and 0%. The
comparisons between several parameters QPSs suggested that the monophasic TMS pulse to use
and 30minutes duration of the QPS procedure have critical roles for stable SP induction.
Factors for variability
Two groups of variability may affect SP. Biological variability: BDNF polymorphism, meta-plasticity,
baseline condition and so on. They may play a small role because QPS was not affected by them, and
we are not able to control these factors. Methodological variability: Which synapse is the target for
SP induction? SP induction of one synapse is better to see a clear effect. The direction of induced
current and TMS pulse for the intervention (mono or bi phasic pulses) markedly affect this factor. How
stable SP is induced? PSP, STP, early LTP or late LTP? The duration of the intervention may affect
this factor. In QPS, monophasic TMS may induce quite pure SP and 30mintes duration may induce a
considerably stable SP. MEP recording after the intervention: MEP size should be affected by the
excitability of cortical synapse, axonal excitability of the corticospinal tract, spinal synapse,
motoneurons, neuromuscular junction and muscle. We should record MEPs mainly reflecting the
excitability of motor cortical synapse on which SP is induced.
My proposal (one solution)
To use monophasic TMS pulses in the intervention as long as 30minutes. During monitoring MEPs,
we should use small intensity stimulation inducing the currents in the same direction as those used in
the plasticity induction procedure, and also MEPs should be recorded in an active target muscle.
Reference
Nakamura K et al, Variability in response to quadripulse stimulation of the motor cortex. Brain stimul
(in press)
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Figure 1

Figure 2
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T032
New methods for electrode optimization in high-definition transcranial current stimulation.
*C. Wolters1
1Institute for Biomagnetism and Biosignalanalysis, University of Münster, Münster, Germany
tDCS is a non-invasive brain stimulation technique which modifies neural excitability by providing weak
currents through scalp electrodes. The aim of my presentation is to introduce and analyze new forward
and inverse methods for safe and well-targeted multi-electrode tDCS. I will first show using Continuous
Galerkin Finite Element Method (CG-FEM) simulations that standard bipolar electrode montages
induce a very widespread current flow field with the strongest intensities often located in non-target
brain regions. I will then discuss the limitations of such standard CG-FEM simulation approaches and
introduce the problem of skull leakages. The tDCS forward problem is then related to the EEG forward
problem using Helmholtz principle of reciprocity and a new Unfitted Discontinuous Galerkin FEM
(UDG-FEM) approach for both EEG and tDCS forward problem will be presented. UDG-FEM
combines the advantages of a FEM approach on a structured hexahedral mesh with implicit surface
representations given by level set functions and thereby alleviates the problem of skull leakages and
inappropriate modeling of smooth tissue surfaces. Finally, I will present a new multi-electrode tDCS
optimization approach that uses the alternating direction method of multipliers for optimizing the
focality, orientation and intensity of current density at the target location, while minimizing current
density in the remaining brain. I will provide computer simulation results in a highly realistic sixcompartment geometry-adapted hexahedral head model. The numerical results reveal that the
optimized current flow fields show significantly higher focality and, in most cases, higher directional
agreement to the target vector in comparison to standard bipolar electrode montages. I will also show
a comparison oft he ADMM optimization to other approaches from the literature.
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T033
Right prefrontal rTMS for the treatment of ADHD: Electrophysiological correlates and
prognostic biomarkers
*A. Zangen1
1Ben-Gurion University, Life Sciences, Beer Sheva, Israel
Background
Reduced excitability of the right prefrontal cortex (rPFC) has been implicated in attention
deficit/hyperactivity disorder (ADHD). Despite its high prevalence, chronic treatments for ADHD are
not tolerable by many patients. Modulation of the rPFC with rTMS may become a novel treatment
alternative.
Methods
Drug-free adults with ADHD (n=53) received 15 daily sessions of high-frequency repetitive TMS
directed to the rPFC, using either deep (H-6r, dTMS), standard (Figure-8, 8TMS), or sham coils.
Standard ADHD questionnaires were administered, and EEG recordings were taken before, during,
and after the first and the last days of treatment. In addition, EEG was recorded during a Stop Signal
task (SST), following single TMS pulses over the rPFC, and during the treatment session itself.
Additional comparison group of healthy subjects (n=41) was recorded under the same conditions, but
did not undergo the chronic rTMS treatment.
Results
At baseline, amplitudes of TMS evoked potential (TEP) and the SST’s N200 and P300 components,
were significantly lower in subjects with ADHD than those of healthy controls. Moreover, the TEP and
SST amplitudes correlated with ADHD symptoms and with the behavioral inhibition measures.
Following treatment, improvement in ADHD total symptoms was only evident in the dTMS group.
Moreover, TEP was enhanced following the first treatment session with either 8TMS or dTMS, but
long-term cumulative enhancement was evident only in the dTMS group. Finally, specific EEG bands
recorded at rest and during the first treatment session were highly correlated with dTMS outcomes;
yielding a prognostic marker that explains 90% of variance in therapeutic outcome.
Discussion
These findings suggest that 3 weeks high frequency dTMS treatment can serve as a novel treatment
for ADHD in adults, possibly by enhancing excitability of the rPFC. Furthermore, electrophysiological
activity elicited during the first treatment session can serve as a high quality prognostic marker. This
predictor may promote superior treatment response rates under proper selection of patients and is a
first step towards the development of personalized dTMS treatment.
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T034
Transcranial brain stimulation in psychiatry - translational research towards treatment?
*F. Padberg1
1Ludwig-Maximilian University, Munich Center for Brain Stimulation, Department of Psychiatry and
Psychotherapy, Munich, Germany
Objectives
Transcranial brain stimulation (TBS) techniques are promising as therapeutic interventions in
psychiatry and few large randomized controlled trials (e.g. in depressive disorders) have opened the
field for wider clinical applications. In addition, an enormous set of experimental data for TBS is
available from human neurophysiology and cognitive neuroscience research. TBS has been
investigated in cellular and animal models, though studies are not as numerous compared to research
in humans. With this background, coordinated translational research is a neglected field and
particularly promising in order to transfer preclinical knowledge to clinical applications and could be
strengthened by establishing specific coordinated research programs. The German Center of Brain
Stimulation (GCBS, www.gcbs.network) funded by the German Federal Ministry of Research and
Education (BMBF) since 2015 set out on this endeavor.
Methods & Results
Three examples from the GCBS will be given to illustrate the added value of coordinated research in
this field: 1) reverse translation, i.e. establishing complementary animal models for TBS protocols in
humans and investigating their mechanisms of action, 2) The effect of transcranial direct current
stimulation (tDCS) on working memory and learning serves as paradigm for translational research
starting from animal models via experimental studies in humans to clinical applications in the field of
behavioral training and psychotherapy. 3) High quality randomized controlled clinical trials (RCTs)
which are mandatory for establishing therapeutic applications can be accompanied by basic research
characterizing mechanisms of action. Two current randomized placebo-controlled trials
(DepressionDC,clinicaltrials.gov: NCT02530164; Psychotherapy Plus,clinicaltrials.gov: NCT02633449)
will be presented including a novel mode of controlled tDCS application; research questions from this
trial for preclinical studies will be discussed.
Conclusion
In sum, the natural boundaries of translational research from bench to bed between cellular
models/animal models, healthy subjects and patient populations need to be systematically addressed
in order to speed up the process of TBS development towards treatment. These examples require
forward and reverse translational research. The GCBS may serve as model for further coordinated
programs following a recently established hub-and-spoke structure.
Supported by the Federal Ministry of Research and Education ("Forschungsnetz für psychische
Erkrankungen", German Center for Brain Stimulation - GCBS, FKZ: 01EE1403)
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Therapy Neurology
P001
Repetitive Transcranial Magnetic Stimulation (rTMS) can improve olfactory dysfunction in
neurodegenerative disorders: Case study
*A. Marei1, H. Rashed1
1Brains' clinic, neuropsychiatry, Cairo, Egypt
Objective
To investigate the possible effect of rTMS in improving anosmia associated with neurodegenerative
disorder (Parkinsonian syndrome).
Methods
A middle aged male patient with the diagnosis of symptomatic parkinsonian syndrome (tremors,
rigidity, bradykinesia, frequent falls and insomnia ), referred to our lab for brain stimulation sessions
after failure of his dopaminergic medications to improve his symptoms. On further evaluation, patient
reported anosmia. 2 protocols were done every session: (a) 30 pps,100 pulse/train, 20 trains, 2 sec
inter train interval, intensity10%, With total number of pulses 2000 each using stroke method over the
scalp. followed by (b) 5 pps, 100 pulse/train, 20 trains, 20 sec inter train interval, intensity 45% with
total number of pulses 2,000 over the LDPFC (F3) for 5 consecutive sessions for 2 weeks.
TMS machine used was MagVenture Pro 30, with coil Type: 125
Results
Along with improvement of the motor symtoms (tremors, bradykinesia and rigidity) and non motor
symptoms (Sleep quality), there was also a significant improvement in the olfactory functions. Our
patient was able to identify cumin on the fourth day from a distance of 1 meter after his brother open
its jar. The next day, the patient identified type of breakfast his brother was cooking while residing in
his own apartment (one floor above his brother’s)
Conclusions
Olfactory dysfunction is common and it is increasingly receiving attention as an important sign for the
early diagnosis of neurodegenerative disorders as Parkinsonian syndromes (idiopathic and
symptomatic) and Alzheimer disease (AD). Medical treatment of Parkinson disease (PD) seems to
have no effect on the olfactory dysfunction. In our current case, rTMS didn't only improve motor
dysfunction, it also improved non motor dysfunctions as sleep disturbance and anosmia, which was an
annoying symptoms for the patient. Further researches are needed to confirm our results.
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P002
Abnormal surround inhibition of finger tapping task and cerebellar hyper-activation of
functional MRI in patients with focal hand dystonia
*Y. Nakamura1, H. Sakamoto1, S. Ueno1, M. Hirano1, T. Toge2
1Kinki University Faculty of Medicine, Neurology, Sakai Hospital, Sakai, Japan
2Faculty of Medicine, Kagawa University, Health Sciences, School of Nursing, Takamatu, Japan
Introduction
Surround inhibition is one physiological mechanism to select neuronal responses and to focus neural
activity in the central nervous system. Within the motor system, it is a mechanism by which basal ganglia
circuits selectively execute desired motor programs. Clinical features of focal hand dystonia (FHD) are task
specific abnormal posturing due to sustained muscle contractions interfering with the performance of the
skilled motor tasks. In dystonic patients, abnormal involuntary co-contraction of the hand muscles is
associated with a disruption of SI.
Objectives
The aim of the study is to research the relationship with disrupted SI and function of central nervous system
during motor performance using functional MRI.
Patients & Methods
Seven healthy subjects (mean ages 34.7±9.1 years, all men) and seven patients with writer cramp (mean
ages 53.7±17 years, 4 men and 2 women) were enrolled. Surrounding inhibition study: The experiment of
surround inhibition was done according to Beck and Hallett. The EMG were recorded in both right first
dorsal interosseus muscle (FDI) and abductor polices brevis muscle (APB). SI was evaluated as the ratio of
MEP size of APB to that of FDI. Their right hand put on a side-table with their index finger on small tip of
force transducer. Subjects pushed down on a small force transducer using their index finger as quickly as
possible after an acoustic start signal. MEPs were measured by using single TMS which was given before
signal and 100ms, 150ms and 1200ms after signal. The time course of SI was constructed. And also
cortical silent periods were measured for the evaluation of cortical inhibition during finger movement.
Functional magnetic imaging for task and testing procedures: Subject was required to tap the second finger
with the thumb at the speed of about 1Hz for ten seconds of one session. Each subject participated in two
sessions during they performed right-hand tapping or left-hand tapping. Functional MRI contrast analysis of
activity was collected during tapping versus rest block. Blood oxygen level-dependent (BOLD) images were
recorded. All imaging data were analyzed using analysis of SPM2 software in. Activation area was imaged
by statistically activation of BOLD.For functional MRI, epoch-related fMRI design to map regional changes
in BOLD signal under the condition of grip task and finger tapping task.Results: In normal subjects,
significant SI (smaller MEP of APB to FDI) was found within 150ms after finger tapping. However, FHD
showed no SI during finger tapping. In FHD, BOLD activity of contralateral SMA and cerebellum and
excessive activation in PMA were observed in four of 7 patients. Hyperactive area around SMA in FHD
extended broader than normal subjects. And also hyperactive areas were observed in ipsilateral SMA.
Finger tapping task than grip task produced stronger activation in cerebellum and SMA in FHD. Discussion:
In normal subjects, significant SI was found within 150ms during pinching task with 10% Fmax. However,
FHD showed no SI during pinching task.
In FHD, the finding of fMRI showed BOLD hyper-activation of SMA and excessive activation in PMA. And
also hyperactivity is observed in both cerebellar hemispheres. Tapping task than grip task produced
hyperactivity in SMA and cerebellum. These findings suggest that skilled task must make less surround
inhibition in central nervous system network. The finding of hyperactive BOLD signal suggests that disinhibition of central nervous system network. There may be any relationship with a disrupted SI and hyperactivation of cerebellum in fMRI during voluntary movement.
Conclusion
Our findings showed FHD with disrupted SI had cerebellar hyper activation of cerebellum in fMRI during
voluntary movement.
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P003
Facilitatory Effect of Intermittent Theta Burst Stimulation Cortical and Subcortical Middle
Cerebral Artery Stroke
*S. Jee1, M.- K. Sohn1, S.- C. Ahn1
1Chungnam National University, Rehabilitation Medicine, Daejeon, South Korea
Question
To compare the effects of intermittent theta burst stimulation (iTBS) on ipsilesional cortical and
subcortical hemispherebetween cortical and subcorticallesionin middle cerebral artery (MCA) stroke.
Methods
Twenty five subacute hemiplegic first ever stroke patients (13 subcortical, 12 cortical lesion; 61.2 ±
14.5 years; 14 male, 11 female) wasere enrolled. The active motor threshold (AMT) defined as a
stimulus intenstiy (% of machine output, MO) for the contralateral visible motor evoked potential (MEP)
during isometric contraction of the first dorsal interosseus (FDI) at about 10% of maximum force. MEP
was recorded in the FDI and the magnetic stimulation conducted with the 120 % of resting motor
threshold (RMT) on the hot spot of lesional hemisphere. The iTBS was delivered over the ipsilesional
hand motor cortex (M1) with figure-of-eight coil.(Cool B65) of MagPro stimulator (Magventure A/S,
Denmark, Farum). The iTBS protocol consisted 10 bursts of high-frequency stimulation (1burst: 3
pulses at 50 Hz) at 5 Hz every 10 seconds with 80% ofthe active motor threshold (AMT). The motor
evoked potential (MEP)in FDI muscleand lateral pinch power (lb) ofthumbthe ipsilesional handin lesion
side were recorded before and immediate after theiTBSstimulation. Independent t test were used to
compare the parameters between groups. Paired sample t test used to confirm the changes MEP and
pinch power between before and after stimulation.
Results
The amplitude of MEP was statistically significantly increased after iTBS (cortical : subcortical = 30.0
%: and52.7 %, P < 0.05). The latency of MEP wasonly showed the tendency to be decreased after
iTBS (cortical : subcortical = -3.7 % : -2.5 %, P > 0.05). Thefingerpower of lateral pinchpower of lesion
side was increased (cortical : subcortical = 5.5 % : 6.7 %, P < 0.05). But therewasi no statistically
significant differences in all measurements between 2 groups at baseline and after stimulation.
Conclusions
The results of our study suggest that iTBS over ipsilesional M1 of the affected hand motor cortex is
beneficial tocan modulate cortical excitability and functional performance in both cortical and
subcortical lesion.
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P004
Application of TMS and DTI in pre-radiotherapy planning and the effect of radiation on motor
function: A pilot study with two patients
*E. Kallioniemi1,2, J.- E. Palmgren3, M. Fraunberg4, M. Könönen1,5, R. Vanninen5, P. Julkunen1,2
1Kuopio University Hospital, Department of Clinical Neurophysiology, Kuopio, Finland
2University of Eastern Finland, Applied Physics, Kuopio, Finland
3Kuopio University Hospital, Cancer Centre, Kuopio, Finland
4Kuopio University Hospital, Department of Neurosurgery, Kuopio, Finland
5Kuopio University Hospital, Department of Clinical Radiology, Kuopio, Finland
Question
Although radiotherapy (RT) applied to treat brain tumors is a standard clinical procedure, the influence
of RT on neural functions and structures nearby the tumor and the treatment volume has not widely
been investigated. Thereby, functional areas are commonly not avoided as organs of risk. In this pilot
study we evaluated whether TMS and DTI are beneficial in RT planning. Also, we aimed to receive
indications on how RT affects the motor function.
Methods
The study included 2 patients with a subcortical tumor in the immediate vicinity of the corticospinal
motor tracts, but a few centimeters from the motor cortex. Measurements were conducted before, after
and 3 months from RT with navigated TMS and MRI. Following parameters were determined: resting
motor threshold (rMT), upper threshold (UT) from Mills-Nithi algorithm [1], threshold for a silent period
of 30ms in duration (SPT30) [2], anisotropy index (AI) at UT [3] and size of the cortical motor
representation mapped with UT. TMS-mapped cortical motor area and DTI-derived corticospinal motor
tracts were defined as organs of risks in RT planning and given dose limits, although scattering
radiation could not be avoided. A reference plan in which the motor areas were not avoided was also
done, but was not used in the RT.
Results
Utilizing TMS and DTI in RT planning was able to reduce the maximum dose in the motor areas and
corticospinal tract by 6-54 % (Table 1) in comparison to reference plan. The characteristics of motor
function are presented in Table 2. No clear trends of changes in rMT, UT, SPT30 or AI can be seen,
whereas the size of the motor area seems to change after RT.
Conclusion
This pilot study shows that utilizing TMS and DTI in RT planning may be beneficial. Estimation of the
full potential of the added information will require patients with varying tumor location and radiation
dose under controlled conditions. The preliminary data implies that radiation may have influenced the
size of the motor area through damage in the corticospinal tract. In patient 2, however, the motor area
size returned back to pre-RT level 3 months from RT.
References
[1] Mills KR & Nithi KA. Muscle Nerve 1997;20:570-76.
[2] Kallioniemi E, et al. Clin Neurophysiol 2014; 125:2247-52.
[3] Kallioniemi E, et al. Neuroreport 2015;26:515-21.

Table 1: Patient-specific radiation doses to the motor cortex and corticospinal tract.

Table 2: Patient-specific motor functional characteristics before, after and 3 months from radiotherapy.
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P005
Transcranial magnetic stimulation in the evaluation of the functional state of central nervous
system neurons under the robotic neurorehabilitation
*V. Voitenkov1, K. Andrey1, N. Skripchenko1, Nicolay Smirnov2
1Scientific Research Institute of Children's Infections, Neurophysiology, St. Petersburg, Russian
Federation
2 Neurosoft Company, Russia
Objective
Our goal was to evaluate functional state of central nervous system with transcranial magnetic
stimulation in children under robotic rehabilitation therapy.
Design
54 children (age 12-16) with neurologic deficitis (23 with viral encephalitis sequelae and 31 with
cerebral palsy), were enrolled. Patients were equally distributed to robotic rehabilitation group and
controls. Interventions: 31 patient underwent 10 rehabilitation sessions on robotic rehabilitation device
"MotionMaker"; 23 controls underwent excercise therapy and massage. All were twice evaluated by
TMS (single pulse protocol): 1 day before and 1 day after the therapy. Neuro-MS-D stimulator and
Neuro-MVP system were implemented, 90-sm round coil was used. Latency, threshold, duration and
shape of motor evoked potential (MEP) and central motor conduction time (CMCT) were evaluated.
Results
In both groups threshold of MEP dropped at the second evaluation: in robotic therapy group average
drop was on 42% (p0.05). Duration of MEPs in both groups expanded on 12%. CMCT, latency and
amplitudes changes were insignificant in both groups.
Conclusions
Both treatment regimes raised functional activity of motor cortex; in robotic therapy group this effect
was significant. There were trend towards more pronounced conductivity improvement in robotic
therapy group. Robotic neurorehabilitation therapy proved to be more effective in treatment of children
with neurologic disorders after viral encephalitis and cerebral palsy. Thus, neurorehabilitation in
children may raise the functional state of central nervous system neurons, which may be measured by
single-pulse protocol TMS.

42

P006
Effects of Zonisamide on human motor cortical plasticity: a TMS study
*T. Shimizu1,2, R. Hanajima1,2, N. Tanaka2, R. Tsutsumi1,2, Y. Shirota2, Y. Terao2, Y. Ugawa3
1Kitasato University School of Medicine, Neurology, Kanagawa, Japan
2University of Tokyo Hospital, Neurology, Tokyo, Japan
3Fukushima Medical University, Neurology, Fukushima, Japan
Introduction
Zonisamide (ZNS) was reported to be effective for patients with Parkinson’s disease (PD). However,
anti-Parkinsonian mechanisms of ZNS remain unclear. Some reports suggest that abnormal cortical
plasticity is related to pathophysiology of PD. Previous study revealed that Levodopa, which is a
crucial drug for PD treatment, enhances plasticity-like effects induced by rTMS in normal subjects, or
restores LTP-like effects in PD patients.
Objectives
We studied the influence of ZNS on the motor cortical LTP-like effect induced by Quadripulse
Transcranial Magnetic Stimulation (QPS) in normal subjects.
Materials and Methods
24 healthy volunteers (12 men and 12 women; 65.8±2.4 years old) participated in this study. The study
design was a double-blinded, complete crossover and placebo-controlled form. The subject took either
ZNS (25mg) or a placebo in each session. Two hours after a capsule intake, QPS was given over the
left M1 after measuring the motor thresholds (RMT/AMT) and the baseline MEP size. QPS consists of
bursts of four monophasic TMS pulses separated by inter-stimulus intervals of 5ms, which is the best
interval for LTP induction, and was repeated every 5 s for 30 min. We measured the MEP amplitude at
0, 5, 10, 15, 20, and 25 min after the end of the QPS. We divided the subjects into “responders” and
“non-responders” according to a previously reported definition and compared the time courses
between the experimental conditions in each group of subjects separately.
Results
14 participants were defined as a responder, and the other 10 were as a non-responder. There were
no significant differences in the RMT, AMT, baseline MEP, or the single pulse TMS intensity that was
used between responders and non-responders. ZNS significantly enhanced the LTP in nonresponders (p=0.008), but not in responders (p=0.48).
Conclusion
ZNS significantly enhanced LTP in non-responders, but had no influence in responders. The mild LTP
enhancement by ZNS shown here may partly explain its anti-Parkinsonian mechanisms.
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Comparing the efficacy of transcranial alternating current stimulation (tACS) and transcranial
random noise stimulation (tRNS) on the auditory temporal resolution in patients with dyslexia
*K. Rufener1, H.- J. Heinze1, T. Zaehle1
1Universitätsklinik für Neurologie, Magdeburg, Germany
Introduction
The impaired processing of rapidly changing auditory temporal features has been suggested as one
key factor in development dyslexia. Voice onset time (VOT), a short period between the release of
closure and the start of voicing enables to distinguish categorically between voiced (i.e. /da/) and
voiceless stop-consonants (i.e. /ta/). VOT thus requires the precise perception and categorization of
rapidly changing temporal information in the speech signal and can be considered as an important
acoustic cue for the encoding of linguistically relevant information. Recently, non-invasive transcranial
electrical stimulation has been suggested as a valid tool to modulate VOT-processing in healthy
subjects (Heimrath et al., 2015; Rufener et al., 2016).
Objectives
The current study strives to assess the potential of transcranial alternating current stimulation (tACS)
and transcranial random noise stimulation (tRNS) on VOT-categorization in dyslexic participants.
Material and Methods
16 adult dyslexics (age 20 - 50 years) with normal hearing acuity participated in this study. All
participants received on three consecutive sessions either 20 minutes of tRNS (100 - 640 Hz), 40 HztACS or sham stimulation over bilateral auditory cortex region while they performed an auditory
phoneme categorization task. Subsequently, a passive MMN-paradigm with a standard stimulus
(voiced /da/, VOT 20 ms), two within-category deviants (VOT 24 ms, VOT 28 ms) and to betweencategory deviants (voiceless /ta/, VOT 32 ms, VOT 36 ms) was performed. EEG-data were recorded
from three midline electrodes (Fz, Cz, Pz) with the reference electrode at the tip of the nose.
Results
We found enhanced MMN-amplitudes at the Fz-electrode for both within-category deviants after 40
Hz-tACS compared to tRNS and sham. This finding indicates that tACS but not tRNS improves the
auditory temporal resolution in patients with dyslexia.
Conclusion
Our data provides first evidence for a superior effect of tACS compared to tRNS on VOT-processing in
dyslexic participants. Of note, we found increased temporal precision of the auditory system after a
single session of VOT-categorization accompanied by tACS. Our finding emphasizes the clinical
application of tACS in the context of impaired speech processing.
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Long term neurophysiological effects of the gluten-free diet in adult celiac patients: a tms
study
M. Cantone1, R. Ricceri2, M. Pennisi3, R. Ferri1, G. Pennisi4, R. Bella2, *G. Lanza1
1I.R.C.C.S. "Oasi Maria SS.", U.O.C. Neurology IC, Troina, Italy
2University of Catania, Department “G.F. Ingrassia”, Section of Neurosciences, Catania, Italy
3Emergency Hospital “Cannizzaro”, Spinal Unit, Catania, Italy
4University of Catania, Department “Specialità Medico-Chirurgiche", Catania, Italy
Introduction
Celiac disease (CD) may initially present as a neurological disorder or be associated with neurological
complications. In a previous study with Transcranial Magnetic Stimulation (TMS) in de novo CD
patients, an imbalance between excitatory and inhibitory synaptic excitability was observed,
suggesting a subclinical involvement of GABAergic and glutamatergic neurotransmission in
asymptomatic subjects [Pennisi, et al. PLoS One 2014;9(7):e102790]. After a median period of 16
months of gluten-free diet (GFD), a global increase of cortical excitability was reported, hypothesizing
a glutamate-mediated compensation for disease progression [Bella et al. PLoS One
2015;10(6):e0129218].
Objectives
To evaluate the long term changes of cortical excitability to TMS after a longer GFD.
Materials and Method
Ten patients (median age: 36 years; 6 F) on adequate gluten restriction for a median period of 4.3
years were enrolled and age-matched with 10 healthy controls (median age: 37.5 years; 7 F). Clinical,
cognitive and neuropsychiatric features were assessed, as well as cortical excitability by means of
single- and paired-pulse TMS from the first dorsal interosseous muscle of the dominant hand. TMS
measures consisted of: resting motor threshold; motor evoked potentials; central motor conduction
time; cortical silent period; intracortical inhibition and intracortical facilitation (ICF).
Results
Patients showed a statistically significant enhancement of ICF at interstimulus interval of 10 ms (1.40±
0.41 vs 0.78±0.36, p <0.01) and 15 ms (1.49± 0.39 vs 1.02±0.69, p <0.05) compared to controls. The
other TMS parameters, as well as clinical data were similar to those of controls. Neurological
examination and CD-related antibodies were normal.
Conclusion
Long-lasting adherence to the GFD may modulate the TMS profile towards a pattern globally similar to
that of normal subjects. In this new investigation, the length of the dietary regimen was able to induce
a recover to a great extent of the gluten-associated electrocortical dysfunction. The persistence of
hyperfacilitation may indicate a glutamate-mediated functional reorganization, probably triggered by
the immune system dysregulation in CD and related to phenomena of long-term plasticity.
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tDCS combined with optokinetic drift reduces egocentric neglect in severely impaired postacute patients
*N. Turgut1,2, M. Miranda3, A. Kastrup2, P. Eling4, H. Hildebrandt1,2
1University Oldenburg, Psychology, Oldenburg, Germany
2Klinikum Bremen-Ost, Neurology, Bremen, Germany
3Evangelisches Krankenhaus, Oldenburg, Germany
4Radboud University, Psychology, Nijmegen, Netherlands
Introduction and Objective
Visuospatial neglect is a disabling syndrome resulting in impaired activities of daily living and in longer
durations of inpatient rehabilitation. Short-term and effective interventions to remediate neglect are still
needed. The combination of tDCS with an optokinetic task might qualify as a treatment method.
Patients and Methods
Thirty-two post-acute patients were included with left (n=20) or right-sided neglect and allotted to an
intervention and a control group (both n=16). The intervention group received eight sessions of 1.5-2.0
mA parietal tDCS during the performance of an optokinetic task distributed over two weeks.
Additionally, they received standard therapy for five hours per day. The control group received only the
standard therapy. Patients were examined twice before (T1-T2) and twice after one week of treatment
(T3-T4).
Results
Compared to the control group and controlling for spontaneous remission, the intervention group
improved on spontaneous body orientation and the Clock Drawing test. Intragroup comparisons
showed broad improvements on egocentric and not on allocentric symptoms only for the intervention
group.
Conclusions
A short additional application of tDCS during an optokinetic task leads to improvements of severe
neglect compared to a standard neurological early rehabilitation treatment. Improvements seem to
concern primarily egocentric rather than allocentric neglect.
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The Modulation of Error Detection in Dystonia via TDCS
*J.- C. Chen1,2, J. Rothwell3, M. Edwards4
1China Medical University Hospital, Neurology, Taichung, Taiwan, Province of China
2China Medical University, School of Medicine, Taichung, Taiwan, Province of China
3Institute of Neurology, Sobel Departement, London, Great Britain
4St George College, London, Great Britain
Dystonia is a group of hyperkinetic movement disorders which the main character is involuntary
sustained muscle contraction results in twisting and repetitive movements or abnormal postures. In
addition to the abnormal movements, sensory impairment has been demonstrated to be major feature
in this disease (Ghika et al., 1993; Stamelou et al., 2012; Byl et al., 1996; Bara-Jimenez et al., 1998;
Elbert et al., 1998) . Also, an increasing amount of evidence implicates a relationship between
dystonia and the cerebellum (Rumbach et al., 1995; O'Rourke et al., 2006; Waln & LeDoux, 2010). We
have demonstrated that tDCS over the cerebellum is able to bidirectionally modulate the MMN, an
event related potential reflecting the automatic detection process in our brain. In this study, we further
measured the MMN from 10 cervical dystonia patients before and after cathodal tDCS in order to
investigate the role of the cerebellum in error prediction and dystonia. The result showed that there
was no modulation of MMN after cerebellar tDCS. This could reflect an abnormality in plasticity of the
cerebellum in dystonia patients. Therefore, we can suggest that the cerebellum might be an important
area in impaired prediction error in dystonia.
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Motor recovery of the affected hand in subacute stroke correlates with changes of
contralesional cortical hand motor representation
*J. Lüdemann-Podubecká1, K. Bösl1, D. A. Nowak1
1HELIOS Klinik Kipfenberg, Motoriklabor, Kipfenberg, Germany
Objective
To investigate the relationship between changes of cortical hand motor representation and motor
recovery of the affected hand in subacute stroke.
Methods
17 patients with motor impairment of the affected hand were enrolled in an in-patient neurological
rehabilitation program. Hand motor function tests (Wolf Motor Function Test, Action Research Arm
Test) and the neurophysiological evaluations (resting motor threshold, motor evoked potentials, motor
map area size, motor map area volume, motor map area location) were obtained from both hands and
hemispheres at baseline, and two, four and six weeks of in-patient neurological rehabilitation.
Results
There was a wide spectrum of hand motor impairment at baseline and hand motor recovery over time.
Hand motor function and recovery correlated significantly with (i) reduction of cortical excitability, (ii)
reduction in size and volume of cortical hand motor representation and (iii) a medial and anterior shift
of cortical hand motor representation within the contralesional hemisphere.
Conclusion
Recovery of motor function of the affected hand after stroke is accompanied by definite changes in
excitability, size, volume and location of hand motor representation over the contralesional primary
motor cortex. These measures may serve as surrogate markers for the outcome of hand motor
rehabilitation after stroke.
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Unexpected improvement of motor function in a stroke patient following an rTMS treatment for
auditory hallucinations: a case report
*F. Thomas1, N. Bouaziz1, J. Amengual2, A. Valéro-Cabré2,3,4,5, D. Januel1
1Etablissement Publique de Santé Ville-Evrard, Neuilly sur Marne, France
2Institut du cerveau et de la moelle épinière (ICM), Paris, France
3Université Pierre et Marie Curie, Paris, France
43Laboratory for Cerebral Dynamics Plasticity & Rehabilitation, Boston University School of Medicine,
Boston, France
5Cognitive Neuroscience and Information Technology Research Program, Open University of
Catalonia, Barcelona, Spain
Introduction
Auditory verbal hallucinations (AVHs) are perception-like experiences that occur without an external
stimulus. AVHs can occur following a stroke. Repetitive Transcranial Magnetic Stimulation (rTMS) is a
tool used to induce brain plasticity in local and remote areas of the brain that may be used for AVHs
treatment. Here, we report the case of a patient experiencing AVHs following a stroke treated with
rTMS applied to the left temporoparietal junction.
Objective
To treat AVHs in a post-stroke incomplete locked-in patient with rTMS.
Patient and Methods
Following a stroke event, an MRI revealed bilateral lesions in a 55-year-old male brain (large lesion
from the bulbo-pontine junction to the cerebral peduncles, and small lesions in the right cerebellar and
the left capsulo-thalamic regions). The patient developed an incomplete locked-in syndrome and he
experienced AVHs and delusional melancholia six years after the insult. An antipsychotic treatment
was not tolerated well and, consequently, an experimental treatment by rTMS was applied to this
patient to ameliorate these symptoms. To this purpose, an inhibitory 1-Hz rTMS protocol was delivered
twice per day, with an interval of 1 hour and an intensity of 100% of his resting Motor Threshold of the
left hemisphere. Each session lasted 20 minutes and delivered 1200 pulses. In total, 56 rTMS
sessions were administered. AVHs and mood were assessed using the Auditory Hallucinations Rating
Scale (AHRS), the Beck Depression Inventory (BDI) and the Hospital Anxiety and Depression scale
(HAD) before and during the treatment.
Results
After 26 sessions of the 1-Hz rTMS, the AHRS score was reduced from 29 to 0, indicating the absence
of AVHs. A reduction of BDI and HAD scores showed an improvement in mood. In addition, there was
an unexpected improvement of motor function in the contralateral hand to the stimulated region.
Conclusion
Repetitive TMS should be considered as a therapeutic option for AVHs following a stroke. Potential
associated motor improvement that stimulation could unfold provides additional value to the use of
rTMS such clinical scenario. Further investigations are underway to understand the brain plasticity
mechanisms underlying such unexpected motor improvement.
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rTMS therapy on M1 modifies the motor map in chronic neuropathic facial pain - a pilot study
*L. Säisänen1, J. Hyppönen1, E. Hallikainen-Pirskanen1, E. Kallioniemi1, J. Huttunen1, E. Mervaala1, M.
Fraunberg1
1University of Eastern Finland, Clinical medicine, Kuopio, Finland
Introduction
Repetitive TMS (rTMS) targeted to primary motor cortex (M1) has been proven effective in treating
pharmacoresistant chronic neuropathic pain. However, the mechanisms of action of rTMS are so far
unknown. Better efficacy has been shown when rTMS is targeted to adjacent cortical area [1], though
somatotopic targeting is also commonly used. Previously, smaller hand motor representation area of
the painful side has been shown in chronic pain [2].
Objectives
We hypothesized that the motor map plasticity would be changed after two 5-days rTMS treatment
sessions separated by 6 weeks. Therapy was targeted to the somatotopic facial M1 using
neuronavigated TMS.
Patients and Methods
Three patients with severe unilateral, chronic atypical facial pain were enrolled in the study. Highfrequency rTMS (10 Hz or 20 Hz, 2400 or 3600 pulses per session, 90% of the resting motor
threshold, rMT) was targeted to functional motor representation area of the mentalis muscle. Hotspots
and rMTs were determined for face and hand on both hemispheres. Silent period duration was
measured on the hand muscle. Mapping was performed at 105% of the rMT of the mentalis muscle to
determine the center-of-gravity (CoG) on the hemisphere contralateral to painful side. A grid with 5
mm spacing was used and two stimuli were applied per square.
Results
rTMS sessions did not significantly change the hand or face rMTs on either hemisphere. In all three
patients, the representation area of the mentalis muscle has expanded in anterior-posterior direction.
Correspondingly, the CoG of the mentalis muscle moved posteriorly (Figure). Silent period duration
was increased in the third patient showing the largest shift of the CoG. Patients 2 and 3 benefitted
from the treatment.
Conclusion
These preliminary results suggest that rTMS induces changes in the motor map plasticity measurable
4-11 days after last rTMS session. Plastic changes may be related to normalized corticospinal
inhibition.
References
[1] Lefaucheur JP et al. Neurology 67 (2006);1998-2004.
[2] Krause et al. Clin Neurophysiol 117 (2006) 169-176.
Figure 1: The CoG of the mentalis muscle before (yellow dot) and after (red dot) rTMS treatment.
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Newly developed activity dependent transcutaneous spinal cord stimulation for patients with
stroke
*T. Fujiwara1, Y. Hori2, T. Yamaguchi3, J. Ushiba4, Y. Masakado1
1Tokai University School of Medicine, Rehabilitation Medicine, Isehara, Japan
2Tokai University Hospital, Rehabilitation Medicine, Isehara, Japan
3Keio University, Rehabilitation Medicine, Tokyo, Japan
4Keio University, Biosciences and Informatics, Yokohama, Japan
Background
The movement of locomotion consists of spinal reflexes (e.g. monosynaptic reflex, reciprocal
inhibition, flexor reflex and crossed extensor reflex). The transcutaneous lower thoracic spinal afferent
stimulation evoked posterior loot muscle reflexes, bilateral monosynaptic reflexes in quadriceps,
hamstrings, tibialis anterior, and sural muscle. Recent study showed that spinal stimulation can
generate stereotyped locomotion like movement in both animals and humans.
Objectives
We developed new activity dependent transcutaneous spinal stimulation system (FAST walk). We
studied the effect of FAST walk on gait function in patients with chronic hemipaertic stroke.
Methods
Participants were 5 patients of hemiparetic stroke. All participants can walk on the treadmill with no
assistance. Two sessions of 15 minutes treadmill gait with FAST walk was applied 10 days. Before
and after the gait training with FAST walk, we assessed 10-m walk time, spatial and temporal
symmetry of gait and reciprocal inhibition. Reciprocal inhibition was assessed with soleus H reflex
condition-test paradigm. FAST walk system consists of activity dependent transcutaneous spinal cord
stimulation (tSCS) and closed loop EMG triggered hip neuromuscular stimulation (HS). In the tSCS,
stimulus intensity was set at two-holds of sensory threthhold. Stimulation was applied through the two
electrodes, attached Th11-12 spinal process and abdomen. The stimulation of tSCS was applied at
100Hz triggered by the unaffected soleus EMG activity. Trigger line was set at the two peak activity of
unaffected soleus EMG activity at push-off phase and initial stance phase during gait cycle.
Results
We found significant improvement of 10-m walk time and, spatial and temporal symmetry of gait after
10 days gait training with FAST walk. We also found significant change of reciprocal
inhibition.Conclusion: our newly developed activity dependent transcutaneous spinal stimulation
system (FAST walk) induced plastic change in spinal locomotor circuit and improved gait function in
patients with chronic hemiparetic stroke.
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The effects of cathodal transcranial direct current stimulation in patienst with focal epilepsy (a
pilot study)`
*M. Zoghi1, M. Cook1, T. O'Brien1, P. Kwan1, S. Jaberzadeh1, M. Galea1
1The University of Melbourne, Medicine, Melbourne, Australia
Introduction
Over 65 million people live with epilepsy worldwide. Unfortunately, seizures can not be adequately
controlled in a third of the affected individuals. Therefore, there is a deﬁnite need for adjunctive or
alternative therapeutic approaches in this group of patients to control the recurrence of seizure
attacks. Modulation of dysfunctional electrical brain activity by transcranial direct current stimulation
(tDCS) seems to be a potentially valuable non-invasive alternative for epilepsy treatment in this
population.
Objectives
This pilot study aimed to assess the effects of a novel protocol called within-session repeated c-tDCS
(9 min treatment - 20min rest - 9min treatment) on patients with focal epilepsy.
Method
We conducted a small pilot study in patients admitted to the Video-EEG Monitoring Unit at the Royal
Melbourne Hospital and as out patients at this hospital or St Vincent Hospital. Thirty patients have
participated in this study to date. Twenty patients with focal epilepsy received one session of c-tDCS
(9-20-9 protocol) over the temporal lobe in the affected hemisphere. One participant received c-tDCS
on two consecutive days. The other nine patients received one session of sham tDCS with the same
electrode montage and protocol. Short interval intracortical inhibition or SICI was measured with
paired-pulse transcranial magnetic stimulation (TMS) before and after the tDCS intervention in 18
participants. Motor evoked potentials were recorded from first dorsal interosseous muscle in these
participants.
Participants were asked to record the time and the number of their seizures post tDCS treatment for 4
weeks in a seizure diary. Twenty-four participants returned their diaries.
Results
All patients tolerated the c-tDCS protocol very well. One-way ANOVA showed that SICI was increased
significantly in the experimental group compared to the sham group (F = 10.3, p = 0.005) (Figure 1).
The mean response ratio was -48.4 (SD = 54) for the experimental group vs. -8.3 (SD = 16.7) for
sham group.
Conclusion
This pilot study is still in progress. Based on the achieved results so far, it can be concluded that ctDCS can be a promising non-invasive technique that can be used to control seizure attacks.
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Electrophysiological examination combined with functional intraoperative navigation using
TMS of the motor cortex in patients with brain tumors in the vicinity of the central region
*K. Köhlert1, K. Jähne1
1Universitätsklinikum Leipzig, Neurochirurgie, Leipzig, Germany
Question
Surgery in the area of the motor cortex demands a combination of different neurological and image
based examinations to improve outcome of the patients. Some examinations like intraoperative
monitoring (IOM) with sensory evoked potentials (SEP) are established standard procedures. The
question of our study is if the combination with presurgical transcranial magnetic brain stimulation
(TMS) and its use combined with intraoperative navigation may improve the safety of the surgical
procedure and neurological outcome.
Obejctive and Methods
A prospective study including preoperative neurological and electrophysiological examination with
SEP and TMS (MagPro R30, 230 V) was conducted. During surgery the TMS data combined with
Neuronavigation LOCALITE were correlated with the intraoperative monitoring (IOM). Between 24h96h after the operation and after 3 months a neurological, electrophysiological examination and an
additional TMS stimulation were performed.
Results
A total of 17 patients, with tumors nearby or in the motor cortex were included in the study. 9 patients
completed either the whole study or were included in the pre- and the first postoperative examination.
During the IOM including SEP, 5 out of 9 patients showed stable results, 3 showed persistent
alterations, 1 showed a temporary change. 6 patients (66%), with the stable results and the temporary
change, did not show a new neurological deficit. A preserved continuity of intraoperative SEP`s leads
to an improvement of the postoperative clinical outcome. The intraoperative SEP, as a valid method,
matched 100 % with the postoperative outcome. The TMS data included in the intraoperative
navigation correlated exactly with the intraoperative electrophysiological examination. A
correspondence between the intraoperative findings, postoperative electrophysiological and
neurological examination was found.
Conclusion
In summary the TMS as a nonvasive method provides data for constant representability of the motor
cortex during surgery. In addition, with the intraoperative SEP’s, it contributes to a reduced surgical
scope and finally an enhanced clinical outcome.
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Transcranial direct current stimulation (tDCS) for the treatment of depression during
pregnancy: A pilot study.
*U. Palm1, B. Kirsch1, B. Leitner1, D. Popovic1, F. Padberg1
1Ludwig-Maximilian University, Dept. of Psychiatry, München, Germany
Question
tDCS has shown favorable results as an add-on to pharmacologic treatment for depressive disorders
[1]. The technique is deemed safe when correctly applied [2]. Due to the lack of systemic reactions, it
has been proposed for treatment of depression during pregnancy and pilot studies have been initiated
in Canada [3] and at the Ludwig-Maximilian University of Munich. Here we report the first and
preliminary results in three patients of this open-label pilot study.
Methods
Ten drug-free female patients (18-45 years) with major depressive disorder during pregnancy (later
than 10th gestational week) will be included in this pilot study. Patients will be treated with twice-daily
tDCS (2 mA, 30 min, anode: F3, cathode: F4) over ten days during inpatient stay and with once-daily
tDCS over 10 days during an optional outpatient stay. Clinical (HAMD-21, BDI) and
neuropsychological ratings (Trail Making Test A/B) are performed at baseline, after two and four
weeks as well as an obstetric examination.
Results
Three right-handed females (23, 28, and 32 years, 19.-31. gestational week) were treated so far, two
of them completed in- and outpatient phases. tDCSwas well tolerated and no adverse effects
occurred.
Clinical ratings:
Mean baseline HAMD-21 was 24.7 ± 10.6 and sank to 15.7 ± 3.7 in week2 (p = 0.17; paired t-test, 2tailed), and to 7.0 ± 7.1 in week 4 (p = 0.41). Mean baseline BDI was 35.3 ± 12.5 and declined to 12.0
± 1.73 in week 2 (p = 0.10), and to 11.0 ± 2.8 in week 4 (p = 0.34).
Neuropsychological ratings:
Mean baseline TMT-A was 25.0 ± 6.4 and changed to 23.3 ± 9.7 in week 2 (p = 1.00), and to 18.5 ±
4.9 in week 4 (p = 0.20). Mean baseline TMT-B was 81.0 ± 56.9 and sank to 69.3 ± 42.4 in week 2 (p
= 0.38), and to 40.5 ± 12.0 in week 4 (p =0.53).
Conclusions
No statistically significant changes could be observed yet. One patient achieved remission.
References
[1] Brunoni AR, Moffa AH, Fregni F, et al. Transcranial direct current stimulation for the acute major
depressive episode: a meta-analysis of individual patient data. Br J Psychiatry. 2016, in press.
[2] Palm U, Hasan A, Strube W, Padberg F. tDCS for the treatment of depression: A comprehensive
review. Eur Arch Psychiatry Clin Neurosci. 2016, in press.
[3] Vigod S, Dennis CL, Daskalakis Z, et al. Transcranial direct current stimulation (tDCS) for treatment
of major depression during pregnancy: study protocol for a pilot randomized controlled trial. Trials.
2014;15:366.
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Local entrainment and distribution across cerebral networks of natural oscillations elicited in
implanted epilepsy patients by intracranial stimulation: paving the way to develop causal
connectomics of the healthy human brain
*J. Amengual1, T. Moreau1, C. Stengel1, C. Adam1, A. Valero-Cabré1
1Institut du Cervau et de la Moelle Épinière, Paris, France
Introduction
The frequency of local oscillations and inter-regional synchrony has been correlated with the
engagement of cognitive operations. Notwithstanding, adding causality to these associations requires
the direct manipulation of brain rhythms Noninvasive stimulation with single pulses of TMS coupled to
scalp-EEG recordings has provided evidence of local increases in power at specific frequency bands,
likely to reflecting the local “natural” frequencies as defined by Rosanova et al. 2009. Mapping of these
phenomena across human brain areas is paramount for understanding the neural coding mechanisms
involved in information transfer and to further develop the use of exploratory and therapeutic
neuromodulation.
Objectives
Mapping the human anatomical and physiological causal features of spreading natural oscillations
across brain regions by co-localizing an atlas of structural connectivity with a map of functional
interactions based on the distribution of rhythmic activity enabled by intracortical stimulation.
Methods
We analyzed intracranial EEG signals from 8 epilepsy patients implanted with depth multielectrodes in
frontal, prefrontal, parietal and temporal areas, the amygdala and the hippocampus. We analyzed in
the frequency-domain oscillatory activity elicited by single electrical pulses delivered through pairs of
adjacent contacts, as recorded by the remaining contacts, and modeled a map of effective
connectivity. Individual anatomical maps of white matter fasciculi were tracked individually and colocalized with the former.
Results
Single electrical pulses induced frequency-specific modulations of power in contacts not employed to
deliver the pulses. Oscillatory enhancements were influenced by both the local anatomical
environment and the estimated probability of white matter connections between stimulated and
recorded sites.
Conclusions
Our results support the feasibility of studying functional connectivity patterns by analyzing the local
induction and network spread of natural oscillation frequencies, enabled by single pulses of
intracranial stimulation and to co-register them with white matter connectivity maps. This approach
might contribute to the compilation whole-brain connectivity atlases able to categorize oscillation
frequency to behavioral relationships throughout brain regions and their connections in humans.
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Ipsilesional and Contralesional Cortical Silent Period in Pediatric Stroke: Preliminary Reports
*M. C. Lixandrao1,2, T. Rich1, C.- Y. Chen1, B. Gillick1, J. Stinear3, T. Feyma4
1University of Minnesota, Medical School - Program in Physical Therapy, Minneapolis, United States
2University of Sao Carlos, Physical Therapy Department, Sao Carlos, SP - Brazil, United States
3The University of Auckland, New Zealand
4Gillette Children's Specialty Healthcare, United States
Question
The cortical silent period (CSP) is a transient supression of electromyographic (EMG) activity in a preactivated muscle after a transcranial magnetic stimulation (TMS) pulse. CSP duration reflects
intracortical inhibitory mechanisms. Prolonged lesional and shortened non-lesional CSP durations
have been associated with poor functional recovery after adult stroke. However, there are few reports
regarding CSP duration in children. Our aims is to characterize ipsilesional and contralesional CSP
duration in pediatric stroke.
Methods
Eight children with congenital hemiparesis due to stroke (4 male, age= 11.75±3.26 years) participated.
Surface bipolar electrodes were placed over the affected and non-affected first dorsal interosseous
(FDI) muscles. TMS single-pulses were delivered using a Magstin 200 stimulator connected to a 70mm figure of eight coil over the primary motor cortex, bilaterally. Resting motor threshold (RMT) was
determined for the FDI. CSP was assessed at 120% RMT during 20% of FDI maximal voluntary
contraction.
Results
Three children presented without an ipsilesional MEP. Ipsilesional RMT average was 64.8% of
maximum stimulator output (MSO) (SD=9.3; range=53-75) and 56.7% of MSO (SD=11.6; range=3871) for the contralesional hemisphere. Ipsilesional CSP duration was analyzable in one child,
x̅=170.5ms (SD=11.4; range=155.5-196.1) and contralesional CSP duration was found in all 8
children, x̅= 118.0ms (SD=47.3; range=62.8-174.9) (Figure 1).
Conclusion
Absence of ipsilesional MEPs has been reported in pediatric hemiparesis and could reflect a persistent
or enlarged ipsilateral corticospinal tract projections after stroke. Ipsilesional CSP data was largely
unanalyzable (no noticeable CSP) with challenges surrounding the ability of the children to sustain
paretic FDI contraction, poor motor control (Figure 2A) and hand spasticity (Figure 2B). Reports in
typically developing children present with shorter CSP duration (25.5-53.8ms) than adults (150300ms). Our results are similar to previous study with pediatric hemiparesis which showed longer CSP
duration in ipsilesional and contralesional hemisphere (Mackey et al., 2014). Longer CSP duration
could be related to increased activity of inhibitory interneurons in the motor cortex after a perinatal
stroke.
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Epigenetic regulation of brain-derived neurotrophic factor (Bdnf) expression mediates the
effects of anodal transcranial direct current stimulation (tDCS) on hippocampal synaptic
plasticity and memory in mice
M. V. Podda1, S. Cocco1, A. Mastrodonato1, S. Fusco1, L. Leone1, S. A. Barbati1, C. Colussi2, G.
Livrizzi1, C. Ripoli1, *C. Grassi1
1Università Cattolica, Institute of Human Physiology, Rome, Italy
2CNR, IBCN, Rome, Italy
Question
Understanding the cellular and molecular mechanisms underlying tDCS action is critical for a rationale
use of this technique in clinical settings. Here we investigated the effects of tDCS on hippocampal
synaptic plasticity and memory focusing on epigenetic mechanisms affecting the expression of
plasticity-related genes.
Methods
Electrophysiological, behavioral and molecular indices of hippocampal plasticity were investigated
following 20-min anodal tDCS delivered to awake mice.
Results
Hippocampal slices from tDCS-mice showed greater long-term potentiation (LTP) at CA3-CA1
synapses compared to sham-stimulated controls. Enhanced LTP was associated with improved
hippocampal-dependent learning and memory assessed by the Morris water maze and novel object
recognition tests. Remarkably, all these effects persisted 1 week after tDCS. Real-time PCR, Western
Blotting and chromatin immunoprecipitation experiments revealed that tDCS effects were due to an
intracellular signaling cascade including: i) increased phosphorylation of cAMP response elementbinding protein (CREB); ii) enhanced CREB binding to the Bdnf promoter I; and, iii) recruitment of the
histone acetyltransferase CBP (CREB-binding protein) leading to enhanced histone 3 acetylation on
Bdnf promoter I. As a consequence, the expression of Bdnf exons I and IX mRNAs was increased in
the hippocampi of tDCS mice along with Bdnf protein levels. Accordingly, molecular,
electrophysiological and behavioral effects of tDCS were prevented by mice treatment with either the
acetylation inhibitor, curcumin, or the Bdnf receptor TrkB antagonist, ANA-12. Remarkably, we found
that tDCS enhanced glycogen synthase kinase-3β (GSK-3β) phosphorylation at Ser9 that was
prevented by ANA-12, thus suggesting that GSK-3β inhibition plays a role in the tDCS-induced
increase of hippocampal plasticity.
Conclusion
Our findings show that anodal tDCS increases hippocampal LTP and memory via chromatin
remodeling of Bdnf regulatory sequences leading to increased expression of this gene. These results
lend support to the use of tDCS for prevention and treatment of brain diseases associated with
impaired neuroplasticity.
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P021
Differential Clinical and Neurophysiological Outcomes after Premotor rTMS in Parkinson’s
Disease
*M. Biagioni1, A. Son1, S. Agarwal1, R. Gilbert1, A. Quartarone1, A. DiRocco1
1Fresco Institute at NYU Langone Medical Center, Neurology, New York City, United States
Question
Weekly sessions of low frequency (LF) repetitive transcranial magnetic stimulation (rTMS) over
supplementary motor area (SMA) have shown motor improvement as add-on therapy for Parkinson’s
disease (PD). We conducted an active-controlled study to explore potential additive effects of rTMS
over both SMA and dorsal premotor area (PMd) compared to SMA alone and potential
neurophysiological (NPh) correlates.
Methods
PD patients with Hoehn & Yahr scores 2-3 participated in a parallel double-blind randomized study of
four weekly sessions of LF rTMS. Intervention arms were rTMS over SMA (SMA-alone) and rTMS
over both PMd and SMA (PMd+SMA). Clinical outcomes were Unified Parkinson’s Disease Rating
Scale-III (UPDRS-III) score; axial, tremor, rigidity, and bradykinesia sub-scores. NPh outcomes were
motor evoked potentials, cortical silent period (SP), short interval intra-cortical inhibition and intracortical facilitation. Outcomes were analyzed at baseline and 4-weeks post-treatment completion.
Results
Baseline demographics in Table 1; 14 patients completed all study visits. UPDRS-III improved in both
arms, SMA-alone (19.8%, p<0.05) and PMd+SMA (21.0%, p<0.05). SMA-alone significantly
decreased bradykinesia sub-scores (BrS) (z=-2.21, p<0.05) while PMd+SMA decreased both BrS (z=2.0, p<0.05) and axial sub-scores (AxS) (z=-2.4, p<0.05). NPh outcomes revealed significant increase
of SP in PMd+SMA vs. SMA-alone (U=7.0, p<0.05). Also, the change in SP showed mod-high
correlation with the change in AxS when participants were pooled together (r=-0.60, p<0.05; Figure 1).
Other NPh outcomes were not significant.
Conclusions
We confirmed weekly LF premotor rTMS can improve motor scores and BrS. AxS improvement seen
in the PMd+SMA arm may indicate therapeutic selectivity. As such, the correlation between SP and
AxS suggests prolonging SP correlates with improved posture, balance and gait (axial symptoms). As
PD patients have shortened SP, this correlation could reflect adequate restorative intra-cortical
modulation.
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Table 1: Baseline demographics. SMA, supplementary motor area; PMd, dorsal premotor area;
UPDRS, Unified Parkinson’s Disease Rating Scale

Figure 1: Correlation between silent period and axial subset scores. SMA, supplementary motor area;
PMd, dorsal premotor area
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Evidence that functionalized ferromagnetic microparticles with CD133 antigen decreases
glioblastoma multiforme growth in vivo and in vitro by magnetic field induced hyperthermia.
*J.- R. Garcia-Montes1, P.- F. Porceddu2, R. Drucker-Colín3, R. Moratalla1, R. Martinez-Murillo1
1Instituto Cajal, Neurobiologia de los ganglios basales, Madrid, Spain
2University of Cagliari, Neuropharmacology, Cagliari, Italy
3Instituto de Fisiología Celular U.N.A.M, Neuropatología Molecular, Mexico, Mexico
Glioblastoma multiforme (Gb) is considered the most frequent brain tumor. The Gb represents 12-15%
of all intracranial tumors and 50- 60% of all astrocytic tumors. The poor survival of patients (3-5% in 5
years) along with the marginal improvement produced by drugs, and the recurrence after surgery
treatment, indicates that Gb is the most aggressive of the gliomas. Hyperthermia has been
successfully applied since late 50´s in many animal models to induce the catabolism of many tumor.
The challenge of this work is to show that hyperthermia helps reducing intracranial brain malignant
astrocytoma in a reliable mouse model with immunity preserved, as well as to test the safety of the
intervention. First, we showed in vitro that ferro-magnetic microparticles (MP) exposed to 200kA m-1
magnetic strength for 1 hour increased temperature. To see if our “in vitro” results could be replicated
“in vivo” we grafted 20,000 CT-2A tumoral cells in the striatum of C57 mice. We divided the grafted
mice (36) in four groups, as follows: 1st, grafted group only (Gb), 2nd grafted group exposed to MFss
(Gb+ELFMFS), 3rd grafted group injected with MP (Gb+MP) and 4th grafted group injected with MP
and exposed to MFs (Gb+MP+ELFMFS). MP were injected intrastriatally four days after the graft, with
4µl of ferromagnetic MP at the same coordinates used to graft tumoral cells. The selected groups
were exposed to the MF 200kA m -1 for two hours daily during 7 days while the control groups were
exposed to the equipment in off. Mice were sacrificed 1 hr. after the magnetic stimulation to study their
brains. Further, striatal sections were evaluated for proliferation and astrocyte activation by using Ki67,
Iba1 and GFAP markers. We found that TMS reduces microglia 3.5% in the Gb+TMS group and 7.5%
in the Gb+MP+TMS group when compared with the Gb group. Microglia increased (7.3%) after
intrastriatal administration of MP. We then studied the growth of tumor with Ki67 and observed a 55%
reduction of tumor area in mice exposed to TMS versus the control group. In agreement with these
results, 30% of mice injected with MP and exposed to MF survived to Gb graft at 21 days. In summary,
our study shows the effectiveness of TMS against intracranial neoplasms possibly due to the rise in
the temperature of MP after TMS and opens the possibility for further studies in tumor cells.
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Motor cortical reorganization and clinical outcomes after stroke: a longitudinal TMS/EEG
evaluation
*M. C. Pellicciari1,2, S. Bonnì1, M. C. Alex1, P. Viviana1, C. Elias1, G. Koch1,3
1Santa Lucia Foundation, Rome, Non-invasive Brain Stimulation Unit, roma, Italy
2IRCCS San Giovanni di Dio Fatebenefratelli, Cognitive Neuroscience Section, Brescia, Italy
3Policlinic Tor Vergata, Stroke Unit, Department of Neuroscience, Rome, Italy
Introduction
Since early days after stroke, the brain undergoes a complex reorganization to allow compensatory
mechanisms that promote functional recovery. Characterizing specific neurophysiological markers of
motor recovery after stroke could improve clinical decision making. Objectives: To track the timecourse of motor cortical reorganization in a stroke patients group, and to individuate the
neurophysiological markers associated to clinical outcome.
Patients & Methods
Ten patients in the sub-acute phase of ischemic subcortical stroke were evaluated within 20 days and
after 40, 60 and 180 days after stroke. For each time-point, cortical reactivity and cortical oscillations
changes, evoked by 80 single TMS pulses, were assessed over the motor cortex of the affected and
unaffected hemisphere, combining TMS-EEG. These measurements were paralleled with motor and
clinical evaluations. Repeated measures ANOVA and Friedman test were used to evaluate changes
over time of all measures.
Results
Our data showed specific cortical oscillatory activity changes in the alpha band, in a specific time point
of the longitudinal evaluation only in the affected hemisphere. Stroke patients showed a significant
increase in TMS-evoked alpha oscillations, as highlighted by spectral perturbation analysis. Notably,
these changes occurred at 60 days after stroke, indicating that crucial mechanisms of cortical
reorganization occur in this short-time window. Moreover, a cortical reactivity increase was observed
at 40 days after stroke onset in affected hemisphere respect to other times and respect to unaffected
hemisphere. These changes coincided with the clinical and behavioural amelioration.
Conclusion
For the first time, this study demonstrates the possibility to track longitudinally the motor cortical
changes following stroke, by means a multimodal approach. These findings could allow, not only to
identify neurophysiological markers of stroke pathophysiology, but also to provide new insight into how
and when neuromodulatory interventions could drive neuroplasticity in a functional direction.
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Hemispheric language dominance measured by rTMS and postoperative course of language
function in brain tumor patients
*S. Ille1,2, N. Kulchytska3, N. Sollmann1,2, R. Wittig1,2, E. Beurskens1,2, V. M. Butenschoen1,2, F.
Ringel1, P. Vajkoczy3, B. Meyer1, T. Picht3, S. M. Krieg1,2
1Department of Neurosurgery, Klinikum rechts der Isar, Technische Universität München, Munich,
Germany
2TUM Neuroimaging Center, Klinikum rechts der Isar, Technische Universität München, Munich,
Germany
3Department of Neurosurgery, Charité-Universitätsmedizin Berlin, Berlin, Germany
Introduction
The resection of left-sided perisylvian brain lesions harbors the risk of postoperative aphasia. Because
it is known that language function can shift between hemispheres in brain tumor patients, the
preoperative knowledge of the patient’s language dominance could be helpful.
Objective
To investigate the correlation of hemispheric language dominance as measured by repetitive
navigated transcranial magnetic stimulation (rTMS) and surgery-related deficits of language function.
Patients & Methods
We pooled the bicentric language mapping data of 80 patients undergoing the resection of left-sided
perisylvian brain lesions in our two university neurosurgical departments. We calculated error rates
(ERs; ER = errors per stimulations) for both hemispheres and defined the hemispheric dominance
ratio (HDR) as the quotient of the left- and right-sided ER (HDR > 1 = left dominant; HDR < 1 = right
dominant). The course of the patient’s language function was evaluated and correlated with the
preoperative HDR.
Result
Only three of 80 patients (4%) presented with permanent surgery-related aphasia and 24 patients
(30%) with transient surgery-related aphasia. The mean HDR (± standard deviation) of patients with
new aphasia after five days was significantly higher (1.68 ± 1.07) than the HDR of patients with no
new language deficit (1.37 ± 1.08) (p=0.0482). With a predefined cut-off value of 0.5 for HDR, we
achieved a sensitivity for predicting new aphasia of 100%.
Conclusion
A higher preoperative HDR significantly correlates with an increased risk for transient aphasia.
Moreover, the intensive preoperative workup in this study led to a considerably low rate of permanent
aphasia.
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P025
Resection of highly language-eloquent brain lesions purely based on rTMS language mapping
without awake surgery
*S. Ille1,2, N. Sollmann1,2, V. M. Butenschoen1,2, B. Meyer1, F. Ringel1, S. M. Krieg1,2
1Department of Neurosurgery, Klinikum rechts der Isar, Technische Universität München, Munich,
Germany
2TUM Neuroimaging Center, Klinikum rechts der Isar, Technische Universität München, Munich,
Germany
Introduction
The resection of left-sided perisylvian brain lesions harbors the risk of postoperative language
impairment. Therefore the individual patient’s language distribution is investigated by intraoperative
direct cortical stimulation (DCS) during awake surgery. Yet, not all patients qualify for awake surgery.
Non-invasive language mapping by repetitive navigated transcranial magnetic stimulation (rTMS) has
frequently shown a high correlation in comparison with the results of DCS language mapping in terms
of language-negative brain regions.
Objective
To analyze the oncological and functional outcome of patients who underwent left-sided perisylvian
resection of brain lesions purely based on rTMS language mapping.
Patients & Methods
Four patients with left-sided perisylvian brain lesions (2 gliomas WHO III, 1 glioblastoma, 1 cavernous
angioma) underwent rTMS language mapping prior to surgery. Data from rTMS language mapping
and rTMS-based diffusion tensor imaging fiber tracking (DTI-FT) were transferred to the intraoperative
neuronavigation system. Preoperatively, 5 days after surgery (=POD5), and 3 months after surgery
(=POM3) clinical follow-up examinations were performed.
Results
No patient suffered from a new surgery-related aphasia at POM3. Three patients underwent complete
resection immediately, while one patient required a second rTMS-based resection some days later to
achieve the final, complete resection.
Conclusion
The present study shows for the first time the feasibility of successfully resecting language-eloquent
brain lesions purely based on the results of negative language maps provided by rTMS language
mapping and rTMS-based DTI-FT. In very select cases this technique can provide a rescue strategy
with an optimal functional and oncological outcome when awake surgery is not feasible.
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Impaired cerebellum to motor cortex associative plasticity in spinocerebellar ataxia
*M.- K. Lu1, C.- M. Chen2, J.- R. Duann3, J.- C. Chen1, C.- H. Tsai1
1China Medical University Hospital, Neurology, Taichung, Taiwan, Province of China
2China Medical University Hospital, Radiology, Taichung, Taiwan, Province of China
3China Medical University, School of Medicine, Taichung, Taiwan, Province of China
Introduction
The previous evidence has showed that bidirectional spike-timing dependent plasticity (STDP)-like
plasticity in primary motor cortex (M1) can be mediated by associative stimulation of the cerebellodentato-thalamo-cortical (CDTC) pathway and M1 in young healthy adults. The pattern of such
plasticity has never been studied in patients with cerebellar degeneration.
Objectives
To compare the corticocortical paired associative stimulation (PAS)-induced STDP-like plasticity
between healthy subjects and patients with hereditary spinocerebellar ataxia (SCA).
Patients & Methods
Seven gene-confirmed patients with SCA (5 with type 3, 2 with type 2) and nine healthy subjects were
studied. One hundred and twenty pairs of transcranial magnetic stimulation (TMS) of the left M1
preceded by right lateral cerebellum (CB) TMS at an interstimulus interval of 2 ms (CB→M1 PAS 2ms)
or 6 ms (CB→M1 PAS6ms) were applied. M1 excitability was assessed by motor-evoked potential
(MEP) amplitude, short-interval intracortical inhibition (SICI), intracortical facilitation (ICF) and
cerebellar inhibition (CBI) in the first dorsal interosseous muscle of the right hand before and after
CB→M1 PAS.
Results
In the healthy subjects, a significant MEP potentiation was found after the CB→M1 PAS 2ms protocol. In
contrast, CB→M1 PAS6ms resulted in suppression of the MEP amplitude. This phenomenon was not
observed in the patients with SCA. SICI, ICF and CBI did not show any significant change in both
groups.
Conclusion
The current findings suggest that CB→M1 PAS-induced bidirectional STDP-like plasticity in M1 is
significantly impaired in patients with SCA. The interpretation would be functional perturbation within
the CDTC circuit in the patients with SCA.
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Comparing 10Hz tACS and cathodal tDCS over right parietal cortex in their ability to affect
pseudoneglect
*D. Veniero1, C. S. Y. Benwell1, M. M. Ahrens1,2, G. Thut1
1University of Glasgow, Institute of Neuroscience and Psychology, Glasgow, Great Britain
2School of Psychology, University of Glasgow, Glasgow, Great Britain
Question
Transcranial electrical stimulation is under investigation as an experimental and clinical interventional
technique in both healthy participants and patients. While the technique is promising in many regards,
important limitations have been identified, including weak effects as well as high inter- and intraindividual variability, hence the effort of many studies to enhance its effectivity. Here, we directly
compared two “inhibitory” tES techniques with supposedly different mechanisms of action as to their
effectivity of intervention into a cognitive task.
Methods
Nineteen healthy participants underwent transcranial alternating current stimulation at alpha frequency
(10Hz-tACS) shown to entrain the “inhibitory” alpha oscillation or cathodal transcranial direct current
stimulation (c-tDCS) known to supress neuronal spiking activity, as well as a tES control (sham). tES
was applied for 10min with a right parietal stimulation - left frontal return montage (electrode sizes:
3x3cm - 7x5cm), while participants were performing a perceptual line bisection (landmark) task. The
tES protocols were compared as to their ability to interfere with left pseudoneglect in healthy
participant, the latter thought to be under control of the right hemisphere. Results: The results revealed
that only right parietal 10Hz-tACS led to the expected changes in spatial attention bias, namely a
rightward shift in line bisection (as compares to sham). No effects of right parietal c-tDCS were
observed. While the rightward attention shifts by 10Hz-tACS were observed in the majority of
participants (n=14), the mean amplitude of this shift was small (as compared to the range of spatial
attention biases in the healthy population), speaking for weak, albeit significant changes.
Conclusions
Our study suggests that more direct comparisons across protocols are needed in an attempt to
improve tES techniques.
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Effects of Dual-mode Non-invasive Brain Stimulation on Freezing of Gait in Patients with
Parkinson’s Disease
*W. H. Chang1, E. Park1, J.- W. Cho2, J.- Y. Youn2, S.- W. Kim1, Y. K. Kim3, A. Lee4, Y.- H. Kim1,4,3
1Samsung Medical Center, Sungkyunkwan University School of Medicine, Department of Physical and
Rehabilitation Medicine, Seoul, South Korea
2Samsung Medical Center, Sungkyunkwan University School of Medicine, Department of Neurology,
Seoul, South Korea
3Sungkyunkwan University School of Cognitive Science, Seoul, South Korea
4SAIHST, Sungkyunkwan University, Department of Health Science and Technology, Department of
Medical Device Management & Research, Seoul, South Korea
Purpose
Our previous study demonstrated the favorable effect of repetitive transcranial magnetic stimulation
(rTMS) over both the dominant primary motor cortex of lower leg (M1-LL) and the left dorsolateral
prefrontal cortex (DLPFC). The aim of this study was to investigate the effects of dual-mode noninvasive brain stimulation (NBS) on FOG using both rTMS and tDCS in patients with PD.
Methods
This study was a randomized controlled double-blind study comparing the effect of single vs. dualmode stimulation. Thirty-two patients with PD that featured FOG were included and divided into two
groups. For the dual-mode stimulation, 10 Hz rTMS over the dominant M1-LL and the anodal tDCS
over the left DLPFC were simultaneously applied for 20 mins per session, 5 sessions in a week. For
the single stimulation, rTMS were applied at the same manner. Behavioral, neurophysiologic and
cognitive outcomes were measured before, after, and 1 week after the intervention by the Timed Up
and Go (TUG) test, Standing Start 180° Turn (SS-180° Turn Step/Time) test, Unified Parkinson’s
Disease Rating Scale (UPDRS) part III, FOG Questionnaire (FOG-Q), motor evoked potential, Korean
version of Montreal Cognitive Assessment (K-MOCA), Digit span-Forward/Back and Trail Making-A/B.
Results
There were significant improvements in TUG, SS-180° Turn Step, UPDRS part III and FOG-Q in both
the dual-mode and the single stimulation group (p<0.05). The dual-mode stimulation also resulted in
significant improvements in SS-180° Turn Time (p=0.008), K-MOCA (p=0.004), Digit span-Forward
(p=0.015) and Trail making-B test (p=0.010), whereas single stimulation did not. Furthermore,
improvement of Trail making-B test was significantly greater after the dual-mode stimulation than the
single stimulation (p=0.024).
Conclusion
The dual-mode stimulation using the 10 Hz rTMS over the dominant M1-LL and the anodal tDCS over
the left DLPFC was more effective than single stimulation for improving FOG in combination with
cognitive improvement in patients with PD.(supported by a Samsung Medical Center grant
[#CRO112051], the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIP) (NRF-2014R1A2A1A01005128)).
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Effects of Bilateral Repetitive Transcranial Magnetic Stimulation on Post-stroke Dysphagia
*Y.- H. Kim 1,2,3, E. Park1, M. S. Kim4, W. H. Chang1, S. M. Oh1, Y. K. Kim3, A. Lee2
1Samsung Medical Center, Sungkyunkwan University School of Medicine, Department of Physical and
Rehabilitation Medicine, Seoul, South Korea
2SAIHST, Sungkyunkwan University, Department of Health Science and Technology, Department of
Medical Device Management & Research, Seoul, South Korea
3Sungkyunkwan University School of Cognitive Science, Seoul, South Korea
4Wonkwang University, College of Medicine, Department of Rehabilitation Medicine, Iksan, South
Korea
Objective
The aim of this study is to investigate the effects of high-frequency rTMS over bilateral mylohyoid
motor cortices on dysphagia during subacute stroke.
Methods
This study was a single-blind, randomized controlled study with a blinded observer. Thirty-five stroke
patients were allocated to three interventions by randomized order. For the bilateral stimulation group,
500 pulses of 10 Hz rTMS over ipsilesional and the same amount of 10 Hz rTMS over contralesional
mylohyoid motor cortices were administered daily for 2 consecutive weeks. For the unilateral
stimulation group, 500 pulses of 10 Hz rTMS over ipsilesional mylohyoid motor cortices and 500
pulses of sham rTMS over contralesional mylohyoid motor cortices were applied. For the sham
stimulation group, the same pulses of sham rTMS were applied over bilateral mylohyoid motor
cortices. Clinical swallowing function and videofluoroscopic swallowing study was assessed before the
intervention, immediately after the intervention, and 3 weeks after the intervention using Clinical
Dysphagia Scale (CDS), Dysphagia Outcome and Severity Scale (DOSS), Penetration Aspiration
Scale (PAS), and Videofluoroscopic Dysphagia Scale (VDS).
Results
There were significant time and intervention interaction effects in CDS, DOSS, PAS, and VDS scores
(p<0.05). In direct comparison of changes in swallowing parameters among the three groups, the
change in CDS scores at T1 and T2 showed a significantly higher improvement in the bilateral
simulation group than in the other two groups (p<0.05). There was a significantly higher change in
DOSS, PAS, and VDS scores at T1 in the bilateral stimulation group than in the other two groups
(p<0.05).
Conclusions
This research result provided meaningful evidence that 10 Hz rTMS over bilateral mylohyoid motor
cortices is effective on improvement of post-stroke dysphagia. Therefore, 10 Hz rTMS over bilateral
mylohyoid motor cortices can be utilized as an additional treatment strategy with traditional dysphagia
therapy. (This study was supported by the National Research Foundation of Korea (NRF) grant funded
by the Korea government (MSIP) (NRF-2014R1A2A1A01005128).
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Transcranial Direct Current Stimulation in Mesial Temporal Lobe Epilepsy and Hippocampal
Sclerosis
*D. San Juan Orta1,2, A. A. Espinoza López1, R. Vazquez Gregorio1, C. Trenado3, M. Fernandez
Gonzalez-Aragon1, L. Morales-Quezada4,5, A. Hernandez Ruíz6, F. Hernandez-González7, A. AlcarazGuzman8, D. J. Anschel9, F. Fregni4,5
1national institute of neurology and neurosurgery, clinical neurophysiology, mexico city, Mexico
2Dresden International University, Division of Health Care Sciences. Center for Clinical Research and
Management Education, Dresden, Mexico
3University Hospital Düsseldorf, Institute of Clinical Neuroscience and Medical Psychology,
Düsseldorf, Germany
4Harvard Medical School, Harvard University, Laboratory of Neuromodulation, Department of Physical
Medicine & Rehabilitation, Spaulding Rehabilitation Hospital and Massachusetts General Hospital,
Boston, United States
5Harvard Medical School, Harvard University, Program in Placebo Studies, Beth Israel Deaconess
Medical Center, Boston, United States
6National Polytechnic Institute, Superior School of Medicine, Mexico City, Mexico
7Autonomous University of Aguascalientes, Superior School of Medicine, Aguascalientes, Mexico
8University of Colima, Superior School of Medicine, Colima, Mexico
9St. Charles Hospital, Comprehensive Epilepsy Center of Long Island, Port Jefferson, United States
Background
Transcranial direct current stimulation (tDCS) has been tested in heterogeneous refractory epilepsy
studies. However, are inconclusive and the parameters were not well defined.
Objectives
To evaluate safety and efficacy of two protocols of tDCS in adult patients with mesial temporal lobe
epilepsy and hippocampal sclerosis (MTLE-HS).
Methods
Randomized clinical trial, placebo-controlled, double-blind with 3 arms; 3 sessions, 5 sessions and
placebo stimulation. Frequency of seizures (SZs), interictal epileptiform discharges (IEDs) and
adverse effects (AEs) were registered before and after stimulations, and at 30 and 60 days of followup. We used descriptive statistics, k-related samples Friedman’s test and relative risk (RR) estimation
for analysis.
Results
We included 28 patients (3d n=12, 5d n=8, placebo n=8), 16/28 (57%) men, age 37.8(+-10.9) years
old. We found a significant reduction effect of cathodal tDCS on the frequency of SZs at first (p=0.001)
and second (p=0.0001) months of follow-up compared to baseline in the 3 arms (p=0.0001). The
mean reduction of SZs frequency at two months in both active groups was significantly higher than
placebo (-48% vs -6.25%, pp=0.041) in all groups. Only minor AEs were reported.
Conclusions
Cathodal tDCS therapies of 3 and 5 sessions decreased the frequency of SZs and IEDs (only between
baseline and immediately post-tDCS) in adult patients with MTLE-HS compared to placebo, with mild
AEs.
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Figure 1

Figure 2
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Repetitive transcranial magnetic stimulation on freezing of gait in Parkinson’s disease
*S. Y. Kang1, Y. H. Sohn2, S. J. Kim3
1Dongtan Sacred Heart Hospital Hallym University College of Medicine, Department of neurology,
Hwaseong, South Korea
2Yonsei University College of Medicine, Department of Neurology, Seoul, South Korea
3Inje University College of Medicine, Department of Neurology, Busan, South Korea
Question
Freezing of gait (FOG) is frustrating problem in Parkinson’s disease (PD). There is no effective
treatment. The aim of study is to find brain stimulation areas showing more effective response.
Methods
Ten patients with PD were participated. All of them had FOG. Repetitive transcranial magnetic
stimulation (rTMS) were applied to brain for two consecutive days. We measured the number of steps,
completion time and freezing episodes during the stand-walk-sit (SWS) test before and after
intervention. We also tested freezing episodes on two FOG provoking tasks before and after rTMS
treatment. Two stimulation sites of their brain were pseudo-randomly assigned: the motor cortex (MC)
or supplementary motor cortex (SMC). Patients were blinded as to which site was selected. Four rTMS
blocks were delivered, each 10 minutes apart in each day. One block consisted of 15 25 Hz of 1second duration with an intertrain interval of 10 seconds at 100% resting motor threshold.
Results
The freezing episodes during the SWS test were more reduced in SMC stimulation than in MC
(p=0.053).
Conclusion
Our study suggests that SMC stimulation may be a more appropriate candidate in PD patients with
freezing of gait.
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Transcranial Direct Current Stimulation in a Mouse Model of Traumatic Brain Injury
*D. Bragin1, O. Bragina1, G. Statom1, E. Nemoto1
1University of New Mexico School of Medicine, Neurosurgery, Albuquerque, United States
Introduction
Traumatic brain injury (TBI) causes long-term neurological disability in 7% of survivors for which there
is no clinically proven therapies. Transcranial direct current stimulation (tDCS) is a prospective
treatment currently being clinically tested in TBI patients. However, due to a lack of animal studies, the
mechanisms and optimal stimulation parameters for tDCS are unknown.
Objectives
Our objective is to evaluate mechanisms and the efficacy of tDCS in a mouse model of TBI. We
hypothesized that tDCS, applied during recovery phase after TBI, improves long-term neurologic
outcome involving a sustained increase in cerebral blood flow (CBF).
Materials & Methods
TBI was induced by controlled cortical impact (CCI) with a Benchmark Controlled Cortical Stereotaxic
Impactor using a 3-mm flat-tip impounder deployed at a velocity of 5 m/sec and a depth of 2.0 mm
from the cortical surface. Pre-trained mice were subjected to TBI and tested at 3 weeks after trauma
by Rotarod for neurologic motor deficits. Anodal tDCS (0.1 mA/15 min) or sham stimulation were
applied every day for 4 days, starting 2 weeks after TBI. Using in vivo 2-photon laser scanning
microscopy over the parietal cortex we monitored changes in microvascular blood flow and tissue
oxygenation (NADH) before and after tDCS treatment.
Results
Anodal tDCS improved motor function in mice after TBI compared to sham treated mice as shown by
latency to fall from the rotating rod (75.4±12 sec. vs. 55.6±16 sec., n=4, P<0.05). 2PLSM showed that
tDCS induced dilation of cerebral arterioles (+15±7% of diameter) and increased blood flow velocity in
capillaries (from 0.37±2 to 0.95±4 mm/s) leading to increased tissue oxygenation (NADH
autofluorescence decrease by 24±7%). Sham stimulation did not cause any changes. These results
are consistent with our previous studies showing that pulsed electromagnetic field stimulation
increased microvascular CBF and tissue oxygenation by nitric oxide-induced vasodilation (Bragin et.
al, J of Neurosurgery, 2015).
Conclusions
tDCS acutely increases brain microvascular flow and tissue oxygenation that could contribute to
neurologic improvement after TBI. The vasodilation observed may be mediated by tDCS-stimulated
nitric oxide release.
Support
NIH-NIGMS P20GM109089-01A1, Rio Grande Neurosciences.
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Lesioned motor cortex neurophysiology in children with perinatal stroke
*E. Zewdie1, O. Damji1, P. Ciechanski1, T. Seeger1, K. Barlow1, A. Kirton1
1University of Calgary, Calgary, Canada
Introduction
Perinatal stroke (PS) causes most hemiparetic cerebral palsy. Motor recovery is highly dependent on
developmental plasticity in bilateral motor cortex. The fundamental neurophysiology of the lesioned
motor cortex (M1) is poorly understood.
Objective
To characterize lesioned corticomotor neurophysiological properties in hemiparetic children with
perinatal stroke.
Methods
Children 6-18 years with MRI-confirmed PS and hemiparesis were recruited (Alberta Perinatal Stroke
Project). Transcranial magnetic stimulation (TMS) protocols applied to the lesioned M1 measured rest
and active motor thresholds (RMT/AMT) and stimulus response curves (SRC:100-150RMT). Pairedpulse TMS explored short-latency intracortical inhibition and intracortical facilitation (SICI/ICF; 2/10ms
ISI). Measures were compared to the non-lesioned hemisphere and healthy controls (n=40, median
12.2 years, range 8-18). Motor outcomes by blinded occupational therapists were Assisting Hand
(AHA), Melbourne (MA) assessments and Box and Block (BB). Safety and tolerability were assessed.
Results
Of 45 children (median 11.3 years, 25 male; 65% arterial, 35% PVI), TMS of lesioned M1 evoked
contralateral MEPs in only 12 (27%). No ipsilateral MEPs were recorded. Thresholds for evoking a
stroke-side MEP were higher than the non-lesioned side (p=0.04).The s-shaped SRC indicated that
the morphology and responsiveness to increases in TMS intensities was preserved but shifted down
compared to non-lesioned side or controls contralateral SRC. Contralateral SICI (-39.2%, -42.1%) and
ICF (42.5%, 43.6%) effects were comparable between lesioned and non-lesioned sides (p=0.43,
p=0.54, respectively), as well as controls SICI (p=0.30) and ICF (p=0.22). Latencies of MEPs from the
lesion side (24.3ms) were longer than contralateral, non-lesioned MEP (24.3ms versus 21.6ms,
p=0.003). The area under the SRC curve is correlated with all AHA (r=0.9, p=0.01), MEL(r=0.9,
p=0.02) and BB (r=0.8, p=0.05). Protocols were well tolerated with no adverse events.
Conclusion
Cortical physiology of contralateral projections from the lesion side can be measured in hemiparetic
children with PS using TMS. Individualized neurophysiology will further inform recently demonstrated
therapeutic neuromodulation interventions in this population.
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Recovery of the cognitive function by the non-invasive multichannel neuroelectrostimulation
for patients with amnesic syndrome
T. Petrenko1,2, *A. Fedotovskih2, K. Retiunskiy2, V. Kublanov1
1Ural Federal University, Research Medical and Biological Engineering Center of High Technologies,
Institute of Radio Engineering and Information Technology, Yekaterinburg, Russian Federation
2Ural State Medical University, Department of Psychiatry, Yekaterinburg, Russian Federation
The efficiency of non-invasive multichannel neurostimulation technologies for recovery of cognitive
functions is presented in article. The study involved five middle-aged men with signs of pronounced
organic amnestic syndrome, previously held specialized treatment in hospital. As a result, the
stimulation rate during the three weeks of recovery could achieve stable fixing of memory and other
cognitive functions (FAB, MoCA, MMSE). A significant positive trend noted by the results of the data
analysis of EEG and heart rate variability. A hypothesis mechanism for clinical effect is formulated.
Figure 1

74

P036
Defective interhemispheric inhibition in focal epilepsies
*G. Strigaro1, E. Matino1, C. Pizzamiglio1, G. Tondo1, L. Falletta1, C. Varrasi1, R. Cantello1
1University of Piemonte Orientale, Department of Translational Medicine, Section of Neurology,
Novara, Italy
Question
Focal epilepsies (FEs) arise from a lateralized network. In generalized epilepsies (GEs) there is a
bilateral network involvement from the outset. The corpus callosum is the anatomical substrate for
interhemispheric spread, although its detailed physiological role is uncertain. We used transcranial
magnetic stimulation (TMS) to explore the physiology of the corpus callosum in patients with FE and
idiopathic GE (IGE), as compared to healthy subjects (HS).
Methods
We studied 16 patients with FE, 17 with IGE, and 17 HS of similar age and sex. We used TMS to
measure the interhemispheric inhibition (IHI) from left-to-right primary motor cortex (M1) and
viceversa. A conditioning stimulus (CS) was given to one M1 10 and 50 ms before a test stimulus
delivered to the contralateral M1. Statistics was based on ANOVAs.
Results
Across HS, IHI was reproducible, since a contralateral CS suppressed MEPs at ISIs of 10 and 50 ms
(p<0.05). Similar effects occurred in IGE patients (p<0.05). FE patients behaved differently, since IHI
was significantly (p<0.05) reduced bilaterally.
Conclusions
FE patients had a bilateral defective inhibitory response. We suggest that it may represent one key
factor for the contralateral spread of focal discharges, and seizure generalization.
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P037
Transcranial static magnetic field stimulation-induced modulation of motor cortex excitability
in Parkinson's disease
*M. Dileone1,2, L. Mordillo Mateos2, M. C. Carrasco-Lopez2, J. Segundo-Rodriguez3, N. LópezAristegu3, F. Alonso-Frech4, M. J. Catalan-Alonso4, J. Obeso1, A. Oliviero2, G. Foffani1,2
1 HM Puerta del Sur, Centro Integral de Neurociencias, Mostoles (Madrid), Spain
2Hospital Nacional de Parapléjicos, FENSI, Toledo, Spain
3Hospital Virgen de La Salud, Neurology, Toledo, Spain
4Hospital Clinico San Carlos, Neurology, Madrid, Spain
Question
tSMS is a new non-pharmacological, low-cost, non-invasive brain stimulation (NIBS) technique that
decreases cortical excitability in healthy subjects. The effects of tSMS in Parkinson's disease remain
unknown. We designed this study to test the ability of transcranial static magnetic field stimulation
(tSMS) to modulate motor cortex excitability in patients with Parkinson's disease.
Methods
We performed a randomized double-blind sham-controlled cross-over study to assess cortical
excitability before and immediately after tSMS (or sham) applied for 10 min to the motor cortex of
patients with Parkinson's disease. Motor cortex excitability was quantified by the amplitude of motor
evoked potentials (MEPs) elicited by single-pulse transcranial magnetic stimulation (TMS). In a
separated single-blind experimental session we evaluated the effects of tSMS on SICI and SICF.
Patients were studied both after overnight withdrawal of dopaminergic therapy (OFF) medication and
after an acute dose of levodopa (ON).
Results
tSMS significantly decreased MEP amplitudes compared to sham in patients OFF medication, but not
ON medication. Furthermore, tSMS induced an increase in SICI and a reduction in SICF only in OFF
condition.
Conclusions
These results suggest a dopamine dependency of tSMS-induced cortical changes and encourage the
application of tSMS for future clinical trials in patients with Parkinson's disease.
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Motor cortex maps reorganization in amyotrophic lateral sclerosis: navigated TMS study
*I. Bakulin1, A. Chervyakov1, A. Chernyavsky2,3, D. Sinitsyn1,4, A. Poydasheva1, E. Zmeykina1, M.
Zakharova1, N. Suponeva1, M. Piradov1
1Research Center of Neurology, Moscow, Russian Federation
2Institute of Physics and Technology, Russian Academy of Sciences, Moscow, Russian Federation
3Moscow State University, Moscow, Russian Federation
4Semenov Institute of Chemical Physics, Russian Academy of Sciences, Moscow, Russian Federation
Introduction
Navigated TMS combines magnetic stimulation and neuronavigation and can be used to motor cortex
mapping.
Objectives
to investigate motor cortex maps reorganization in amyotrophic lateral sclerosis (ALS) using navigated
TMS.
Patients & Methods
The study involved 11 right-handed ALS patients and 9 healthy. Navigated TMS (NBS eXimia
Nexstim) included measurement of resting motor threshold and mapping of APB cortical
representation. We analyze the size of muscle representation (mm 2) and the weighted size (uV*mm 2).
We approximate stimulation points by a sphere and then calculate Voronoi tessellation to divide a
stimulation zone to the subzones corresponded to stimulation points. The area was calculated as the
sum of areas of fragmentation polygons (zones) corresponded to the points with the MEPs amplitude
above 50uV. To estimate the motor cortex maps reorganization in ALS patients we also calculated a
«hot points index» - the ratio of area with high MEPs amplitude (70% and above of MEPs amplitude in
hotspot) to total size of muscle representation.
Results
Motor threshold were significantly higher in ALS patients in comparison to the control group in both
hemisphere (p<0.05). The size of muscle representation and the weighted size were smaller in
patients with ALS (p<0.05). ALS patients also have a significant increase in «hot points index» (0.16
[0.11; 0.24] vs. 0.08 [0.06; 0.09] in right hemisphere and 0.14 [0.06; 0.28] vs. 0.04 [0.03; 0.09] in left
hemisphere respectively). It’s significantly that «hot points index» is not dependent on size of maps
(fig. 1 and 2) or MEPs amplitude.
Conclusions
Navigated TMS is an available method to investigate motor cortex maps reorganization in ALS. The
size of muscle representation and «hot points index» may be considered as a biomarkers of motor
cortex degenerative damage in ALS.
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Figure 1: Cortical representation of APB in healthy subject (there and in the figure 2: the black points
indicate locations on the cortex associated with negative response, i.e., no MEP, the red points
indicate stimulation locations with associated MEPs amplitude 70% and above of MEPs amplitude in
hotspot, the yellow points - 50-70% and green points - less than 50%. The green closed point is the
center of gravity).

Figure 2: Cortical representation of APB in ALS patients.
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Transcranial Direct Current Stimulation (tDCS) for Fibromyalgia Pain: A Systematic Review
*S. K. Praharaj1
1Kasturba Medical College, Psychiatry, Manipal, India
Background
Fibromyalgia pain persists in a sizeable number of patients despite treatment with analgesics and
antidepressant medications. Electroconvulsive therapy was found to reduce pain in some older
studies. Recently, safer noninvasive brain stimulation techniques including tDCS have demonstrated
efficacy for fibromyalgia pain.
Objective
To conduct a systematic review of randomized sham-controlled trials of tDCS for fibromyalgia pain.
Methods
Data sources and search strategy: Studies were identified using online searches of
PUBMED/MEDLINE and Cochrane database (CENTRAL), along with websites recording trial
information, supplemented with hand searching of cross-references.
Study eligibility criteria: Randomized, double-blind clinical trials comparing active tDCS with sham
tDCS for fibromyalgia pain with standardized rating for pain as primary outcome measure.
Study appraisal and synthesis methods: The methodological quality of included trials was assessed
using the guidelines suggested by Cochrane Collaboration.
Results
Systematic review of literature revealed 14 studies that had assessed tDCS for the treatment of
fibromyalgia pain. Anodal tDCS over left motor (M1) and cathodal supraorbital (SO) as well as
anodal/cathodal SO with extracephalic returning electrodes were effective for fibromyalgic pain. Higher
number of daily sessions (10 more than 5) was more effective, whereas weekly sessions were not
effective. tDCS was well tolerated in most of the studies.
Conclusions
Although evidence is limited, existing data support the safety and efficacy of tDCS for fibromyalgia
pain.
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P040
Restoration of abnormal muscular cramping in musicians’ dystonia through bihemispheric
transcranial direct current stimulation and bimanual motor retraining
*S. Furuya1,2, M. Nitsche3,4,5, W. Paulus5, E. Altenmüller2
1Sophia University, Musical Skill and Injury Center (MuSIC), Tokyo, Japan
2Hanover University of Music, Drama and Media, Institute for Music Physiology and Musicians’
Medicine, Hanover, Germany
3Leibniz Research Centre for Working Environment and Human Factors, Dortmund, Germany
4University Medical Hospital Bergmannsheil Bochum, Department of Neurology, Bochum, Germany
5University
Medical Center Göttingen, Georg-August-University, Department of Clinical
Neurophysiology, Göttingen, Germany
Question
Task-specific focal dystonia (TSFD) is typically characterized by involuntary and abnormal muscular
cramping, which compromises fine motor control. Previous neurophysiological studies have identified
loss of inhibitory control at the motor cortex as a possible pathophysiology of the dystonic cramping. A
recent study demonstrated that bi-hemispheric transcranial direct current stimulation (tDCS) over the
motor cortices during performing bimanual mirrored finger movements ameliorated impairment of
dexterous finger movements in pianists with TSFD. However, little has been uncovered about its
underlying neurophysiological mechanism. Here we tested a hypothesis that the bi-hemispheric tDCS
with motor retraining normalizes abnormal co-contraction between antagonistic pairs of extrinsic finger
muscles in pianists with TSFD.
Methods
Eight pianists suffering from TSFD at the right hand and eight healthy pianists performed the bimanual
mirrored finger movements for twenty-four minutes with two conditions; either with 2mA tDCS over the
motor cortices (cathodal over the left and anodal over the right) for twenty-four minutes (real condition)
or thirty seconds (sham condition).
Results
The results demonstrated changes in pattern of muscular co-contraction only following the real
stimulation condition, in which tonic activity turned into more phasic pattern. In addition, the amount of
muscular co-contraction was significantly decreased after the real stimulation in the patients, which
was the case neither at the sham condition of the patients nor at both conditions of the healthy
controls.
Conclusions
The results provide physiological evidences of restoration of both abnormal pattern and amount of
muscular co-activation of musicians’ dystonia through the bi-hemispheric tDCS with bimanual motor
retraining.
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P041
Facilitatory Effect of Intermittent Theta Burst Stimulation in Cortical and Subcortical Middle
Cerebral Artery Stroke
*J. Sungju1, A. Seung-Chan1
1Chungnam National University, Daejeon, South Korea
We aimed to compare the effect of intermittent theta burst stimulation (iTBS) on ipsilesional
hemisphere between cortical and subcortical lesion in middle cerebral artery stroke. Twenty-five
subacute hemiplegic stroke patients were enrolled. The iTBS was delivered over the ipsilesional
primary motor cortex (M1) for hand with figure-of-eight coil. The motor evoked potential (MEP) and
lateral pinch power of the paretic hand were recorded before and immediate after the iTBS.
Independent t test were used to compare the parameters between groups. Paired sample t test used
to confirm the changes MEP and pinch power between before and after stimulation. The amplitude of
MEP statistically significantly increased after iTBS (P < 0.05). The latency of MEP only showed the
tendency to be decreased after iTBS (P > 0.05). The power of lateral pinch increased (P < 0.05). But
there were no statistically significant differences in all measurements between 2 groups at baseline
and after stimulation. The results of our study suggest that iTBS over ipsilesional M1 of the affected
hand motor cortex can modulate cortical excitability and functional performance in both cortical and
subcortical lesion.
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P042
Investigating the relationship between contagious yawning and motor cortex excitability
*H. Sigurdsson1, B. Brown1, E. Sykes2, J. Salisbury1, G. Jackson2, S. Jackson1
1University of Nottingham, School of Psychology, Nottingham, Great Britain
2University of Nottingham, School of Medicine, Nottingham, Great Britain
Automatic imitation of other people’s actions is termed echophenomena (EP). EP is a prominent
feature in several neurological and psychiatric conditions where patients are not able to suppress
imitative behaviour of others. EPs also occur in neurologically healthy individuals [1]. As an example,
observing a yawn can produce echophenomena-like behaviour in humans and is viewed as an
involuntary mirror movement [2, 3].
Objective
In this study we wanted to assess whether the propensity to yawn is related to motor excitability
measures in neurologically healthy volunteers.
Materials & methods
Thirty-three participants were recruited for the study. Corticospinal pathway excitability was measured
using single-pulse transcranial magnetic stimulation (sp-TMS). The TMS coil was placed over the left
motor cortex and recruitment curves (I/O curves) were collected from the contralateral first dorsal
interosseus (FDI) muscle. Post stimulation, participants sat in front of a 15” laptop computer screen
and watched a 30-minute movie of actors yawning. Whilst watching the movie, participants were
asked to either suppress yawning or yawn freely. In order to measure the propensity to yawn,
participants were recorded using a webcam. Two independent raters, blinded to condition, counted the
number of yawns from the participant recordings. The inter-rater reliability was calculated using
Chronbach´s alpha.
Results & Conclusion
Participants yawned significantly more in the free condition compared to the suppress condition.
Multiple linear regression showed that the propensity to yawn was not significantly related to I/O
curves. Moreover, no linear relationship was observed between I/O curves and resting motor
threshold. Results show that the propensity to yawn might not be related to individual I/O curves.
Future studies could include further TMS parameters such as SICI.
[1] Platek, S M., Mohamed, F. B., and Gallup Jr, G. G. (2005). Contagious yawning and the brain.
Cognitive brain res, 23, 448-452.
[2] Dijksterhuis, A. et al., (2001). The perception-behavior expressway: automatic effects of social
perception on social behaviour. Adv Exp Social Psychol, 33, 1-39.
[3] Schürmann, M., et al. (2005). Yerning to yawn: the neural basis of contagious yawning.
NeuroImage, 24, 1260-1264.
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Deep Brain Stimulation of Subthalamic Nucleus and L-dopa modulate TMS-evoked cortical
activity in Parkinson’s disease patients
*E. P. Casula1, M. C. Pellicciari1, V. Ponzo1, M. Stampanoni Bassi1, D. Veniero1, A. Peppe1, L. Brusa1,
A. Stefani1, G. Koch1
1Non-invasive Brain Stimulation Unit, Santa Lucia Foundation, Rome, Italy
Question
Deep brain stimulation (DBS) of the subthalamic nucleus (STN) represents an effective therapy in
Parkinson’s disease (PD). The effects of STN-DBS on cortical reactivity are still poorly understood. By
combining transcranial magnetic stimulation (TMS) and electroencephalography (EEG), we explored
the effects of STN-DBS either alone or in combination with levodopa (LD), on cortical activity evoked
by TMS of the primary motor cortex (M1) in a sample of PD patients chronically treated with STN
implantation.
Methods
Six advanced PD patients treated with STN-DBS were tested in three clinical conditions on distinct
days: i) on therapy/on DBS; ii) off therapy/on DBS; iii) off therapy/off DBS. In each condition, 80 single
TMS pulses were delivered over left M1 while simultaneously acquiring EEG. We evaluated TMSinduced changes in the time domain and in the time/frequency domain.
Results
In the OFF/ON condition there was a significant increase of GMFP peaking at 60-70 ms (P2)
compared to OFF/OFF condition. In ON/ON condition a significant increase of GMFP peaking at 60-70
ms (P2) and at 100ms (P3) was observed compared to OFF/OFF condition. Time/frequency analysis
showed a synchronization of activity in the 10-17 Hz range over central-posterior region within the P2
time window in the OFF/ON condition compared to OFF/OFF. The same analysis conducted on the P3
time window revealed a synchronization of activity in the 11-16 Hz range of frequency over central
regions when comparing OFF/ON condition to ON/ON.
Conclusions
Our data reveal that bilateral STN-DBS induces a significant modulation of cortical global reactivity at
early components. The association of LD therapy produces additional distinct modulation of later
components. These findings could be related to cortical induced modulation of GABAergic intracortical
activity.
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The effect of transcutaneous vagal nerve stimulation on experimental heat pain - a crossover
blinded sham- and placebo-controlled investigation
*H. Hacker1, N. Möller1, N. N. Gürtler1, K. Hahnenkamp1, T. I. Usichenko1,2
1University Medicine Greifswald, Anesthesiology, Greifswald, Canada
2McMaster University, Anesthesia, Hamilton, Canada
Question
Transcutaneous vagal nerve stimulation (TVNS) is a promising treatment for acute and chronic pain
[1], however the testing of TVNS within the experimental pain models yielded controversial results
[1,2]. The aim was to investigate the effect of TVNS on perception of repetitive heat pain stimuli
(RHPS) in comparison with sham and placebo procedure in healthy volunteers.
Methods
Forty-nine participants (25 females) underwent 4 RHPS sessions within an interval of 48 hours inbetween. During each session, 90 heat stimuli of individual pain tolerance temperature (ramp rate
20°C/s, pulse duration 0.8 s, frequency of stimulation 0.33 Hz) were applied to the forearm using a
CHEPS thermode (Medoc, Israel). The first (baseline) session was performed without intervention,
during three following sessions either TVNS, sham (earlobe stimulation) or placebo condition were
applied in a random crossover manner. Participants rated the perceived pain intensity of the first and
each 10th stimulus using numeric rating scale 0-100. Data was analysed using ANOVA and Bonferroni
adjusted multiple comparisons.
Results
Participants reported less pain during all interventional methods compared to baseline (p < 0.001, Fig.
1), whereas pain under TVNS was lower than under placebo procedure after 30 stimuli (p=0.038, Fig.
1). The effect of TVNS and sham stimulation on RHPS perception was comparable.
Conclusion
We could confirm the hypoalgesic effects of TVNS, but these effects were not distinguishable from
sham intervention in our study. However, we cannot exclude stimulation of cranial nerves during the
placebo and sham condition because of possible acupressure effects and widespread neural
activation after electrical stimulation of the earlobes.
References
[1] Busch et al. Brain Stimulation 2013;6:202-9.
[2] Laqua et al. Autonomic Neuroscience2014;185:120-22.
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Figure 1: Pain ratings of repetitive heat pain stimulation were reduced under TVNS, sham and
placebo procedures in comparison with baseline (** p<0.001). Pain Intensities after 30 stimuli were
lower under TVNS compared to placebo (*p<0.038). Data given as mean ± SEM.

85

P045
The stability of hand cortical motor representations in writer’s cramp patients after repetitive
transranial magnetic stimulation
*A. Poydasheva1, A. Chernyavskiy2, A. Chervyakov1, N. Suponeva1, O. Semenova3, S. Timerbaeva3,
M. Piradov4
1Research Center of Neurology, Neurorehabilitation and physiotherapy, Moscow, Russian Federation
2Institute of Physics and Technology, Moscow, Russian Federation
3Research Center of Neurology, Department of Neurogenetics, Moscow, Russian Federation
4Research Center of Neurology, Moscow, Russian Federation
Introduction
Writer’s cramp (WC) is a rare type of focal dystonia. The treatment of WC is complicated due to the
variations in the forces and angles of involved joints. Abnormal interactions within motor system units
such as primary motor cortex, premotor cortex, basal ganglia is found to play role in WC pathogenesis.
Repetitive transcranial magnetic stimulation (rTMS) can change cortical areas interactions and though
could be a promising tool in treatment of WC. The most accepted rTMS protocol is low-frequency
rTMS of premotor cortex (PMC) but according to the latest clinical guidelines it doesn’t provide a
sufficient level of evidence to establish recommendations on the use it in WC patients. (Lefaucheur et
al, 2014).
Objectives
The aim of our study was to evaluate the dynamics of motor cortical representations after rTMS in WC
patients.
Materials & Methods
Twelve patients (m/f - 6/6, mean age=46.0, SD=15.6), all right-handed and suffering writer’s cramp
were enrolled in this study. nTMS with right Abductor pollicis brevis (ABP) muscle mapping was
performed with NBS eXimia Nexstim device before and after 10 trains of low-frequency rTMS of PMC
(1 Hz, 1200 stimuli/session, 110% of resting motor threshold (RMT). We assessed spatial distribution
and location of right APB cortical representation including hot spot and center of gravity (stimulation
point vectors sum weighted by MEPs amplitude) location before and after rTMS. We also assessed
RMT changes. The cortical representation’s visualization was made with self-made software using
spherical Voronoi tessellation.
Results
No significant changes in RMT was found (RMT before 46.6±12.4%, RMT after 46.7±12.4%). Two
trends were observed comparing spatial distribution and location of right APB cortical representation:
we observe quite stable representations and hot spot and center of gravity in four patients while in
other patients the representation changed significantly (pic. 1).
Conclusion
We found two opposite directed trends in cortical representation dynamics. We’re planning further
study if these trends could be predictors of clinical efficacy of rTMS.
Figure 1
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Cortico-cerebellar pathway contribution to stroke recovery
*N. Wymbs1, J. Xu2, P. Celnik1,3
1Johns Hopkins University, Physical Medicine & Rehabilitation, Baltimore, United States
2Johns Hopkins University, Neurology, Baltimore, United States
3Johns Hopkins University, Neuroscience, Baltimore, United States
Introduction
Upper limb impairment from stroke is a major factor interfering with the return to independence in
activities in daily life. Given the vast number of processes that unfold following stroke, it is critical to
explore the pathways for recovery. The cerebellar afferent dentato-thalamo-cortical (DRTC) pathway
supports motor learning and motor control, and thus might be important for recovery from stroke.
Objective
To test for the relative contribution of the DRTC using a multi-modal approach that included
assessment of pathway physiology using TMS and DTI.
Patients & Methods
We investigated the contribution of the DRTC in motor recovery in 6 chronic stroke patients. We
defined our recovery measure (∆FM-UE) as the Fugl-Meyer upper extremity score (FM-UE) change from
week 52 (24 weeks for 1 patient) minus the FM-UE at 4 weeks postinfarct. At the chronic stage, we
measured the structural and physiological efficacy of the DRTC using TMS, DTI, as well as behavioral
assays. This involved: (1) cerebellar-brain inhibition (CBI) paired-pulse TMS to measure the strength
of connectivity between the motor cortex and cerebellum; (2) region-based fractional anisotropy (FA)
of canonical structures using DTI MultiAtlas Segmentation; (3) a center-out reaching task, which
involved slicing movements to 1 of 8 targets spaced 10 cm from a central location without vision of
their hand.
Results
Participants were well recovered (MFM-UE = 62.83) at the time of assessment. Using multiple linear
regression to develop a predictive model of ∆ FM-UE, we found that explained variance of the model
approached 90% (p = 0.006) with reach endpoint error variance and CBI amplitude selected as the
independent variable inputs. Moreover, we found a similar relationship when using the Action
Research Arm Test (ARAT) as a recovery scale (∆ ARAT), with superior peduncle FA and a ratio of CBI
between affected and unaffected limb accounting for 85% of the variance (p = 0.024).
Conclusion
Our results indicate the importance of the cortico-cerebellar pathway in the recovery from stroke, and
suggest that CBI might contribute additional diagnostic information beyond assessment of
corticospinal tract integrity. In particular, these results suggest that the DRTC supports recovery for
patients that have had a relatively high recovery in terms of FM-UE.
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Safety and tolerability of transcranial magnetic stimulation for motor and language mapping in
children with epilepsy
*H. L. Kaye1,2, R. Gersner1,2, L. Oberman3, A. Chung1,2, M. J. Sanchez1,2, N. Chiriboga1,2, A. Boes4, A.
Pascual-Leone4, A. Rotenberg1,2,4
1Boston Children's Hospital, Division of Epilepsy and Clinical Neurophysiology, Neuromodulation
Program, Department of Neurology, Boston, United States
2Boston Children's Hospital, F.M. Kirby Neurobiology Center, Boston, United States
3Warren Alpert Medical School of Brown University, Department of Psychiatry and Human Behavior,
Providence, United States
4Beth Israel Deaconess Medical Center, Berenson-Allen Center for Noninvasive Brain Stimulation,
Department of Neurology, Boston, United States
Introduction & Objectives
Transcranial magnetic stimulation (TMS) is a method for focal noninvasive cortical stimulation where
small intracranial electrical currents are generated by a powerful extracranial fluctuating magnetic field.
The objective of this retrospective study was to assess TMS safety and tolerability for presurgical
mapping in children with epilepsy.
Materials & Methods
TMS was performed with a figure-of-eight coil and the site was localized to the patient’s own MRI
using frameless stereotaxy. Motor mapping involved single-pulse stimulation at 110% resting motor
threshold (rMT), or 100% machine output (MO) when MT was ≥100% MO. Expressive language
mapping involved repetitive stimulation at 90-150% rMT, delivered in 5 Hz trains around Broca’s area
and the homologous right hemisphere region. Heart rate (HR) and HR variability during stimulation
were extracted from the EMG as additional safety measures. Our data also enables measures of rMT
as a function of age.
Results
106 patients (10 mo - 18y; 97≤18y) with medication-refractory epilepsy underwent TMS motor
mapping, and 28 patients (ages 6-18y; 24≤18y) underwent language mapping. There were no atypical
seizures, status epilepticus or epilepsy exacerbation. Typical seizures occurred in 3 patients during
TMS motor mapping, and 1 seizure occurred during speech mapping. Of the three in-session seizures
during motor mapping, one occurred in the setting of reduced antiepileptic medications, during EMG
electrode setup, the second occurred during a session in a patient who experienced frequent daily
seizures, and the third, a motor seizure with right arm extension occurred during right hand rMT
determination. The seizure during language mapping may occurred in a patient with reflex audiogenic
epilepsy, whose seizure were triggered by rhythmic auditory stimuli. Although higher stimulation
intensity was required in younger children secondary to lower rMT the tolerability was similar in
younger and older children. There was no significant change in heart rate from baseline during TMS
sessions.
Conclusions
Navigated TMS appears to be safe and relatively well tolerated in pediatric patients with drug-resistant
epilepsy undergoing presurgical mapping.
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Motor mapping by transcranial magnetic stimulation reveals persistent ipsilateral corticospinal
connections in the epileptic hemisphere in patients with intractable focal epilepsy
*H. L. Kaye1,2, R. Gersner1,2, A. Pascual-Leone3, A. Boes3, J. Peters1, A. Rotenberg1,2,3
1Boston Children's Hospital, Division of Epilepsy and Clinical Neurophysiology, Neuromodulation
Program, Department of Neurology, Boston, United States
2Boston Children's Hospital, F.M. Kirby Neurobiology Center, Boston, United States
3Beth Israel Deaconess Medical Center, Berenson-Allen Center for Noninvasive Brain Stimulation,
Department of Neurology, Boston, United States
Introduction & Objectives
While corticospinal connections are overwhelmingly contralateral in children after the toddler years,
ipsilateral corticospinal connections may persist in older children and adults particularly for the foot
and proximal muscles. Here we test whether such preserved ipsilateral corticospinal connectivity
occurs with bias toward either the affected or unaffected hemisphere in focal epilepsy. We reviewed
the anatomical findings for the tibialis anterior (TA) representation in patients with intractable focal
epilepsy without gross motor cortex abnormality, who underwent motor mapping by navigated
transcranial magnetic stimulation (TMS) as part of epilepsy surgery evaluation.
Patients & Methods
Children with epilepsy from a range of causes were entered into the study if they: (1) had focal,
unilateral seizures, (2) undergone TMS mapping of motor cortical output to the TA bilaterally with a
figure-of-eight coil, (3) have no evidence of MRI lesion in the region of the motor cortex or corticospinal
tract, and (4) been found to have preserved ipsilateral TA representation in only one hemisphere. Of
the 106 patients (ages 10mo-27y) who had nTMS for presurgical planning, 42 had motor mapping of
both the left and right TA muscles. 20 of 44 patients had ipsilateral TA motor representation in both
hemispheres, and 14 patients (age 13.2y +/- 5.2) met the predefined criteria for the analysis, with
ipsilateral TA representation in only one hemisphere (Figure 1).
Results
In every patient with focal epilepsy that had a unilateral ipsilateral TA representation it was on the
affected, epileptic hemisphere (14 of 14, 100%; p<0.01).
Conclusions
Our findings suggest a pathologically-preserved immature motor lateralization in pediatric patients with
focal epilepsy. This may be due to sustained abnormal electrical activity that alters normal
corticospinal pathway maturation and maintains ipsilateral motor representation.
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Figure 1: Preserved ipsilateral tibialis anterior (TA) motor map in same hemisphere as seizure focus.
Data are shown for a patient with a right hemisphere seizure focus. Right hemisphere stimulation in
this patient produced either a left (panel A) or right (panel B) TA MEP. Color coded right hemisphere
composite map of the left TA in orange and right TA in white are shown in panels C and D.
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Chronic post stroke central pain: Increased success rate of chronic epidural motor cortex
stimulation using somatotopic, navigated repetitive TMS for patient selection and implant
placement.
*M. Thordstein1, K. Gatzinsky2, G. Pegenius2
1Linköping University Hospital, Linköping, Sweden
2Sahlgrenska Univ. Hospital, Neurosurgery, Gothenburg, Sweden
Introduction
The outcome at group level of neuromodulation for central pain using stimulation of motor cortices is
limited, though for some, there are large effects. Thus, there is a need for selection of patients.
Methods
15 patients with refractory central post stroke pain had somatotopically directed, placebo controlled,
motor cortex stimulation with navigated rTMS (nrTMS). Symptoms were reported one week before and
two weeks after the procedure. The optimal stimulation positions were transferred to an
intraoperatively used neuronavigation system and verified by epidural stimulation. Here, an electrode
was sewn to the dura mater. Patients reported symptoms, intermittently up to 12 months after the
operation.
Results
Of the 15 patients evaluated, seven were rejected since they did not respond to nrTMS. Of the eight
that did respond, four are waiting for- and four have had the procedure. Of the four with implant all
report an, on the whole, positive, clinically meaningful effect.
Discussion
The value of Evidence Based Medicine is beginning to be reconsidered. The kind of procedure
described above may considerably improve the outcome of this invasive procedure for severe central
pain, making it sound from economical and ethical perspectives.
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Does rTMS and/or tDCS improve the outcome of behavioral aphasia therapy in subacute
aphasia?
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Introduction
For several years non invasive brain stimulation (NIBS) techniques like rTMS and tDCS were used in
combination with speech and language therapy. There is evidence that both techniques are able to
enhance behavioral treatment effects by inhibiting right Broca´s area and thereby facilitating
reintegration of perilesional activation. However, to date, there is a lack of systematic randomized trials
comparing the effectiveness of the two techniques.
Question
Does additive, inhibitory rTMS or tDCS over right Broca´s area for two weeks enhance behavioral
treatment effects in patients with subacute poststroke aphasia?
Method
Protocol and participants: In a multicenter, multilingual (German, English, French) clinical trial 90 righthanded participants with subacute aphasia after ischemic stroke in the left MCA territory are randomly
assigned to: rTMS-group, tDCS-group, or Sham-group. Participants receive 10 sessions of 45 minutes
speech and language therapy after/during rTMS, tDCS or sham stimulation over two weeks.
Stimulation protocol: Inhibitory (1 Hz) rTMS or cathodal tDCS over right pars triangularis (BA 44/45).
Outcome measures: Primary multilingual outcome measures are the Boston Naming Test (BNT), a
verbal fluency test, and the Token Test. Secondary outcome measures are the Aachen Aphasia Test
(German), the Western Aphasia Battery (English) and the Montreal-Toulouse Language Assessment
Battery for Aphasia (French). Outcome measures are assessed the day before and the day after the
treatment period and after a 30 days follow-up time.
Summary
This study will be the first multilingual, multinational randomized trial comparing the additive effects of
two NIBS techniques on the outcome of aphasia therapy in patients with subacute aphasia.
Literature
Thiel et al. (2015) Non-invasive repeated therapeutic stimulation for aphasia recovery: A multilingual,
multicenter aphasia trial. J Stroke Cerebrovasc, 24 (4): 751-758.
Rubi-Fessen et al. (2015) Add-on effects of rTMS on subacute aphasia therapy: Enhanced
improvement of functional communication and basic linguistic skills. A randomized controlled study.
Arch Phys Med Rehab, 96: 1935-1944.
Thiel et al. (2013) Effects of noninvasive brain stimulation on language networks and recovery in early
poststroke aphasia. Stroke, 44: 2240-2246.
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Brain connectivity changes associated with tDCS plus cognitive training in Parkinson Disease
with mild cognitive impairment.
*R. Biundo1, L. Wais1, A. Antonini1
1IRCCS San Camillo Rehabilitation Hospital, Parkinson's disease and movement disorders Unit,
Venice-Lido, Italy
Objective
The aim of this study is to investigate whether cognitive changes are associated with discrete regional
modifications of brain perfusion and cortical excitability. Data were collected in the context of a doubleblind randomized study where we found long-term clinical relevant benefit of anodal left DLPFC
trascranial direct current stimulation (tDCS) in immediate memory skills in PD with MCI despite a
temporary break down of executive/attentional abilities during treatment [1].
Methods
Twenty matched PD patients (10 real and 10 sham tDCS condition) participated at the treatment (4week) and 16 of them (7 real tDCS and 9 sham tDCS) completed the follow up session (16-week). We
administered 20 minutes online tDCS (sham or real) with structured 30 minutes cognitive training (CT)
4 times a week. Each patient underwent clinical, neuropsychological evaluation and MRI at baseline,
4-week and study end.
Results
At 4 weeks, real tDCS group showed increased fALFF activity in bilateral frontal areas, right temporal
and left cerebellum areas and decreased fALFF activity in left precentral, temporal areas, and in the
right frontal-orbital areas, together with clinical relevant decreased performance in long term memory.
At 16 weeks follow-up we observed a wider increase of fALFF activity in parietal, temporal regions and
cerebellum and a focal reduction in the frontal areas bilaterally and right cerebellum together with
increased performance in immediate memory skills. At 4 weeks the sham group showed broad
increase in whole brain activity and focal decreased activity in temporal, angular and cerebellum areas
without relevant cognitive changes. At 16 weeks a brain activity and cognitive performance similar to
baseline in the same group was observed.
Conclusions
We found brain connectivity modifications associated with cognitive performance changes during
rehabilitation treatment. These results are promising and should help clarifying how the brain is
endowed with intrinsic functional reorganization to support and maintain cognitive changes over time.
Reference
[1] Biundo R. et al,Double-blind Randomized Trial of t-DCS Versus Sham in Parkinson Patients With
Mild Cognitive Impairment Receiving Cognitive Training.Brain Stimul. 2015;8(6):1223-5.
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Investigation of the influence of the parieto-premotor network on the motor cortex in writer's
cramp using transcranial magnetic stimulation (TMS)
*J. E. Park1,2, P. Mathew2, M. Villegas2, P. Srivanitchapoom 3, T. Wu2, M. Hallett2
1Dongguk University Ilsan Hospital, Neurology, Goyang, South Korea
2National Institutes of Health, Bethesda, United States
3Mahidol University, Bangkok, Thailand
Objective
We aimed to study the influence of the parieto-premotor network on the motor cortex in patients with
writer's cramp.
Background
The parietal and premotor cortices have been shown to be involved in right-handed writing. It has also
been shown that the connectivity between these regions may be reduced in writer's cramp, a type of
task-specific focal hand dystonia.
Methods
We used a three single-pulse TMS paradigm (preconditioning, conditioning and test pulse) to
sequentially stimulate the left posterior parietal cortex (PPC), left ventral premotor cortex (PMv) and
the left motor cortex (M1). A paired-pulse TMS paradigm was used to probe the functional connectivity
of the PMv and M1, as well as the PPC and M1 prior to the three single-pulse TMS paradigm.
Results
8 right-handed healthy volunteers (mean age 55 years, standard error 4 years) and 8 right-handed
patients with writer's cramp (mean age 62 years, standard error 2 years) completed the study. We
confirmed the presence of premotor-to-motor inhibition in the healthy volunteer group at interstimulus
intervals (ISI)s of 4 ms and 8 ms, while this was not seen in the patient group. Facilitatory influences
from the posterior parietal cortex was seen in both groups (ISIs of 4 ms and 6 ms in the healthy group,
and 6 ms in the patient group).

The premotor-to-motor inhibition was found to reverse in healthy volunteers (shown in figure 2, as no
statistical significance was seen amongst the test and triple conditions), while no effects were seen in
patients.
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Conclusions
We confirmed that in healthy volunteers, the PPC appears to have an influence on the PMv, resulting
in reversal of the inhibition seen with PMv paired-pulse stimuli. This along with premotor-to-motor
inhibition, was not seen in patients with writer's cramp. Facilitatory parietal influences on M1, on the
other hand, appear to be intact in these patients. These results suggest that the connectivity between
PPC and M1 is intact in patients with writer's cramp, while the connectivity between PPC and PMv,
and PMv and M1 appears altered.
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Double blind randomized controlled clinical trial of frontoparietal tdcs in patients with
disorders of consciousness
*G. Martens1, A. Thibaut2, S. Laureys1
1Coma Science Group, GIGA Research (ULg), Liège, Belgium
2Spaulding Hospital, Laboratory of Neuromodulation, Boston, United States
Objectives
To assess the effects of frontoparietal transcranial direct current stimulation (tDCS) in patients with
disorders of consciousness using the Coma Recovery Scale-Revised (CRS-R) in a randomized double
blind sham controlled cross-over study,
Methods
This study was performed on patients in unresponsive wakefulness syndrome (UWS), minimal
conscious state (MCS), and emergence of MCS (EMCS). We enrolled 15 patients (UWS=7, MCS=7,
EMCS=1; average age= 44.6 ± 14.4; 7 traumatic patients and 8 non-traumatic). Two session of tDCS
were delivered, using either anodal or sham stimulation in a randomized order. Frontoparietal areas
were stimulated using a current of 1 mA during 20 minutes. Consciousness was assessed with the
CRS-R before and after each stimulation.
Results
A tendency of improvement was observed after the real tDCS session (p=0.075) while no significant
change was found after the sham session (p=0.205). It was noticed that a higher percentage (43%) of
patients in MCS increased their CRS-R score after an actual tDCS; compared to only 14% of patients
in UWS.
Conclusion
Some improvements were observed further to tDCS stimulations. Based on a larger sample of
patients, the positive effect of frontoparietal tDCS could become more significant. This stimulation
technique could, in a near future, prove its utility in MCS patients’ rehabilitation.
Keywords
tDCS, frontoparietal, CRS-R, MCS, UWS
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The evaluation of transcranial magnetic stimulation rTMS in corticobasal degeneration (CBD):
PET, QEEG and Neuropsychological correlates
G. Toprak1, *L. Hanoglu1, B. Guntekin1, B. Yulug1, H. A. Velioglu1, M. Budak1, T. Çakır1
1ISTANBUL MEDIPOL UNIVERSTY HOSPITAL, Neurology Department, İstanbul, Turkey
Background
CBD is a neurodegenerative disorder characterized by asymmetric motor parkinsonism
symptomatology and impairment in language, personality and affective functions that are related to
frontoparietal atrophy. To date, there is still no effective treatment for CBD. In this respect, TMS may
be a novel therapeutic candidate for CBS. Considering all of this evidence, we aimed to evaluate the
pre and post-treatment electrophysiological, neurometabolic and neuropsychometric correlates of TMS
application in four CBS patients.
Methods
We have evaluated the pre and post treatment EEG, FDG-PET and detailed clinical behavioral and
neuropsychometric test correlates of TMS in four CBD patients who were admitted to our dementia
outpatient at the University of Medipol-Istanbul. The following detailed neuropsychometric test
procedures were applied to patients; Digit Span (Forward/Back) Test, Verbal Fluency Test, Lexical
Fluency Test, Clock Drawing Test, Similarities and Comprehension test, Verbal Learning Test
(SBSTTA-Oktem), Wechsler Memory Scale (WMS- Logical Memory Test), Benton Face Recognition
Test (BFR), Line Orientation Identification Test (BLOT), Neuropsychiatric Inventory (NPI), Geriatric
Depression Scale (GDS), Frontal Behavioral Inventory Test (FBI), Standardized Mini Mental State
Examination (MMSE) and Clinical Dementia Rating-Scale (CDR).
Results & Conclusion
We have found that increased pretreatment theta activity was significantly decreased after the TMS
treatment in frontal, central and parietal regions that was associated with the normalized glucose
metabolism and neurobehavioral test scores after the TMS treatment.
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Combined repetitive transcranial magnetic stimulation and peripheral muscle magnetic
stimulation in chronic tinnitus
*M. Schecklmann1, T. B. Poeppl1, P. M. Kreuzer1, B. Langguth1
1University of Regensburg, Department of Psychiatry and Psychotherapy, Regensburg, Germany
Question
Chronic tinnitus is characterized by several comorbid disorders. One of them is neck and back pain.
Here, we investigate the feasibility, safety and clinical efficacy of the combination of repetitive
transcranial magnetic stimulation (rTMS) and peripheral muscle stimulation (rPMS) in chronic tinnitus
in a pilot study. rTMS is considered to interact with neural tinnitus networks. rPMS is suggested to
bring relief to muscle tension. This is an one arm study where explorative analyses will be done with
special consideration on patients suffering from neck pain in the analysis.
Methods
In this one-arm study, thirty patients receive rPMS and rTMS consisting of ten daily sessions. rPMS is
done in five medial-lateral movements starting from the neck: left and right trapezius and deltoid
muscle, trapezius and lattissimus dorsi muslce, and over the backbone using 20 stimuli per movement
with 2s inter-train interval. Stimulation is done with four repetitions for each of the five movements - the
first 20 trains with a frequency of 5Hz and the second 20 trains at 20Hz. Stimulation is done at
individual comfortable level (20-30% stimulator output) using a round coil. rTMS is done at 20Hz with
2000 stimuli over the left dorso-lateral prefrontal cortex at 110% motor threshold followed by 1Hz
stimulation with 2000 stimuli over the left temporo-parietal cortex with an stimulation intensity if 110%
motor threshold using a figure-of-eight coil.
Results
The trial is registered (ClinicalTrials.gov identifier: NCT02306447). The last visit will be done in April
2016 - just after the abstract deadline. First clinical impressions show good tolerability and clinical
efficacy in a proportion of patients. For the conference we will present the completed statistical
analyses for the whole group and for a subgroup with neck pain. Further analyses will include
contrasts with an historical control sample.
Conclusions
We will discuss putative mechanisms of action of rPMS and rTMS for the treatment of chronic tinnitus.
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Daily transcranial random noise stimulation of the temporal cortex in chronic tinnitus
*M. Schecklmann1, T. B. Poeppl1, P. M. Kreuzer1, B. Langguth1
1University of Regensburg, Department of Psychiatry and Psychotherapy, Regensburg, Germany
Question
Hyper-activity and hyper-synchronicity of auditory areas are involved in the pathology of chronic
tinnitus. Transcranial random noise stimulation (tRNS) - a non-invasive electric brain stimulation
method - was recently shown to be able to reduce tinnitus loudness and distress after single sessions
in big samples and after daily sessions of tRNS in one small sample. For the first time, we investigate
the tolerability and efficacy of daily sessions of tRNS in a bigger sample of chronic tinnitus.
Methods
In this one-arm study, thirty patients receive high-frequency tRNS of the left and right temporal cortex
consisting of ten daily sessions. Study visits are baseline (treatment day 1), week2 (treatment day 10),
week4 and 12 (two and ten weeks after treatment, respectively).
Results
Compatibility
Six patients perceived temporal increases in tinnitus loudness (two drop-outs) and two patients report
headaches (one drop-out). One patient did not finish the treatment due to personal reasons. Typical
side effects were mild to moderate tingling (87%), tiredness (67%), and itching (47%). There was no
evidence for cognitive effects of the stimulation. Primary outcome: There were eight treatment
responders for the rTMS and the tRNS trial with only two of them responding in the rTMS as well as in
the tRNS treatment. Secondary outcomes: TQ, MDI, numeric ratings, and quality of life did not show
significant effects of time or time by treatment except for the numeric rating unpleasantness (decrease
from week baseline to week2) and the quality of life domain physical well-being (increase from week4
to week12.
Conclusions
Treatment of chronic tinnitus with high-frequency tRNS is easy applicable, showed tolerable side
effects and efficacy in the same range as rTMS (31% for this sample), but resulted in temporal
increases in tinnitus loudness in 20% of the cases (including two drop-outs). Notably, treatment
response to rTMS did not predict treatment response to tRNS favoring individualized treatment with
brain stimulation which can be realized by using single test sessions as recommendation for daily
treatment. Specific changes in unpleasantness after tRNS in contrast to rTMS might be explainable by
the stimulation of more medial temporal areas such as posterior insula or hippocampus (summation of
electric currents in border regions of different types of tissues).
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Individualized rTMS: a proof-of-concept study in chronic tinnitus
*P. Kreuzer1, T. Poeppl1, V. Vielsmeier1,2, A. Lehner1, B. Langguth1, M. Schecklmann1
1University of Regensburg, Psychiatry and Psychotherapy, Regensburg, Germany
2University of Regensburg, Otorhinolaryngology, Regensburg, Germany
Background
Prefrontal and temporoparietal repetitive transcranial magnetic stimulation (rTMS) in chronic tinnitus
showed significant but only moderate effectiveness with high inter-individual variability in treatment
response. This study was designed to proof the feasibility of an individualized fronto-temporal rTMS
paradigm.
Methods
During the first session of our standard two-week rTMS setting we applied different protocols to the left
and right temporoparietal and dorsolateral prefrontal cortex (DLPFC) in 25 tinnitus patients. In each
protocol 200 pulses (except for 1Hz frequency containing 50 pulses) were applied at frequencies of
1Hz, 5Hz, 10Hz, 20Hz, cTBS, sham (continuous theta burst stimulation). Patients reporting immediate
tinnitus reduction were treated in an individualized manner applying a combined protocol consisting of
the most effective frontal and the most effective temporoparietal stimulation protocol. Those patients
who did not improve after the test session were treated with a standard fronto-temporoparietal
protocol.
Results
Almost half of the patients (12 out of 25) reported immediate tinnitus reduction in the test session. In
this group the mean pre-to-post-treatment amelioration in the tinnitus questionnaire was 8.6±8.9
whereas the improvement was only 1.5±8.5 in those patients who did not respond to the test session.
Treatment outcome remained stable over a follow-up period of ten weeks.
Discussion
Individualized rTMS was shown to be feasible and effective in chronic tinnitus and might provide a
basis for a “tailored” application of rTMS in tinnitus and other neuropsychiatric disorders.
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A proof-of-concept study on the combination of repetitive transcranial magnetic stimulation
and relaxation techniques in chronic tinnitus
*P. Kreuzer1, T. Poeppl1, J. Bulla2, W. Schlee1, A. Lehner1, B. Langguth1, M. Schecklmann1
1University of Regensburg, Psychiatry and Psychotherapy, Regensburg, Germany
2University of Bergen, Department of Mathematics, Bergen, Norway, Norway
Background
Interference of ongoing neuronal activity and brain stimulation motivated this study to prove the
concept of a combined treatment approach integrating repetitive transcranial magnetic stimulation
(rTMS) and relaxation techniques in patients with chronic tinnitus.
Methods
Forty-two patients received rTMS consisting of ten sessions of high-frequency left dorsolateral
prefrontal cortex followed by low-frequency left temporo-parietal cortex stimulation in this one-arm
proof-of-concept study. During low-frequency stimulation patients listened to different kinds of
relaxation audios selected according individual preferences (classical music; instructions to muscle or
breath relaxation, imaginary journey or hypnosis). Variables of interest were tinnitus questionnaires,
tinnitus numeric rating scales, depressivity, and quality of life. Results were compared to results of
historical control groups having received the same rTMS protocol (active control) and sham treatment
(placebo) without relaxation techniques.
Results
Drop-outs and adverse events were low. Responder rates (reduction in tinnitus questionnaire (TQ)
score by at least 5 points ten weeks after treatment) were 44.7% in the study, 27.8% in the active
control group, and 21.7% in the placebo group, differing between groups on a near-significant level.
Combination of rTMS and relaxation showed higher amelioration in the tinnitus handicap inventory
questionnaire (THI) in contrast to rTMS alone. Deepness of relaxation during rTMS and selection of
active relaxation vs. passive listening to music predicted larger reductions in the TQ-score. All
remaining secondary outcomes turned out non-significant.
Discussion
Combining rTMS and relaxation techniques has proven to be a safe, feasible and promising approach
to enhance rTMS treatment effects in chronic tinnitus.
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A clinical trial evaluating the effects of combined transcranial direct current stimulation and
alcohol approach bias retraining
*T. den Uyl1, T. Gladwin2, M. Rinck3, J. Lindenmeyer4, R. Wiers1
1University of Amsterdam, Psychology, Amsterdam, Netherlands
2Research Centre-Military Mental Health, Utrecht, Netherlands
3Radboud University Nijmegen, Behavioural Science Institute, Nijmegen, Netherlands
4Salus Klinik, Lindow, Germany
Introduction
In two large clinical studies alcohol approach bias retraining, in which patients learn to avoid alcohol
pictures (by pushing them with a joystick), has been found to be effective in reducing approach bias
and increasing treatment outcome for alcohol patients. This form of training is called Cognitive Bias
Modification (CBM). It is hypothesized that stimulation of the prefrontal cortex with transcranial direct
current stimulation (tDCS) may improve this training. TDCS is a technique with which a small electrical
current can be sent through the cortex, this is believed to influence neuronal polarization and increase
plasticity; and thus can possibly enhance learning effects. Also, anodal tDCS over the dorsolateral
prefrontal cortex (DLPFC) has been found to reduce craving for alcohol.
Objectives
This study investigated whether transcranial Direct Current Stimulation (tDCS) could enhance effects
of CBM on craving, approach bias, and relapse.
Materials & Method
One hundred alcohol-dependent inpatients (91 used for analysis) were randomized into 3
experimental groups in a double-blind parallel design. The experimental group received 4 sessions of
CBM while receiving 2 mA of anodal tDCS over the DLPFC. There were two control groups: One
received sham stimulation during training and one received active stimulation at a different moment in
time. Before and after the treatment sessions there was a pre and post assessment; outcome
measurements were alcohol approach bias (Approach Avoidance Task (AAT) & Implicit Association
Test (IAT)), craving (Penn Alcohol Craving Scale (PACS) and relapse.
Results
Craving and approach bias scores decreased over time, but there were no significant interactions with
experimental condition. There was an indication of a beneficial effect of tDCS on approach bias only
early in the training, from the first to second session. There was no effect on abstinence duration after
three months. However, relapse rates after one year were lower in the conditions that received active
stimulation.
Conclusion
The current study presents a novel combination of CBM and tDCS for treatment of alcohol
dependence. No strong evidence for a specific enhancement effect of tDCS on CBM was found.
However, tDCS irrespective of timing relative to CBM showed promising effects on treatment outcome.
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tACS in a rat model of focal demyelination
*P. Kunz1, C. Stadelmann-Nessler*2, W. Paulus*1
1University Medical Center Göttingen, Clinic for Clincal Neurophysiology, Göttingen, Germany
2University Medical Center Göttingen, Dep. of Neuropathology, Göttingen, Germany
Background
Multifocal demyelinated lesions in the brain and spinal cord are typical for the disease multiple
sclerosis (MS). During the disease course of the relapsing remitting form of MS, those demyelinated
lesions can show spontaneous remyelination. Unfortunately, the innate remyelination ability is very
limited and not able to counteract the demyelination completely.
Objective
In this regard, enhancing the endogenous repair processes could exert neuroprotective effects and
reduce axonal loss. Recent preclinical studies using electrical stimulation in neuronal cell cultures as
well as in rodent models of focally demyelinated peripheral nerves showed promising results. The
evaluation of certain effects of electrical stimulation on remyelination, cell migration and differentiation
in a focal rat model of cortical demyelination is of primary purpose.
Methods
Lewis rats were stereotactically injected with a myelin specific antibody in combination with mouse
complement to induce focal demyelinated lesions in the M1 region of the rat cortex. Application of 100
mA transcranial alternating current stimulation (tACS) in a 10 Hz fashion directly to the rat cranium
could modulate the remyelination process by increasing the number of oligodendrocyte precursor cells
(OPCs) and reduce axonal damage by enhanced clearance of ED-1 positive macrophages.
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Continuous thetaburst stimulation for the treatment of refractory epilepsy - Case report
*S. Carrette1,2, D. Klooster3,4, L. Nollet1, R. Duprat5, W. Staljanssens6, P. Van Mierlo6, A. Van Dycke7,
E. Carrette1,2, R. Raedt1,2, A. Meurs1,2, C. Baeken5, K. Vonck1,2, P. Boon1,2
1Ghent University Hospital, Neurology, Ghent, Belgium
2Ghent University, Laboratory for Clinical and Experimental Neurophysiology, Neurobiology and
Neuropsychology (LCEN3), Ghent, Belgium
3Eindhoven University of Technology, Eindhoven, Netherlands
4Kempenhaeghe Academic Center for Epileptology, Heeze, Netherlands
5Ghent University Hospital, Department of Psychiatry, Ghent, Belgium
6Ghent University, MEDISIP, Ghent, Belgium
7Sint-Jan General Hospital, Neurology, Bruges, Belgium
Introduction
Thetaburst stimulation (TBS) is a repetitive transcranial magnetic stimulation (rTMS) protocol that may
induce long lasting neuroplasticity. Continuous TBS (cTBS), a cortical excitability reducing protocol,
would be the stimulation protocol of choice for the treatment of epilepsy. The lower stimulation
intensity and number of pulses compared to conventional rTMS may imply superiority with regards to
safety, tolerability and applicability in the clinic.
Methods
Two patients with refractory focal epilepsy due to a low-grade tumor in the rolandic area were treated
with cTBS and followed-up for effect on seizure frequency and adverse effects. The stimulation
protocol consisted of 5 spaced cTBS trains (600 pulses/train, 80% resting motor threshold) during 4
consecutive days delivered over the ictal onset zone using online neuronavigation. Seizure frequency
was assessed over a 4 week baseline period, a 1 week treatment period and an 8 week follow-up
period.
Results
Patient 1 suffered from simple partial motor seizures (SPS), often leading to falls and post-ictal
paresis, and myoclonic seizures of the left leg. During baseline 3 SPS and 12 myoclonic seizures
occurred. In the first week following cTBS, the patient solely experienced isolated auras consisting of a
descending sensation towards the left leg. No SPS occurred. Thereafter, overall SPS frequency was
unchanged during follow-up, but the patient reported diminished seizure severity with regards to
duration, jerking and paresis. This gradually returned to baseline during follow-up. Notably, myoclonic
seizures were completely suppressed for a duration of 6 weeks.
Patient 2 suffered from frequent SPS with jerking of the right truncal muscles, spreading to the right
arm, head and less often the right leg. Sixteen SPS occurred during baseline, whereas the patient
remained seizure-free throughout the treatment week and 13 days thereafter, for a total of nearly three
weeks. Follow-up is ongoing at the moment of this report.
Stimulation with cTBS was well-tolerated and did not induce adverse effects in either of the patients.
Conclusion
This case report describes safety and potential anti-epileptic effects of cTBS. Both patients
experienced a period of diminished seizure frequency, for a duration of 3 to 6 weeks following a cTBS
treatment protocol.
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Effects of transcutaneous supraorbital nerve stimulation on Laser-Evoked Potentials and pain
perception in migraine patients and normal subjects
*E. Vecchio1, K. Ricci1, A. Montemurno1, M. de Tommaso1
1University of Bari Aldo Moro, Basic Medical Science, Neuroscience and Sense Organs, Bari, Italy
Introduction
Transcutaneous supraorbital nerve stimulation (tSNS) was found to be superior to sham stimulation for
episodic migraine prevention in a randomized trial [1]. It resulted to be a safe and well-tolerated
treatment. The tSNS’s mode of action in migraine is not known. In healthy volunteers, high-frequency
stimulation with the tSNS has acutely a sedative effect [2]. Whether this plays a role in chronically
treated migraine patients is not known, but it suggests that the stimulation can change central nervous
system activity.
Objective
In this study, we explored the effects of tSNS on objective pain and on evoked responses induced by
laser stimulation (LEPs).
Materials & methods
Seventeen patients and twenty-one controls were randomized to receive real or sham tSNS. Laser
Evoked potentials were recorded by stimulating the right hand and the right frontal zone in basal
condition (T0), during (T1) and after a single session of sham stimulation or tSNS (T2).
Results
We didn’t find significant acute changes in LEPs parameters (N1, N2-P2 amplitude and latency) and
pain perception among subjects during and after sham stimulation and after real stimulation.
Throughout real tSNS we found, in both migraine and control subjects, a significant reduction of N2-P2
but not of N1 amplitude of Evoked Potentials elicited from right front laser stimulation (p=0.002). This
reduction was not evident in T2 and for hand stimulation.
Conclusion
The absence of a significant effect on N1 component suggest a lack of pain perception inhibition from
A-Beta fibers activation induced by electrical stimulation. tSNS may have an indirect cognitive effect
on somatic afferents with a prevalent simultaneous and transient modulation.
References
[1] Schoenen J, Vandersmissen B, Jeangette S, Herroelen L, Vandenheede M, Gerard P, Magis D.
Migraine prevention with a supraorbital transcutaneous stimulator: a randomized controlled trial.
Neurology 2013;80(8):697-704.
[2] Piquet M, Balestra C, Sava SL, Schoenen JE. Supraorbital transcutaneous neurostimulation has
sedative effects in healthy subjects. BMC Neurol 2011;11:135.
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Disinhibition of motor cortex in post-stroke paresthesia
*C.- C. Chao 1, S.- T. Hsieh1, S.- C. Tang1, J.- S. Jeng1
1National Taiwan University Hospital, Neurology, Taipei, Taiwan, Province Of China
Pain or paresthesia is one of the major symptoms after stroke. Nonpharmacological treatments
including motor cortex electric stimulation or repetitive transcranial magnetic stimulation have been
applied to treat such symptoms. However, the underlying pathomechnism of post-stroke
pain/paresthesia, especially the excitability of motor cortex, has not been fully elucidated. Here we
enrolled thirteen patients (11 men, age 58.8 ± 9.0 years-old) with persistent post-stroke paresthesia or
pain but without motor weakness in the contralateral limbs (duration = 4.0 ± 4.9 years). The locations
of stroke were pontine, lateral medulla or thalamus. We investigated the short-interval intracortical
inhibition and the intracortical facilitation of the motor cortex in the stroke and healthy side of each
patient. Paired stimuli of short (3, 5 and 7 ms) and medium (10, 15 and 20 ms) interstimulus intervals
(ISI) were pseudo-randomly mixed with a single stimulus. The motor evoked potentials were recorded
from the first dorsal interosseous muscle. There was no difference in the rest motor threshold (p =
0.72). The intracortical inhibition at ISI of 3 ms were absent (p = 0.045), and there was significant
facilitation at ISI of 5, 7, 10, 15, 20 ms in stroke side (p < 0.05). On the contrary, there was significant
intracortical inhibition at ISI of 3 ms (p < 0.05), and there was a trend of inhibition at ISI of 5 ms (p =
0.087) and a trend of facilitation at ISI of 10 and 15 ms (p = 0.057 and 0.077 respectively) in the
healthy side. These findings suggested impairment of intracortical inhibition in the motor cortex of
stroke side in patients with post-stroke paresthesia or pain.
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rTMS in the treatment of orofacial pain
*J. Fricova1,2, R. Rokyta2
1General University Hospital, Pain Management, Prague 2, Czech Republic
2 Third Faculty of Medicine, Charles University in Prague, Physiology, Prague, Czech Republic
Introduction
In our previous experiments 10 Hz and 20 Hz rTMS stimulations were used for the treatment of
different types of orofacial pain. All patienst had drug resistant orofacial unilatelar neurogenic pain with
duration greater than one year. It was found out that 20 Hz rTMS stimulation is more effective than 10
Hz stimulation. In this experiment we tested the theta burst stimulation as anothet possible tool for
pain treatment.
Patients
23 patients with 20 Hz, 36 patients with 10 Hz stimulation and 19 patients with theta burst with chronic
orofacial pain participated in the study with pharmacotherapy resistant chronic facial pain (trigeminal
neuralgia, atypical orofacial pain, post-herpetic neuralgia, dental pain), aged 33-65 years (mean age =
50.7 yrs), with pain duration of at least 6 months.
Methods
We stimulated motorcortex area corresponding to the hand on painfull side. They underwent
quantitative sensory testing before and after the stimulation. The intensity of pain was evaluated in all
patients before, during and after rTMS or shame stimulation by means of a visual analogue scale
(VAS). Thermal and tactile sensory thresholds and allodynia as a consequence of orofacial pain were
measured. The intensity of pain was evaluated in all patients before, during and after rTMS or shame
stimulation by means of a visual analogue scale (VAS 0-10). Thermal sensory thresholds and
allodynia as a consequences of a neuropathic pain syndrome were measured. Tactile sensory
thresholds were measured by using monofilaments (von-Frey) increasing thickness on the affected
and nonaffected side.
Results
By using VAS measurement the theta burst stimulation was more effective than the shame stimulation.
The effect of theta burst stimulations was still observed 14 days after the stimulation.
Conclusion
During the measurement of thermic sensitivity, theta burst stimulation was not significantly improved.
The measurement of tactile stimulation was significantly effective after real burst stimulation if
compared with shame stimulation. Repetitive transcranial stimulation (rTMS) is non-invasive
neuromodulatory technigue that allows safe and painless stimulation of the brain cortex. High
frequency rTMS theta burst stimulation was more effective in the chronic orofacial pain and could
represent another possibility for the treatment of different types of orofacial pain.
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Abnormally low intracortical inhibition in dystonia with poor response to pallidal stimulation
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Neurology and Centre of Clinical Neuroscience, Prague, Czech Republic, Czech Republic
2Czech Technical University in Prague, Faculty of Biomedical Engineering, Prague, Czech Republic,
Czech Republic
3Third Faculty of Medicine and University Hospital Kralovske Vinohrady, Charles University in Prague,
Czech Republic, Department of Neurology, Prague, Czech Republic, Czech Republic
4Na Homolce hospital, Prague, Czech Republic, Department of neurosurgery, Prague, Czech
Republic, Czech Republic
5Na Homolce hospital, Prague, Czech Republic, Department of stereotactic and radiation
neurosurgery, Prague, Czech Republic, Czech Republic
Introduction
Pallidal stimulation (GPi DBS) is an effective treatment of dystonic syndromes with a relatively high
variability of clinical benefit. As patients with dystonia typically have a lower ability to suppress
unwanted movements, we expected a decreased intracortical inhibition of motor cortex, which can be
potentially reversed by GPi DBS.
Objectives
To distinguish between patients with dystonia according to the clinical outcome of GPi DBS using
short-latency intracortical inhibition (SICI) of the motor cortex assessed by paired transcranial
magnetic stimulation (TMS).
Patients & Methods
We examined 22 patients (mean age 51±17 years) with dystonia of various distribution and origin
treated by GPi DBS in different time intervals from implantation. Paired TMS with subthreshold
conditioning stimulus followed by a supratreshold testing stimulus 2.5 ms later were applied to the
motor cortex to elicit SICI in GPi DBS ON and GPi DBS OFF condition two hours later. The clinical
effect (CE) was expressed as a change in the dystonic score (Burke-Fahn-Marsden Dystonia rating
Scale or Toronto Western Spasmodic Torticollis Scale) between actual GPi DBS ON condition and the
preoperative state.
Results
The SICI was less effective in patients than in controls regardless of the ON and OFF conditions
(p<0.001)(Figure 1a). Non-responders (n=9; <25% CE) showed abnormally low SICI, partial
responders (n=5; 25%-50% CE) showed higher SICI and the highest SICI was in responders (n=8;
>50% CE, p<0.05)(Figure 1b). The MEP onset latency was shorter in patients in GPi DBS ON than in
OFF condition (p<0.001)(Figure 2a) and in addition, the shortest MEP onset latency was observed in
non-responders (p<0.001)(Figure 2b). There was no correlation of the SICI or MEP onset latency with
the position of the distal contact of the electrodes.
Conclusions
Our results suggest that the best responders to GPi DBS treatment exhibited a similar level of SICI as
in healthy controls. On the contrary, non-responders were unable to increase their reduced cortical
inhibition and effectively suppressed dystonic symptoms. We speculate that decreased intracortical
inhibition with abnormally fast transmission volley is underpinned by the poor complexity of the motor
network. Supported by the grant IGA MZ ČR NT12282-5/2011.
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Polarity-specific modulation of central pain processing by transcranial directcurrent
stimulation
*S. Naegel1, J. Biermann1, N. Theysohn2, H.- C. Diener1, M. Obermann1,3, D. Holle1
1University Duisburg-Essen, Dept. of Neurology, Essen, Germany
2University Duisburg-Essen, Institute Diagnostic and Interventional Radiology and Neuroradiology,
Essen, Germany
3Asklepios Hospitals Seesen, Center for Neurology, Seesen, Germany
Background
Transcutaneous direct current stimulation (tDCS) is a known tool for inducing changes in cortical
excitability influencing motor as cognitive functions. Previous studies suggest that application of tDCS
might be a therapeutic approach for pain disorders as well.
Objective
The aim of the study was to investigate pain-related changes in cerebral activation pattern and its
modulation by direct current stimulation.
Methods
Thirteen right-handed healthy participants received 20 minutes of tDCS applied over primary motor
cortex (M1) under three different conditions which are anodal-tDCS, cathodal-tDCS, and sham-tDCS
in a blinded cross-over design. Afterwards tDCS neural response to electric trigeminal pain stimulation
was investigated using a block designed fMRI. Between the three tDCS conditions a time interval of at
least 2 months was kept.
Results
All pain stimulation showed distinct activation pattern in the established brain areas of pain processing.
Following anodal tDCS increased activation was detected in different part of the pain processing
network including thalamus, basal ganglia, cingulate cortex, dorsolateral prefrontal cortex, and
amygdala while cathodal t-DCS showed decreased BOLD response in these pain processing areas.
Behavioral data were not changed irrespective of tDCS stimulation mode.
Discussion
Our study shows polarity-specific modulation of cerebral pain processing, which are in line with
previous electrophysiological data. Anodal tDCS leads to an increased activation of the central painnetwork compared to cathodal tDCS. Our results contribute to a network-based understanding of the
underlying mechanism in tDCS.
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Stage dependent alteration of cortical excitability in patients with hepatic encephalopathy
*S. J. Groiss1,2, M. Butz2, T. Baumgarten2, N.- D. Füllenbach3, D. Häussinger3, A. Schnitzler1,2
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3Heinrich-Heine University, Gastroenterology, Düsseldorf, Germany
Question
Altered cortical excitability is supposed to play a relevant role in the pathophysiology of hepatic
encephalopathy (HE). However, most data is based on animal studies and only limited data of patients
with HE is available. We therefore investigated cortical excitability in HE-patients at different disease
stages using transcranial magnetic stimulation.
Methods
In eleven patients with HE stage 1, ten patients with HE stage 2 and ten age matched healthy control
subjects several measures for cortical excitability of the primary motor cortex, i. e. motor threshold,
motor evoked potential recruitment curve (MEP-RC), short interval intracortical inhibition (SICI), long
interval intracortical inhibition, intracortical facilitation and short interval intracortical facilitation were
compared. The critical flicker frequency (CFF) was also measured as one marker of disease severity.
Results
In HE-patients the slope of the MEP-RC was shallower compared to healthy controls. Moreover SICI
was significantly reduced in HE stage 2 patients compared to healthy controls and a relevant
correlation between SICI and CFF was found. No differences were found in the other measures.
Conclusion
Our results suggest a disease stage dependent alteration of motor cortical and corticospinal
excitability in patients with HE.
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Acute treatment of migraine attacks using transcranial alternating stimulation at home
*R. Bischoff1, C. Stephani1, D. Czesnik1, C. Timäus1, W. Paulus1, A. Antal1
1Georg-August University, Department of Clinical Neurophysiology, University Medical Center,
Göttingen, Germany
Objective
Our study aimed to investigate the efficacy of low intensity high frequency transcranial alternating
current stimulation (tACS) that was suggested to decrease cortical excitability, as domicile acute
treatment option in patients with migraine.
Method
40 patients were recruited in this double-blind, placebo-controlled study and were assigned to receive
either active or sham stimulation. After the training in the clinic the patients were instructed to treat
maximum 5 migraine attacks during 8 weeks at home using a preprogrammed stimulator. The intensity
of the active stimulation was 0.4 mA and the frequency 140 Hz. The stimulation duration was 10 min
applied over the visual cortex, with the return electrode placed at the vertex. The primary endpoint of
the study was the number of terminated attacks 2 hours post-stimulation.
Results
25 patients completed the study, 15 in the acute and 10 in the sham group. Altogether 101 migraine
attacks were treated. In the active group the number of terminated migraine attacks were significantly
higher (19,7 %) than in the sham group (2,5 %) (without acute medication). Generally, the perceived
pain after acute stimulation was significantly less for 8 hours poststimulation, compared to the pain
values in the sham group.
Conclusion
Our results indicate that acute treatment with tACS over the visual cortex might be able to terminate
the migraine attacks, probably by modifying cortical excitability or oscillatory activity. However, the
high drop-out rate suggests that this method is might not be ready for home-application.
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The prevalence and functional relevance of ipsilateral and contralateral connections to the
proximal upper limb in chronic stroke survivors.
*U. Hammerbeck1
1University of Manchester, Faculty of Medical and Human Sciences, Manchester, Great Britain
Question
After stroke proximal upper limb muscles are innervated not only by contralateral but also by ipsilateral
connections. These connections can be probed by transcranial magnetic stimulation (TMS) but
whether these connections contribute to the functional recovery of upper limb movements is not clear.
Methods
We therefore established proximal upper limb muscle active motor evoked potentials (MEPs) when
delivering 20 stimulations to both the affected and unaffected hemisphere of 19 chronic stroke
survivors (mean age: 59 years, SD 10.2 years, 5 female, average onset since stroke 3 years 8
months,SD 2 year 4months) at 70% maximal TMS stimulator output (Magstim 200 squared device,
figure 8 coil). In addition, we measured each individuals Fugl-Meyer upper limb score, their endpoint
accuracy and movement speed when performing a reaching protocol in a robotic manipulandum and
proximal muscle power. Spearman and Pearson’s correlations were performed to assess correlations
of Fugl-Meyer scores and baseline endpoint accuracy respectively, with MEP measures on a subjectby-subject basis.
Results
When stimulating the affected hemisphere at 70%, active MEPs were evoked in the affected weak
upper limb in an average of 49% of stimulations. Responses were also seen in 19% of the stimulations
delivered to the unaffected hemisphere via the ipsilateral pathway. There was a clear correlation of the
presence of responses when stimulating the affected hemisphere and Fugl-Meyerscore (rho=.579, p
Conclusion
In summary the findings in our stroke population support previous studies showing that intact
corticospinal connections from the affected hemisphere are associated with good performance and
recovery. We further observe that ipsilateral responses from the unaffected hemisphere are more
common after stroke but that they are not correlated to function. Whether the relevance of these
connections could be altered by targeted interventions in the acute period after stroke, when
neuroplasticity is increased, should be further investigated.
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Therapeutic possibilities of repetitive magnetic stimulation at patients with various neurological
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3
National Medical-Surgical Center named by N. I. Pirogov, Neurology department, Moscow, Russian
Federation
4
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Introduction
Repetitive transcranial magnetic stimulation (rTMS) is a promising method in treatment of patients with
various neurological diseases not only transcranially, but also at other levels of the nervous system,
including peripheral. Currently, there are different protocols for the treatment of patients with neurological
disorders at the lumbar level, for the treatment of headache, central pain syndromes and other neurogenic
disorders.
Objective
Goal of this pilot study was to update and adapt existing protocols of rTMS for neurological patients.
Methods
Therapeutical magnetic stimulation was performed in order to restore lost function or for pain relief between
the two groups of observations: patients with the development of compression syndromes in the lumbar
level (12 patients) and chronic headache (7 patients) and in two patients with tremor-rigid form of
Parkinson's disease. To avoid terminological confusion, the abbreviation "rTMS" in this paper is applied on
the second group of patients and patients with Parkinson's disease; for the first group, the term "rTMS" is
replaced by the already adopted in the literature "rPMS" - rhythmic peripheral magnetic stimulation. After
studying international experience (Le Faucheur JP et al. Evidence-based guidelines on the therapeutic use
of repetitive transcranial magnetic stimulation (rTMS). Clin Neurophysiol 2014), for the first group of
patients, it was decided to carry out a rhythmic low frequency stimulation of the lumbosacral (L3-S1) region,
in the projection of the nerve structures, which caused motor deficit, sensory disorders, urinary retention. In
the second group was used low (less than 5 Hz) and high (5-15 Hz) frequency rTMS at the nape area and
left premotor area, respectively. Patients with Parkinson's disease carried out high-frequency (8-12 Hz)
RTMS to the left and right motor areas of the cerebral cortex (M1). For magnetic stimulation device was
used MagPro X100 («Medtronic», USA) equipped with a circular coil (mcf-125), in combination with
neurosensory analyzer «Viking IV» of «Nicolet» (USA) as a diagnostic system. Stimulation was carried at
rates of 5 to 15 sessions lasting 15-35 minutes, 1 time per day.
Results
In the first group of patients after rTMS course most of them (8 of 12) subjectively noted relief of the pain
syndrome. In more than 60% of cases the effect was persistent: 1.5 months after stimulation. In the second
group of patients it was shown that only low-frequency rTMS of cervical-occipital region was ineffective - for
5 sessions, there was no evidence of any significant changes in patient’s status. The positive effect of
reducing the intensity and duration of the headaches was noticed only after joining the high-frequency
stimulation of the left premotor area (approximately after 8 sessions), which grew progressively by the end
of therapy. During dynamic monitoring of patients with Parkinson's disease positive changes in the motor
functions were manifested by about 6-9 magnetic stimulation procedures (increase in muscle strength in the
limbs, improvement of the accuracy of movements and improvement of fine motor skills). Thus, these
results suggest a promising therapeutic application of rhythmical MS for patients in all represented groups,
but verification and refinement of the effects on a larger sample of observations are required.
Supported by grant RFBR # 15-29-08304
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tDCS effects over the left DLPFC versus the right PPC in multiple sclerosis fatigue
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Beirut, Lebanon
Background
Fatigue is a frequent and debilitating symptom in patients with multiple sclerosis (MS). Its classical
treatments are still faced with limited benefits and numerous side effects. Transcranial direct current
stimulation (tDCS) is a noninvasive brain stimulation technique currently investigated in treating MS
related symptoms.
Objective
The primary objective of this study was to evaluate the tDCS effects on MS fatigue. The secondary
outcomes included the assessment of its effects on mood and attention symptoms, commonly
encountered in MS.
Methods
10 fatigued MS patients were enrolled in a double-blind, sham-controlled, and cross-over study. Each
patient randomly received three anodal tDCS blocks: active stimulation over the left dorsolateral
prefrontal cortex (DLPFC), active stimulation of the right posterior parietal cortex (PPC), and sham
stimulation over either cortical site. To note, both cortical targets are key components in MS fatigue
networks. tDCS blocks consisted of five consecutive daily sessions and were held apart by a washout
interval of three weeks.
Results
Only active left DLPFC stimulation significantly ameliorated fatigue. Mood improvement was
exclusively obtained following active right PPC stimulation. Neither intervention had effects on
attention.
Conclusion
This small-scale study supports the role of left prefrontal anodal tDCS in treating MS fatigue. The lack
of effects on attention might be related to the heterogeneity of the studied cohort, the relatively small
sample size, the adapted stimulation parameters and the short protocol duration.
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Non-invasive brain Stimulation: A hope for relieving multiple sclerosis symptoms?
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Background
In the last few years, transcranial direct current stimulation (tDCS) has emerged as an appealing
therapeutic option to improve brain functions. The use of prefrontal tDCS has yielded promising data
regarding its ability to augment cognitive performance and ameliorate several neuropsychiatric
symptoms, namely pain, fatigue and mood disturbances. Such symptoms are commonly encountered
in patients with multiple sclerosis (MS). In particular, they could suffer from chronic pain which would
disturb their attentional capacity.
Objective
In the current work, our main objective was to evaluate the tDCS effects over the left dorsolateral
prefrontal cortex on pain in MS patients. Our secondary outcomes were to study its influence on
attention, fatigue and mood.
Methods
MS patients with chronic neuropathic pain were enrolled in a randomized, sham-controlled, and crossover study. Patients randomly received two anodal tDCS blocks (active or sham), each consisting of
three consecutive daily tDCS sessions, and held apart by three weeks. Evaluations took place before
and after each block, and consisted of pain, mood and fatigue scales; an attentional task, and
neurophysiological measures.
Results
Compared to sham, active tDCS yielded significant analgesic effects. There were no effects of any
block on mood, fatigue or attention.
Conclusion
Our data are in line with other studies and shed the light over the prefrontal tDCS efficacy in reducing
MS-related neuropathic pain. However, contrarily to previous trials, attention, mood and fatigue were
not improved in our MS group. This controversy could be attributed to several factors, particularly the
small sample size, the heterogeneity of our cohort and the short duration of our protocol. Hence, future
large-scale studies addressing all these limitations are highly needed before drawing any conclusion.
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Transcranial direct current stimulation in schizophrenia: a systemic review and meta-analysis
*T. Y. Lee1, I. Y. Ahn1, J. S. Kwon1
1Seoul National University Hospital, Seoul, South Korea
Transcranial direct current stimulation (tDCS) has been proposed as a novel treatment options for in
patients with schizophrenia. Several studies have investigate regarding the efficacy of tDCS
intervention, but results were inconsistent. Therefore, meta-analytic conclusion is needed to evaluate
the clinical outcomes of this new intervention. Oline literature retrieval was conducted using Pubmed,
Web of Science and Cochrane Central Register of Controlled Trials databases from January 2003 to
April 2016. Key words were “tDCS”, “transcranial direct current stimulation”, and “schizophrenia”. Six
sham controlled trials and 8 open trials addressing tDCS for treatment of schizophrenia were
screened. We will investigate the pooled effect size of tDCS on schizophrenia and elaborate the
effectiveness of tDCS as a novel treatment option.
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Aberrant temporal behavior of discrete mismatch negativity generators in patients with
schizophrenia and subjects at clinical high risk for psychosis
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Background
Mismatch negativity (MMN) multiple generators in healthy subjects have been shown separate time
behaviors which suggests functional connections between MMN related brain regions. Although
disconnection has been thought as a core pathophysiologic mechanism of schizophrenia, little is
known about the temporal association of MMN multiple generators in schizophrenia and prodromal
psychosis. Thus, we aimed to investigate disruptions in pre-attentive level functional connectivity in
patients with schizophrenia and subjects at clinical high risk (CHR) for psychosis.
Methods
Duration-deviant MMN were assessed in 29 schizophrenia patients, 40 CHR subjects, and 47 healthy
controls (HCs). Individual realistic head model, incorporating anatomical data from personal magnetic
resonance image, was constructed. Minimum L2 norm algorithm was used to generate current source
density (CSD) model of MMN response over time. The strength of MMN CSD and its time course were
calculated separately for frontal and temporal cortices, then were compared across brain regions and
groups.
Results
Schizophrenia patients and CHR subjects presented reduced MMN CSD strengths compared to HCs
not only in the temporal cortex but also in the frontal cortex. We also found significant time delay of
frontal generator activity relative to temporal generator activity in HCs. However, those temporo-frontal
sequential activities of MMN generators were disrupted in both schizophrenia and CHR groups.
Conclusions
There were generator impairments and functional disconnection in MMN related brain regions even
prior to the onset of psychosis. From these results, we suggest that aberrant MMN generator activity
might be helpful in revealing schizophrenia pathophysiology.
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Influence of Transcranial Direct Current Stimulation on Electrophysiological and Behavioral
Correlates of Cognitive Fatigue in Multiple Sclerosis
*M. Fiene1, H.-J. Heinze1, S. Vielhaber1, T. Zaehle1
1Otto-von-Guericke University Magdeburg, Department of Neurology, Magdeburg
Introduction: Cognitive fatigue is one of the most common and difficult to treat symptoms affecting
patients with Multiple Sclerosis (MS). Previous studies suggested structural and functional
abnormalities in the frontal cortex, especially a frontal hypo-activation, as a possible substrate for
fatigue. Fatigue severity can be quantified by prolonged reaction times (RT) in alertness tests
accompanied by lower amplitudes of the P300 event-related potential.
Objectives: In the present study we investigated whether neuromodulation of the left dorsolateral
prefrontal cortex (DLPFC) by means of transcranial direct current stimulation (tDCS) has influence
on electrophysiological and behavioral correlates of cognitive fatigue in MS.
Materials and Methods: 15 MS patients with cognitive fatigue symptoms were enrolled in the study.
In two sessions they were either stimulated with anodal tDCS (1.5 mA, 25 min) or sham
stimulation over the left DLPFC. To assess fatigue severity, P300 during an auditory oddball task
and performance on a simple reaction time test were recorded at baseline, during and after
stimulation.
Results: Analysis revealed a significant stimulation effect on the P300 component. Compared to
baseline, anodal but not sham tDCS caused an increase in P300 amplitude that persisted after the
end of stimulation. In addition, anodal tDCS significantly attenuated the fatigue-related increase in
RT over the course of a testing session.
Conclusion: Our findings demonstrate that a single dose of anodal tDCS over the left DLPFC has
positive effects on electrophysiological and behavioral correlates of cognitive fatigue. In accordance
with previous studies that showed a subjective fatigue relief by repeated stimulation sessions, our
findings give important insight into the potential underlying mode of action of tDCS. The results
provide causal evidence for a functional relevance of the left DLPFC in the pathogenesis of cognitive
fatigue and show that tDCS-induced modulations of frontal activity can be a promising therapeutic
option for the treatment of MS-related fatigue.

119

P317
Transcranial direct current stimulation combined with visuo-motor training as treatment
for chronic stroke patients
*E. Pavlova1, P. Lindberg2, A. Khan1, S. Ruschowski1, M. Nitsche3, J. Borg1
1Karolinska Inst, Stockholm
2Centre of psychiatry and neuroscience, Paris
3Leibniz Research Center for Working Enviroment, Dortmund
Recent studies exploring the combined effect of motor learning and transcranial direct current
stimulation (tDCS) have shown conflicting results. The optimization of the employed training
paradigms can be one way to maximize treatment effects.
Methods. A newly developed visuo-motor force tracking task is directed to the improvement of fine
force control in the hand. During the task, a target force is presented on a computer screen and
controlled by patients by pressing a power grip force manipulandum with the affected hand.
In the present pilot study we investigated motor effects of four-week training with the visuo-motor
force tracking task combined with tDCS in 11 chronic stroke patients with different levels of
paresis. Anodal (0.5 mA; 5 patients) or sham (6 patients) tDCS was applied on the primary motor
cortex (M1) of the lesioned side for 20 minutes twice a day simultaneously with training.Upper
Extremity Fugl-Meyer assessment (FMA; the primary outcome measure) was done before, after
and on two months follow-up. Parameters of performance – ramp error, hold error, release duration
and mean hold force – were calculated.
Results. Total UE FMA score was significantly increased immediately after the treatment, but had
declined at two months follow-up. The most prominent improvement occurred in the shoulderelbow su
b-score of the FMA; in this segment (but not in the total UE FMA score) a significantly
greater improvement in the Active compared to the Sham group was observed (figure 1). A
clinically significant improvement (FMA>5) was revealed in four patients out of five in the Active
group and in two out of six – in the Sham group. Hold error decreased significantly in all patients;
ramp error – in the Active group. Mean Hold Force during the first treatment session predicted the
change in total UE FMA score after treatment (figure 2).
Conclusions. The results show that this treatment protocol can result in clinically significant
improvement of motor function in chronic stroke patients, including patients with severe paresis.
Individual clinical characteristics of the patients could explain heterogeneity of results and lack of
difference in the total UE FMA score. Performance during the initial session might inform about
clinical outcomes and guide tDCS protocol optimization in future combined treatments.
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Time-varying coupling of EEG oscillations predicts excitability fluctuations in the primary
motor cortex as reflected by motor evoked potentials amplitude: An EEG-TMS study
*F. Vecchio1, F. Ferreri2, F. Miraglia1, D. Ponzo2, P. M. Rossini1,3
1IRCCS San Raffaele Pisana, Brain Connectivity Laboratory, Rome, Italy
2University Campus Biomedico, Department of Neurology, Rome, Italy, Italy
3Catholic University, Department of Neurology, Rome, Italy
Introduction
Motor evoked potentials (MEPs) elicited by a train of consecutive, individual transcranial magnetic
stimuli demonstrate fluctuations in amplitude with respect to time when recorded from a relaxed
muscle. The influence of time-varying, instantaneous modifications of the electroencephalography
(EEG) properties immediately preceding the transcranial magnetic stimulation (TMS) has rarely been
explored.
Objective
The aim of this study was to investigate the influence of the pre-TMS motor cortex and related areas
EEG profile on time variants of the MEPs amplitude.
Materials & Methods
MRI-navigated TMS and multichannel TMS-compatible EEG devices were used. For each
experimental subject, posthoc analysis of the MEPs amplitude that was based on the 50th percentile
of the MEPs amplitude distribution provided two subgroups corresponding to “high” (large amplitude)
and “low” (small amplitude). The pre-stimulus EEG characteristics (coherence and spectral profile)
from the motor cortex and related areas were analyzed separately for the “high” and “low” MEPs and
were then compared.
Results
On the stimulated hemisphere, EEG coupling was observed more often in the high compared to the
low MEP trials. Moreover, a paradigmatic pattern in which TMS was able to lead to significantly larger
MEPs was found when the EEG of the stimulated motor cortex was coupled in the beta 2 band with
the ipsilateral prefrontal cortex and in the delta band with the bilateral centro-parietal-occipital cortices.
Conclusions
This data provide evidence for a statistically significant influence of time-varying and spatially
patterned synchronization of EEG rhythms in determining cortical excitability, namely motor cortex
excitability in response to TMS.
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A beagle model for understanding tDCS effects
*J. Been1, D. Kim1, H. Seo1, S. C. Jun1
1Gwangju Institute of Science and Technology(GIST), School of Electrical Engineering and Computer
Science, Gwangju, South Korea
Introduction
To characterize the efficacy of transcranial direct current stimulation (tDCS), various methods have
been performed; particularly, the animal studies have conducted to investigate the behavioral or
physiological effects of tDCS. A cost-effective computational study may demonstrate the detailed
mechanism of tDCS by computing the stimulus-induced electric field (EF) distributions in the brain.
Objective
For better understanding on animal tDCS study, we constructed 3D finite element model in beagle and
estimated the effects of tDCS under the similar experimental condition. We computed distributions of
EF/current density (CD) in beagle brain and investigated the other factors which may be hardly
observed in the animal study.
Materials & Methods
In the animal study, a healthy male beagle (15-16 months old and 15.5kg) received anodal tDCS (1
mA; 15min) and then the electric potential was measured by electrocorticography electrodes attached
directly on the left lateral gyrus (LG). Two pad-type electrodes (1cm X 1cm) were attached at the left
prefrontal area (anode) and left occipital area (cathode). To mimic this animal study, we constructed
the computational model using CT and MRI of the beagle used in the animal study. In tissue
segmentation, we used a digital atlas of the beagle [2] and Seg3D (www.seg3d.org). 3D tetrahedron
meshes were generated using iso2mesh (Fig. 1). The CD distributions were computed by finite
element method.
Results
The left prefrontal and left parietal cortices were affected intensively by induced EF since anode and
cathode electrodes were placed closely on those regions, as shown in Fig. 2 (a). We observed that the
left LG was also stimulated more than the right LG. In Fig 2. (b), we observed that considerable
current flowed along the scalp due to the lowest electrical property of the skull. We understand that
some fractional current penetrated the skull properly stimulated the frontal cortex and upper side of the
brain.
Conclusion
As a following animal study, we developed the computational model on beagle. We investigated the
effects of tDCS in terms of distribution of CD. In the future, comparison between empirical and
computational results will be conducted; we expect that this will be greatly helpful in understanding on
mechanism of tDCS effects in the animal study.
Acknowledgement
This work was supported by the GTI Project through a grant provided by GIST in 2016.
Reference
Datta, Abhishek, 2011 Brain stimulation 4.3 169-174.
Datta, Ritobrato, 2012 PLoS One 7.12 e52140.
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In-vivo estimation of head conductivities frequency response with IES and SEEG-EEG
*H. Altakroury1, L. Koessler1, J. Hofmanis1, V. Louis-Dorr1
1CRAN UMR CNRS 7039, ENSEM Université de Lorraine, Vandoeuvre, France
Question
The objective of this research is to see whether the estimated conductivities using Intracerebral
Electrical Stimulations (IES) in a FEM head model change with different stimulation frequencies.
Method
In this study, the estimation of in-vivo conductivities, as shown in Fig.1, was performed by minimizing
the Relative Difference Measurement (RDM) equation that compares the distribution of the SEEG (and
the EEG) potentials resulted from IES with the distribution of the simulated potentials. The simulated
potentials are represented by the generated potentials from a homogenous and isotropic fivecompartment FEM head model using a simulated IES source. These five compartments are: Scalp,
Skull, Cerebrospinal Fluid (CSF), Gray Matter (GM) and White Matter (WM), and their initial
conductivities before optimization were set to: 0.33, 0.008, 1.79, 0.33 and 0.14 S/m respectively. The
resulted signals from twelve different bipolar square current stimulations of frequency 55 Hz were
considered from about 120 SEEG (and EEG) electrodes. For each stimulation, the main frequency
component (55 Hz) and its 1st and 2nd harmonics (110 Hz and 165 Hz) were considered.
Results
It is clear from Fig.2 that the average estimated conductivities and their variances change with the
frequency. Moreover, the different values of variances, shown in Fig.2, can be explained by the
difference in the stimulation positions and the signal-to-noise ratio. The introduction of EEG
measurements increases the variance certainly because EEG measurements are subjected artifacts
of exogenous sources. Even though the variance is large, the trends of the averages are preserved
with or without EEG measurements.
Conclusion
The results show differences in the estimation of conductivity according to the frequencies and the
matters. However, it is necessary to remain careful on interpretation of these preliminary results
because a capacitive effect can be generated in the interface between the stimulation electrode and
the cerebral mediums even if the frequencies are low.
Figure 1
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Modeling the effect of phase-triggered transcranial magnetic stimulation on cortical excitability
*N. Schaworonkow1, J. Triesch1
1Frankfurt Institute for Advanced Studies, Frankfurt am Main, Germany
Introduction
Responses to transcranial magnetic stimulation show large variability, between subjects as well as
within subject between trials. Can the nature of this variability be explained by the prominent
oscillatory cortical rhythms, such as the mu-rhythm? Several studies show a dependency of TMS
response to phase at stimulation onset [1,2,3].
Objectives
Our previous network model [4] displays several characteristics of D&I-waves, but was without
background activity. Can we see a phase-dependency, when introducing oscillatory background
activity and triggering a TMS pulse at specified phases (as possible in an online TMS-EEG setup)?
Materials & Methods
The model consists of a network of a multicompartmental layer 5 cell and 300 excitatory and inhibitory
layer 2/3 point neurons with feedforward projections onto the L5 cell. For the model output, L5 activity
of 250 simulated subnetworks is pooled. The L2/3 cells receive input from a sine wave modulated
poisson process. TMS is modelled as a current injection into the L2/3 soma and L5 axon. TMS pulse
onset was varied with respect to phase of L2/3 background activity.
Results
The model shows a clear modulation of L5 firing rate depending on the phase at which the TMS pulse
is applied (Fig.1), as well as an systematic effect on amplitude and number of I-waves. The largest
response can be elicited when applying the pulse in a phase when the L5 neurons are in a
depolarized state, with the difference between peak and trough response regulated by stimulation
intensity.
Conclusion
The network model extended with oscillatory spontaneous activity displays phase-dependency of
TMS-response and can parsimoniously explain how the mu-rhythm contributes to the variability of
TMS effects.
[1] Dugué, L, Marque, P, VanRullen, R (2011). The phase of ongoing oscillations mediates the causal
relation between brain excitation and visual perception.J Neurosci,31(33), 11889-93.
[2] Kundu, B, Johnson, JS, Postle, BR (2014). Pre-stimulation phase predicts the TMS-evoked
response.J Neurophysiol, (2008), 1885-93.
[3] Triesch, J, Zrenner, C, Ziemann, U (2015). Modeling TMS-induced I-waves in human motor cortex.
Prog Brain Res (222), 105-124.
[4] Rusu, CV, Murakami, M, Ziemann, U, Triesch, J (2014). A model of TMS-induced I-waves in motor
cortex.Brain Stimul,7(3), 401-414.
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Electroconvulsive Therapy Induced Hippocampal Electric Field Strength and Structural
Plasticity
*Z.- D. Deng1, C. Abbott2
1Duke University, Psychiatry and Behavioral Sciences, Durham, United States
2University of New Mexico, Albuquerque, New Mexico, United States
Introduction
Recent neuroimaging investigations of electroconvulsive therapy (ECT) in patients with severe
treatment-resistant depression suggest that ECT-induced neuroplasticity of the hippocampus is related
to improved clinical response. The relationship between stimulus dose, particularly the pulse current
amplitude, with structural plasticity of the hippocampus induced by ECT remains unknown.
Objectives
To assess the relationship between ECT induced electric field strength and volumetric changes in the
hippocampus.
Patients & Methods
The study was approved by the Human Research Protections Office at the University of New Mexico.
Fifteen depressed patients (age 55-78) were referred for ECT. Ultrabrief pulse right unilateral ECT was
performed using a Thymatron System IV (n = 10, pulse amplitude = 900 mA, pulse width = 0.25 ms;
Somatics LLC, Lake Bluff, IL) or a MECTA Spectrum 5000Q (pulse amplitude = 700 mA (n = 2) and
500 mA (n = 3), pulse width = 0.3 ms; MECTA Corp., Tualatin, OR) both delivering stimulation at sixtimes seizure threshold. The patients underwent neuroimaging within 2 days of starting ECT, and > 5
days after the ECT treatment course. High resolution T1-weighted structural MRI were collected on a
3T Siemens Trio scanner. Baseline MRIs were segmented into white matter, gray matter,
cerebrospinal fluid, skull, scalp using SPM 12. The volumes defining the head tissues and the
attached electrodes were meshed into finite elements using the Simpleware ScanIP and ScanCAD
modules. Tissue electrical conductivity and permittivity values were derived from the literature. The
electric field was computed using COMSOL Multiphysics. Hippocampus segmentation and volume
changes were computed using FreeSurfer.
Results
In a generalized linear model, ECT pulse amplitude is correlated with the induced electric field strength
in the right hippocampus (p < 0.01). Adjusted for age and sex, the right hippocampal electric field
strength is correlated with the change in the right hippocampal volume (p = 0.01). This relationship
was not evident in the left hemisphere. Figure 1 shows the scatterplot of volume change with mean
electric field strength and unadjusted regression lines for the left and right hippocampus.
Conclusion
ECT elicited structural plasticity is a function of stimulus strength. Computational electric field models
can be helpful in guiding stimulus dosing in ECT.
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Fundamental limitations of focal transcranial weak current stimulation
*G. Saturnino1,2, H. Siebner1,3, K. Madsen1,4, A. Thielscher1,2,5
1 Copenhagen University Hospital Hvidovre, Danish Research Centre for Magnetic Resonance,
Hvidovre, Denmark
2Technical University of Denmark, Center for Magnetic Resonance, Kgs. Lyngby, Denmark
3Copenhagen University Hospital Bispebjerg, Department of Neurology, Bispebjerg, Denmark
4Technical University of Denmark, DTU Compute, Kgs. Lyngby, Denmark
5Max Planck Institute for Biological Cybernetics, Tübingen, Denmark
Introduction
Transcranial weak current stimulation (tCS) are a range of brain stimulation methods in which current
is applied to the brain through surface electrodes mounted on the scalp, with the goal of promoting
cortical excitability in a certain brain region. However, electric fields are governed by the Laplace
equation, which result in physical constraints on how the electric field will be distributed in the tissue
and to which extent its distribution can be controlled by manipulation of the external electrode
configuration and applied current strengths.
Methods
In order to assess the inherent limits on tCS focality, we set up various constrained optimization
problems to find electrode positions and current combinations which maximize either the field strength
at a selected target or stimulation focality, while keeping the injected current within safe limits.
Simulations were performed in both simple 3-layered spherical models as well as realistic head
models, generated by the SimNIBS package (www.simnibs.org)
Results
The human head can be approximated as a piecewise-constant conductor, with constant conductivity
in each tissue and boundaries between tissues. In such a conductor, it can be shown that due to the
inherent properties of the Laplace equation, the maximal electrical field in any of the constant
conductivity domains must be in its boundaries. This means that focal stimulation of deep cortical
targets is not feasible under normal circumstances. Also, for limited amounts of current, our
optimization results show that there is a natural trade-off between field focality and intensity at a target
in tCS. That is, if we optimize the stimulation so that it is maximally focal, intensity at the target is lost,
and vice versa.
Conclusion
While optimization procedures can substantially improve tCS targeting in terms of focality, the electric
fields produced by those techniques are inherently subject to physical constraints, which
fundamentally limit the the focality and selectivity of stimulation, in particular for deeper targets.
Figure
Optimized electrode montages for targeting the left handknob tangentially to the inner skull. From left
to right: Decreasing electric field focality, while increasing intensity at the target. It can be seen that, if
one wishes a greater intensity at the target, the focality of the field is compromised.
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Transcranial electric stimulation guided by dipole forward simulation
*A. Hunold1, K. Schellhorn2, J. Haueisen1,3
1Technische Universität Ilmenau, Institute of Biomedical Engineering and Informatics, Ilmenau,
Germany
2neuroCare Group GmbH, Munich, Germany
3University Clinic Jena, Biomagnetic Center, Jena, Germany
Introduction
Transcranial electric stimulation (TES) is a non-invasive technique driving small currents from laminar
electrodes to the brain eliciting modulation of neuronal activity. Applications of TES in therapy of
neurological and psychiatric disorders or neuroscience require implementations of focused TES to
target single specific brain areas or a specific node in a functional brain network.
Objectives
Aiming at such specific TES stimulations, we introduce a new technique based on the idea of
reciprocity, where targeted TES is guided by resampling electric field features originating from an
electric current dipole in the target area.
Materials & Methods
We derived a five compartment finite element method head model from a magnetic resonance imaging
dataset. Electrode patches of 4 cm by 4 cm at 19 positions according standard EEG positions
completed the computation model. We computed the current density in the brain and the electric
scalar potential on the scalp surface of a volunteer produced by a dipole in the target area. The
resulting minima of the current density distribution were used to guide a TES setup. The maximum and
minimum of the potential on the scalp surface served for polarity selection of the TES electrodes. We
compare our results to those obtained with a distributed beam former TES simulation for the same
target area.
Results
The TES setup targeting the position of a dipole located in the left hand knob and oriented in anteriorposterior direction involved the electrodes at positions C3 and Pz as anode and cathode. Our new
method produced a current density distribution in the brain with the maximum at the target area. The
orientation of the current density vector in the target location deviated 39 degree from the orientation
of the initially simulated dipole. The current density magnitude in the target location was 0.03 A/m for
the bipolar TES setup with an applied current strength of 1 mA. The beam former TES produced the
maximum of the current density in a brain area inferior to the target area. For the beam former TES,
the orientation of the current density vector in the target location coincided with the orientation of the
initially simulated dipole and the magnitude in the target location was 0.01 A/m.
Conclusion
Our new approach for targeted TES is simple to implement and might be used with other forward
solvers. Due to its simplicity, it can guide future clinical and basic research TES studies.
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The functional anatomy of creativity does not involve the cerebellum
*R. Ferrucci1,2, F. Ruggiero1, M. Fumagalli1, M. Vergari1, F. Cortese1,3, F. Mameli1, T. Bocci1,4, A.
Lavazza5, A. Priori1,2,6
1Fondazione IRCCS Ca' Granda, Milan, Italy
2Università degli Studi di Milano, Milan, Italy
3Sapienza Università di Roma, Rome, Italy
4Università degli Studi di Pisa, Pisa, Italy
5Centro Universitario Internazionale, Arezzo, Italy
6III Clinica Neurologica Polo Ospedaliero San Paolo, Milan, Italy
Introduction
Creativity is the ability to come up with new, original solutions to problems. There are two basic ways
we can think about the possible solution. These two types of thinking are called divergent thinking,
when multiple related ideas for a given topic or solutions to a problem are generated, and convergent
thinking that involves finding the one “right” solution to a problem [1]. Though several brain areas are
activated during creativity process, it is unknown whether and how subcortical structures are also
involved [2].
Objectives
We investigated whether convergent and divergent thinking can be modulated by cerebellar
transcranial direct current stimulation (tDCS) [3].
Materials & Methods
15 healthy subjects (aged 25-30; 9 female and 6 male) were recruited. We delivered anodal cerebellar
tDCS (2mA, 20 minutes) (n=8) and sham tDCS (n=7). In each session, Remote Associates Task
(RAT) was administered before (baseline T0) and after tDCS (T1) while Divergent Thinking Test (DTT)
was administered during stimulation. Non parametric test was used to analize the data.
Results
Anodal cerebellar tDCS and sham tDCS failed to induce significant changes in all tasks ([mean±SEM]
Anodal vs Sham: RAT 0.75±0.64 vs 0.71±0.86, p=0.9; DDT 78.19±2.13 vs 80.33±5.9, p= 0.53)
Conclusion
We did not observe creativity modulation with cerebellar tDCS. Because previous studies reported that
hemispheric tDCS modulated creativity, we can conclude that the cerebellum in not involved in
creativity at least in the task we tested.
References
[1] Guilford JP. Am Psychol. 1950;5:444-54.
[2] Jung et al. Front Hum Neurosci. 2013; 7: 330.
[3] Ferrucci R, Priori A. Neuroimage. 2014 15;85 3:918-23
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Method for continuous multichannel measurement of impedance at the auricular sites
innervated by various cranial nerves
*T. Usichenko1,2, D. Gogola3, T. Dermek3, M. Teplan
1McMaster University, Anesthesia, Hamilton, Canada
2University Medicine of Greifswald, Anesthesiology, Greifswald, Canada
3Slovak Academy of Sciences, Institute of Measurement Science, Bratislava, Slovakia
Question
External auricule receives afferent supply via vagal, trigeminal and cervical nerves [1]. Reduced
impedance of the auricular sites innervated by vagal and trigeminal nerves is associated with pain and
malfunction of internal organs [2,3]. The aim was to develop the robust method for continuous
measurement of skin impedance at the sites of auricle, supplied by various cranial nerves.
Methods
Multichannel device for continuous impedance measurement, based on Atmel ATmega16
microprocessor with 1 kHz of probing alternating current frequency was controlled using Matlab
environment via USB port. The device measures voltage difference between the reference electrode
(right forearm) and the sites of interest (innervation areas of cranial nerves) and transforms the voltage
values into impedance using the calibration measurements of known resistances. Surface ECG and
stainless steel needle electrodes were used at the sites of interest on the right auricles of healthy
volunteers. Impedance monitoring was performed at rest and under the heat pain stimuli, delivered via
CHEPS thermode (MEDOC analyser, Israel).
Results
Reproducible stable data with the voltage of 1 V, current values of 100 µA and impedance around 10
kΩ were acquired (Fig. 1), whereas invasive measurement yielded less variable data than noninvasive procedure. Heat pain stimulation led to differential reduction of the impedance in the sites of
cranial nerve innervation (Fig. 2), whereas the decreased impedance recovered to the baseline values
(Fig. 2).
Conclusions
The multichannel continuous measurement of impedance at the external auricle was feasible. Further
investigations are warranted to clarify the differential impedance response from the auricular sites in
healthy subjects under stress challenge and patients.
References
[1] Peuker & Filler. Clin Anatomy 2002;15:35-7.
[2] Oleson et al. Pain 1980;8:217-29.
[3] Saku et al. Clin Cardiol 1993;16:415-9.
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Figure 1: Sample of the impedance monitoring using invasive (I) and non-invasive (NI) electrodes at
the auricular sites and forearm of healthy male volunteer during resting period.

Figure 2: Sample of the impedance monitoring using invasive electrodes at the auricular sites of
healthy male volunteer during heat pain stimulation (vertical line).
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Electric
Field
Distribution
in
the
Lumbar
Spinal
Cord
during Trans-Spinal Magnetic Stimulation
*S. R. Fernandes1,2, R. Salvador1, C. Wenger1, M. de Carvalho2, P. C. Miranda1
1Institute of Biophysics and Biomedical Engineering, Faculdade de Ciências, Universidade de Lisboa,
Lisboa, Portugal
2Institute of Molecular Medicine, Faculdade de Medicina, Universidade de Lisboa, Lisboa, Portugal
Introduction
Magnetic stimulation (MS) of the peripheral and central nervous system has driven an increasing
clinical interest since the 1980's. Modelling studies of the electric field (E-field) distributions and
neuron mathematical models contributed to understand the physical effects underlying MS
mechanisms. These results can improve coil design and optimize clinical protocols [1].
Objectives
The main objective of this study is to calculate the E-field distribution in the lumbar spinal cord (SC)
during spinal MS, for clinical applications.
Methods
A
realistic
MRI-based
human
model
was
built
using
the
MIMICS
software
(v16,http://www.materialise.com/mimics). Calculations of the primary E-field were performed with
MATLAB (version 2015b, www.mathworks.com) and the secondary E-field with COMSOL Multiphysics
(version 4.3b,www.comsol.com). The figure-8 coil was based on Magstim’s double 70 mm model and
its vertex was located over the T12 spinous process. Two orientations were considered for the coil:
PA, postero-anterior; LR, left-right. In the calculation, the time derivative of the current in the coil was
set to 61.6 A/(micro s).
Results
Figures 1 and 2 show the E-field’s magnitude distribution in the spinal white matter (WM) and grey
matter (GM) for PA and LR configurations. For the PA configuration, maximum values of 26.0 and 21.9
V/m are reached in the lumbo-sacral WM and GM, respectively. The E-field is oriented along the
caudal-rostral direction. For the LR model, the lower lumbar and sacral SC show the highest values,
reaching 15.2 and 11.8 V/m in the WM and GM, respectively. The E-field is oriented along the mediallateral direction in this region.
Conclusion
MS of the SC has an E-field magnitude < 100 V/m, not sufficient for stimulating excitable nervous
tissue. A different geometry and settings of the magnetic coil may be required for lumbar SC
excitation. The two configurations present different E-field directions, which could be useful for specific
clinical purposes.
References
[1] R Salvador, S Silva, PJ Basser, and PC Miranda, Clin. Neurophysiol., 122: 748-758, 2011.
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Figure 1: E-field magnitude distribution in the SC for the PA configuration: left - WM total volume;
centre
and
right
WM
and
GM
lumbo-sacral
slices
5
m
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Figure 2: Same as Figure 1, for the LR configuration.
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MEP variability associated with coil pitch and roll using single-pulse TMS
*M. Grey1, M. van de Ruit2
1University of Birmingham, School of Sport, Exercise and Rehabilitation Sciences, Birmingham, Great
Britain
2Delft University of Technology, Biomechanical Engineering, Delft, Netherlands
The motor evoked potential (MEP) elicited by transcranial magnetic stimulation (TMS) applied over the
motor cortex is well-known to have considerable variability. The use of navigated brain stimulation has
been commonly employed to reduce error induced by coil movement under the assumption that
maintaining tighter control over coil position and orientation will reduce trial-to-trial variability. A few
studies have investigated the yaw orientation which produces the largest MEP and it is common to
choose the yaw angle based on the specific area of the motor cortex being stimulated (e.g. 45° to the
sagittal plane for the hand area, inline with the sagittal plane for the foot and leg). The objective of the
present study was to assess the effect of coil tilt about the roll and pitch axes in order to determine
how quickly the MEP drops off from its maximum.
26 participants were recruited to the study. MEPs were recorded from the First Dorsal Interosseous
(FDI) muscle of the right hand in response to magnetic stimuli delivered at 120% resting motor
threshold. Stimulation was delivered with a Magstim Rapid2 biphasic stimulator. Coil position and
orientation were recorded for each MEP using the frameless stereotaxy (Brainsight 2, Rogue
Research). 25 MEPs were recorded in 3° increments over a range of 60° around the pitch and roll
axes.
As expected MEPs decreased as the coil was rotated about either the pitch or roll aces. Across all
participants, MEPs were reduced to 70% of their maximum value when the coil was rotated by 30±10°
about the roll axis and by 17±4° about the pitch axis.
The results of this study suggest significantly more sensitivity to rotation about the roll axis compared
with the pitch axis (p<0.05). However, the data also suggest that MEPs are relatively insensitive to
small rotations about these axes.
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A data-driven method for TMS pulse artefact reduction from EEG data: sPCA
*L. Tomasevic1,2, F. Giambattistelli3, G. Pellegrino4, P. Rossini5,6, H. Siebner1, F. Tecchio2,6
1Hvidovre Hospital, DRCMR, Hvidovre, Denmark
2ISTC-CNR, LET'S, Rome, Italy
3University Campus Bio-Medico, Clinical Neurology, Rome, Italy
4Montreal Neurological Institute, McGill University, Multimodal Functional Imaging Laboratory,
Montreal, Canada
5Catholic University, Clinical Neurology, Rome, Italy
6IRCCS San Raffaele Pisana, Department of Neuroimaging, Rome, Italy
Question
Electroencephalographic recording during transcranial magnetic stimulation (EEG/TMS) is used to
investigate the state of cortical activity and connectivity (EEG) relative to the non-invasive stimulation
of the cortex (TMS). Amplifiers with high dynamics are used to acquire EEG while TMS is performed,
but they record also the whole dynamic of the pulse artefact. This is many orders of magnitude higher
than the cortical activity, and here we present the procedure that is able to deal with this artefact: ‘the
squared principal component analysis (sPCA)’.
Methods
First principal component analysis (PCA) was applied on raw data. There the time interval related to
the artefact was identified by the derivative. Using the newly identified interval, a second PCA is
applied on trials that maximally correlate among them. Finally, the artefact is reduced by selecting the
principal component that maximally represents the pulse-related artefact.
Results
This pre-processing procedure applied on single subject dataset minimizes the pulse artefact without
impacting the recorded cortical activity. The cleaned data are then approachable with standard
procedures used in TMS/EEG analysis..
Conclusions
sPCAis an automatic procedure completely data-driven and operator independent. This approach
combined with other techniques could give new possibilities to unveil first cortical responses covered
by TMS-related artefacts.
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Impact of coil waveform and orientation on TMS evoked potentials. A TMS-EEG study.
*A. Pisoni1, G. Mattavelli1, A. Vergallito1, M. Rosanova2, M. Fecchio2, L. J. Romero Lauro1
1University of Milano Bicocca, Psychology, Milano, Italy
2University of Milan, Milano, Italy
Intro
Mono and biphasic TMS pulses and coil orientation have been consistently found to produce different
outcomes in terms of cortical and cortico-spinal outputs. Knowing how these TMS parameters affect
the evoked cortical response becomes even more crucial when TMS is coupled with EEG, since it is
necessary to elicit a reliable cortical response minimizing the stimulator intensity, in order to reduce
muscle or magnetic artefacts.
Aims
Here, we investigated the impact of different coil orientations and biphasic vs monophasic pulses on
prefrontal TMS Evoked Potentials recorded from a HD EEG system. We aimed at determining which
cortical response were evoked from different waveforms and orientations, as well as which coil was
more suitable for TMS-EEG studies.
Methods
Ten healthy subjects took part in the experiment, in which 4 different TMS-EEG recordings were
performed. TMS was applied over the right DLPFC, changing coil waveform and direction:
monophasic and biphasic coils were oriented antero-posteriorly, i.e. perpendicular to the stimulated
gyrus, or latero-dorsally, i.e. parallel to the target gyrus. EEG was concurrently recorded from 60
electrodes. TMS stimulator output was adjusted individually to reach a current density at the hotspot of
95 V/m2.
Results
Preliminary results (7 ss) indicate a different effect of coil orientation for the two waveforms. Biphasic
coils elicited greater TEPs than monophasic ones. Concerning TEP components, for the biphasic coil
the parallel orientation evoked greater early components (Fig 1), which reflect cortical excitability
properties of the underlying cortex, when compared to the perpendicular direction. Conversely,
monophasic pulses when oriented perpendicularly to the stimulated gyrus, elicited a greater N100 (Fig
2), which is a reliable TEP component linked to GABAb-mediated inhibitory processes.
Conclusion
Since the biphasic waveform elicited greater TEPs at a lower output, this kind of coil might be more
suitable for TMS-EEG studies: stimulating at lower intensities, indeed, means evoking less TMSrelated artifacts. Moreover different waveforms seem to trigger different neural responses: biphasic
pulses are more suitable for testing cortical excitability, while monophasic ones perpendicularly
oriented are better to highlight inhibitory processes.
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Different modulation effects of TBS produced by different repetitive TMS machines
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Introduction
The Rapid2 from Magstim and MagPro X100 from MagVenture are 2 major TMS machines on the
market. It is generally considered that both machines can produce similar stimulation and their effect
are usually considered similar. However, a head-to-head comparison of the two machines has never
been done. Thinking of the different inner designs of the 2 machines, it deserves a careful study to
compare the effects of a single protocol produced by the two machines.
Objectives
To evaluate and compare the effects of theta burst stimulation (TBS) generated by Magstim Rapid 2
and MagVenture MagPro X100 in the same subjects.
Patients & Methods
Healthy subjects have participated 2 sessions that were one week apart from each other in a
randomized order. In each session, the effect of continuous TBS at 70% rest motor threshold followed
by 1-min subtle voluntary contraction (cTBSc0) on the size of MEP was assessed. 30 baseline MEPs
at approximately 1 mV were recorded. Then cTBSc0 was applied to the motor hot-spot. After
contraction, 12 MEPs evoked by the stimulus intensity identical to that for baseline MEPs were
recorded every minutes for 5 minutes then every 2 minutes until 21 minutes after cTBS. The only
different between the two sessions is that cTBS was given by Magstim Rapid 2 in one session and by
MagVenture MagPro X100 in the other.
Result
Our data suggested that the effect of cTBSc0 generated by Magstim Rapid2 and by MagVenture
MagPro X100 was different. The cTBSc0 by Magstim Rapid2 induced a significant excitatory effect as
previously reported, while cTBSc0 by MagVenture Magpro X100 tended to generate an inhibitory
effect.
Conclusion
Although the effects of all the TMS machines are generally considered the same, the present study
suggests that such assumption may not be true. We suggest the further head-to-head comparison of
different TMS machines in different protocols.
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Incorporating Initial Polarization in Neural Simulations for Accurate Modeling of Brain
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Introduction
Accurate modeling of neural activation provides mechanistic understanding of non-invasive brain
stimulation and means for optimization of stimulus parameters. The cable equation is commonly used
to couple extracellular electric fields to neuronal models. However, its conventional form does not
account for some aspects of the neuronal membranes’ response, such as polarization of soma or
fibers by transverse electric fields, and has limitations in the theoretical foundation for coupling
inductive magnetic stimulation. Until now, the membranes’ detailed interactions with the electric fields
could only be modeled by computationally expensive finite element simulation of fine neural structures.
Objectives
This modeling study incorporates initial polarization into the cable equation to improve the accuracy of
estimating neural activation of both electrical and magnetic stimulation.
Materials and Methods
The initial polarization of axon segments and somas was derived analytically and incorporated into the
cable equation. Test cases were simulated for neuron models with either linear or nonlinear
membrane to evaluate the influence of initial polarization on polarization rate and action potential
thresholds.
Results
Initial polarization can reduce the neural firing threshold by 5% to 50% for typical axon radii, electrode
distances, and pulse widths. Short pulse widths and large electrode distance, such as those in noninvasive stimulation, result in larger decreases in threshold. The depolarization rates of nonlinear
membrane models showed that the initial polarization mechanism has activation strength similar to the
spatial gradient of the applied field, and contributes significantly to activating the soma and axon initial
segment. Initial polarization reduces stimulation thresholds and may potentially shift the spike initiation
site from axon terminals to the initial segments. This could be an important effect in transcranial
stimulation due to the low spatial gradients of the applied fields.
Conclusion
Initial polarization may contribute significantly to neural activation. It is captured by the proposed
modified cable equation, which could give more accurate estimation of the site and threshold for
neural activation with exogenous electric fields.
Figure 1
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Excitation mechanisms of TMS on cortical neuron models
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Introduction
Transcranial Magnetic Stimulation (TMS) is a non-invasive method for neuromodulation, with a range
of clinical and research applications including the treatment of depression and functional brain
mapping. TMS works by generating a time-varying magnetic field which induces an electric field (Efield) in the brain. Despite its widespread use, understanding of the neural effects of TMS is limited,
making it difficult to address issues like high subject-to-subject variability and optimization of
stimulation protocols. Computational modeling offers the opportunity to unravel the mechanisms of
TMS in ways that are infeasible experimentally.
Objectives
We used cortical neuron models to investigate which neural elements are activated by TMS and how
the threshold for action potential (AP) initiation varies with field orientation.
Materials & Methods
We adapted models from the experimentally validated library of rat cortical neurons developed by the
Blue Brain Project. These are multi-compartment, conductance-based cable models with realistic 3D
morphologies implemented in the NEURON modeling software. The models were coupled to
extracellular potentials calculated in MATLAB. Since the neural processes in the cortex are short
relative to the E-field spatial gradient, the E-field was approximated as uniform. Threshold “maps” for
activation were determined using a binary search algorithm at field orientations sweeping the polar
and azimuthal directions.
Results
The site of action potential (AP) initiation and maximum depolarization was nearly always an axonal
termination parallel to the field, with the exception of some orientations maximally depolarizing
bifurcations near pre-synaptic terminals. Due to the high degree of branching and spatial extent of the
realistic axons included in these models, the threshold maps indicated relative insensitivity to
orientation and exhibited numerous local minima of thresholds, dependent on the specific axon
morphology.
Conclusion
Within the assumptions of these models, axon terminals are typically the lowest threshold elements of
cortical neurons for E-fields with low spatial gradients, and morphological differences between celltypes directly affect threshold values.
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Modeling the effects of trans-spinal direct current stimulation on the lumbar spinal circuits
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Introduction
Trans-spinal direct current stimulation (tsDCS) is a potentially new technique for the treatment of
Spinal Cord Injury (SCI). The technique aims to alter the response of the neural pathways in the spinal
cord, which is hypothesized to have a positive effect on SCI recovery. To establish tsDCS as a
possible treatment option for SCI, it is vital to develop a better understanding of its underlying
mechanisms to be able to adjust the intervention to the needs of the patient.
Objectives
We seek to understand the acute polarization effect of tsDCS on the lumbar spinal circuits. Further the
question is, if acute, field dependent changes in synaptic efficacy could be used to explain the short
term effects reported in previous tsDCS studies.
Materials & Methods
We use a realistic full body segmented finite element model to calculate the electric field inside the
spinal cord for three different electrode configurations (DC, 2.5mA). We apply the calculated electric
field to a set of realistic neuron models to investigate changes in membrane resting potential within the
neuron as well as afferent and efferent axon terminals. We further make use of a lumbar spinal
network model (Cisi et al., 2008) to simulate experimental paradigms used in previous tsDCS studies,
with varying synaptic conductivities. The simulation results are correlated with acute, field dependent
changes in synaptic efficacy observed in vitro and compared to the effects obtained by other tsDCS
studies to date.
Results
Across electrode configurations, the electric field inside the spinal cord ranged from ~0.2V/m to
~0.6V/m with a more dominant longitudinal field component (radial/longitudinal 1/3). Across all MN
models, axon terminal polarization was dominant (< 1.4mV) over somatic (<0.01mV) and dendritic
(<0.05mV) polarization. However, the simulated acute spinal network responses correlated negatively
with the expected short term changes overserved experimentally.
Conclusion
Axon terminal polarization may be a primary contributor to the modulatory effects observed after
lumbar tsDCS. However, these longer term effects are opposite to the simulated acute synaptic
efficacy changes. This may lead to better methods for predicting the outcome of tsDCS.
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Cortico-spinal and cortico-cortical excitability is influenced by the phase of oscillatory alpha
activity at the time of the stimulus
*D. Desideri1, C. Zrenner1, P. Belardinelli1, U. Ziemann1
1University Hospital Tübingen, Centre for Neurology, Tübingen, Germany
A somewhat surprising feature of the TMS evoked EEG and EMG potentials is their large variability. A
number of factors are known to contribute to the variability of TMS responses but one factor about
which tantalizingly little is known is the impact of instantaneous brain state at the time of stimulation.
Here, we investigate the relationship between the phase of local mu-alpha oscillations at the time of
stimulation with the magnitude of cortico-spinally evoked motor EMG potentials and the shape of the
cortico-cortically evoked EEG potential.
12 healthy subjects were included the study and during a single session received TMS pulses over left
motor cortex at an intensity to evoke EMG potentials at the right hand with 1mV peak-to-peak
amplitude. Phase triggers were generated based on the instantaneous phase of local sensorimotor
rhythm using a Hjorth filter in the 5 EEG channels centered on electrode C3. The phase was estimated
using a sliding window of data that was filtered, autoregressively forward predicted and hilbert
transformed around the current time point in real-time using a custom closed-loop signal processing
system based on Mathworks Simulink. The session consisted of a randomized sequence of 600
epochs in total, 300 triggered by the positive peak, and 300 triggered by the negative trough of the
oscillations. Half of the trials were randomly not stimulated. Stimulated trials with pre-innervation in the
EMG channel during the 500 ms preceding the stimulus were manually excluded. TMS evoked EEG
potentials were analyzed by comparing the difference between stimulated and non-stimulated epochs
after manually excluding trials with EEG artifacts, in order to subtract the oscillatory background
activity.
The magnitude of evoked motor potentials as measured by average peak-to-peak EMG potentials
significantly differed by ca. 20% on average between the epochs evoked during the positive peak of
ongoing alpha activity and the epochs evoked during the negative trough. At the level of the individual
analysis, all of the 12 subjects showed a difference consistent with the group data (higher EMG
amplitudes when stimulating in the negative trough of mu-alpha activity). The evoked EEG potentials
showed a similar effect with the amplitude of the individual peaks higher when stimulating during the
trough as compared to when stimulating during the peak.
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Question
Noninvasive cortical stimulation techniques such as repetitive transcranial magnetic stimulation (rTMS)
are capable of increasing and decreasing cortical excitability and thereby might be clinically relevant
for rehabilitation of neurological and neuropsychiatric disorders. However, the induced after-effects are
usually too short-lasting to be clinically relevant. In this study we investigated if combining rTMS with
operant learning can induce long-lasting after-effects not achievable neither with rTMS alone nor with
operant learning alone.
Methods
Experimental Approach:
Forty-six subjects were randomly assigned to three experimental groups. Experimental groups 1 & 2
received a psychophysical pretest of tactile discrimination abilities with the left ring finger, a training
procedure to improve performance with this finger, and a posttest. In experimental group 1 the training
procedure was combined with 15 Hz rTMS over the primary sensory cortex (SI) while in experimental
group 2 the training was combined with sham rTMS. In the third experimental group, psychophysical
pre- and posttests of tactile discrimination abilities were assessed. However, they received 15 Hz
rTMS over SI without training.
Computational Approach:
As a preliminary simulation trial we developed a neural model, which enabled us to discriminate
between the encoding and decoding of particular input frequency represented in several scenarios.
Results
Combining rTMS with operant learning induced long-lasting after-effects not achievable neither with
rTMS alone nor with operant learning alone.
A conceptual framework for the efficiency of combining cortical stimulation with operant learning can
be derived from the Bienenstock-Cooper-Munro theory of bidirectional synaptic plasticity. According to
this theory the change of synaptic efficiency during learning processes is dependent on the
preactivation level of the involved neural network, suggesting that high-frequency rTMS can transiently
decrease the threshold for the induction of LTP-like effects and thereby gate practice-dependent
plasticity.
Conclusions
Our findings provide important implications for the use of rTMS in combination with operant learning as
a therapeutic tool for neurorehabilitation.
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Method for EEG guided transcranial Electrical Stimulation without models
*A. Cancelli1, C. Cottone1, F. Tecchio1, D. Truong2, J. Dmochowski2, D. Adair2, M. Bikson2
1LET'S - CNR, Rome, Italy
2City College of New York, New York City, United States
Objective
There is a long interest in using EEG measurements to inform transcranial Electrical Stimulation (tES)
but adoption is lacking. The conventional approach is to use anatomical head-models for both source
localization (the EEG inverse problem) and current flow modeling (the tES forward model), but this
approach is computationally demanding, requires an anatomical MRI, and strict assumptions about the
target brain regions. We evaluate techniques whereby tES dose is derived from EEG without the need
for an anatomical head model or assumptions.
Approach
The approaches are verified using a Finite Element Method (FEM) simulation of the EEG generated by
a dipole, oriented either tangential or radial to the surface, and then simulating brain current flow
produced by various model-free techniques including: 1) Voltage-to-voltage, 2) Voltage-to-Current; 3)
Laplacian; and two Ad-Hoc techniques 4) Dipole sink-to-sink; and 5) Sink to Concentric Ring. These
model-free approaches are compared to a numerically optimized dose that assumes perfect
understanding of the dipole location and head anatomy. We vary the number of electrodes from a few
to over three hundred, with focality or intensity as optimization criterion.
Main results
Our results demonstrate how simple Ad-Hoc approaches can achieve reasonable targeting for the
case of a cortical dipole with 2-8 electrodes and no need for a model of the head.
Significance
For its simplicity and linearity, model-free EEG guided lends itself to broad adoption and can be
applied to a static (tDCS), time-variant (e.g. tACS, tRNS, tPCS), or closed-loop tES.
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Optimal tDCS Electrode Montages to Stimulate Nonsuperficial Cortex: A Simulation Study
*C.- H. Im1, S. J. Lee1, C. Lee1
1Hanyang University, Department of Biomedical Engineering, Seoul, South Korea
To effectively stimulate target cortical areas using of transcranial direct current stimulation (tDCS),
determination of proper locations of electrode pair is of great importance. Most previous studies
focused on stimulating superficial cortical areas such as hand motor cortex, dorsolateral prefrontal
cortex, and so on, and researchers generally attached the stimulation electrode right above the target
area. This strategy might not be a bad choice for superficial cortex; however, for nonsuperficial cortical
areas, locations of electrodes need to be optimized based on computer-based electric field analyses
because it is relatively difficult to predict the current flows around the deep cortical areas. In this study,
we simulated various electrode montages to find the optimal electrode montages for stimulating
nonsuperficial cortical areas.
We considered three different targets located in nonsuperfical cortex such as foot motor cortex,
dorsomedial prefrontal cortex (dmPFC) and primary visual cortex (V1). We used the international 1020 system for EEG placement to test candidate electrode positions, and the results were compared
with the results of conventional electrode montages used in previous studies (an example is depicted
in Figure 1). Two realistic head models were generated for finite element analysis.
Optimal electrode montages were C3-C4, F3-F4/Fp2, and Oz-Fpz for foot motor, dmPFC, and V1
stimulations, respectively. In all cases, the optimal electrode montages were more effective for
stimulating the targets compared to the conventional ones.
Figure 1
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Since there is no way to directly measure the electric current flow inside the human head and no
imaging modality can visualize the electric field generated by transcranial direct current stimulation
(tDCS), numerical analysis based on finite element method (FEM) has been widely studied. However,
because there has been no open software package designed to simulate electric fields generated by
tDCS, only a few research groups could use this important technology. In 2013, our group released a
GUI-based MATLAB toolbox named COMETS (COMputation of Electric field due to Transcranial
current Stimulation), which could simulate various electrode montages in a standard head model.
Now, we are releasing a next version of COMETS, named COMETS2, which not only fixed several
problems of the previous version but also adopted a realistic but computationally efficient electrode
modeling method.
COMETS2 is a MATLAB toolbox running under Windows environment. FEM is used for the electric
field analysis, and a 4-layer realistic head model is adopted. In COMETS2, we implemented functions
for generating realistic saline-soaked sponge electrode models on user selected spots, and applied a
new method to reduce the overall computational cost. We used NODE and ELE files supported by
TETGEN, and superimposed the analyzed electric potential distribution, electric field intensity, and
electric current density on the cortical surface (Fig. 1). Any other head models formatted as NODE and
ELE can be applied for individualized tDCS study.
COMETS2 can help researchers who are not familiar with numerical methods to analyze electric field
distribution generated by tDCS. In particular, our new algorithm accelerating the computational speed
might be useful for studies needing repetitive computations, for example, finding optimal electrode
positions to stimulate a specific target area. COMETS2 will be available from September 2016
athttp://www.cometstool.com.
Figure 1
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Introduction
Transcranial electric stimulation (TES) is an emerging technique to non-invasively modulate brain
function. However, the spatiotemporal distribution of electric fields during TES remains poorly
understood.
Objectives
In this study we perform direct intracranial measurements of the electric field generated by transcranial
alternating current (tACS) in epilepsy patients and cebus monkeys and evaluate the capacity of finite
element method (FEM) models to predict the spatial distribution of measured electric fields.
Methods
Two presurgical epilepsy patients, with ca. 100 intracranially implanted electrodes participated in a
single TES session. Two sponge electrodes (25cm2) were attached over the left and right temporal
cortex and a current of 1mA with a frequency of 1Hz was applied for 2 min. In two cebus monkeys
three electrodes, with a total of 32 contacts were permanently implanted with posterior-anterior
orientation. In multiple sessions intracranial EEG was recorded during TES. We varied the frequency
of stimulation from 1-150 Hz and computed amplitude and phase relationships of recorded voltages.
We constructed FEM models with increasing anatomical complexity for one epilepsy patient and
compared the measured and simulated electric fields.
Results
Voltage magnitude slightly decreased with stimulation frequency up to 10% and small phase
differences between electrode contacts up to a few degrees were observed. Electric field strengths
were strongest in superficial brain regions with maximum values of 0.5 mV/mm (Fig.1). Comparison of
measured and simulated potentials and electric fields showed very high correlation values for the
potentials (r = 0.95) and correlations of r = 0.7 for the electric fields. Evaluating the predictive value of
increasingly complex FEM models highlighted the importance of accurate skull modeling especially in
the vicinity of skull defects (Fig.2).
Conclusion
We conducted a comprehensive evaluation of intracranial electric field during TES in both human
patients and monkeys. Our results indicate that TES currents spread in a linear ohmic manner and
capacitive effects are small indicating that the quasi-static approximation is well justified in the low
frequency range. The spatial variation of the electric fields can be captured using realistic FEM
models.
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Cortical layer-specific distribution of TES electric fields
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Introduction
Cellular targets of transcranial electric stimulation (TES) are not well understood. Due to a number of
factors including size, packing, myelination and orientation of predominant cell types and related
variations in conductivity across layers, some cortical layers may be more susceptible to stimulation
than others. Current biophysical models of TES do not account for laminar specific differences in the
electric field distribution.
Objectives
In this study we systematically mapped the electric field distribution during TES across cortical layers
as a function of electrode montage, stimulation frequency and cortical depth.
Methods
Using laminar multielectrode recordings (100 µm spacing, 24 contacts, implanted in V1) in an
anesthetized cebus monkey we recorded TES induced potentials for two montages:
1. Anterior-Posterior current direction, electrodes placed over V1 and forehead.
2. Left-Right current direction, electrodes placed over bilateral temples.
Stimulation intensity was 100 µA applied through round (3.14cm 2) Ag/AgCl electrodes. Measurements
were performed using alternating currents with frequencies from 1-150 Hz for different depths (from
dura through GM and WM). Electric fields were computed as the first spatial derivative of recorded
potentials.
Results
We found a marked influence of the laminar structure on the electric field distribution (Fig 1A) with
locally increased field strengths (Layer IV/V). This effect was dependent on current direction (Fig 1B).
The amplitude and phase of recorded potentials varied in a frequency and spatially dependent manner
(Fig 2).
Conclusion
Our results highlight differential effects of electric field propagation across cortical layers. Locally
enhanced electric fields are likely due to currents passing across conductivity mismatches between
layers. This effect is dependent on current orientation. Magnitude and phase of recorded potentials
varied across the depth of cortex demonstrating changes in local electric properties of brain tissue.
Larger phase shifts in deeper WM regions could be related to stronger capacitive influences from
myelinated axons. In summary our results show previously unreported laminar specific effects of TES
electric fields making a first step in the identification of cell specific targets for TES.
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Nerve conduction study in healthy individuals
*M. K. Jha1, T. M. Sharma1, O. Nepal1, M. Bade1
1Kathmandu University School of Medical Sciences, Department of Physiology, Dhulikhel, Nepal
Nerve conduction studies (NCS) are electrodiagnostic tests which are used to evaluate the ability of
the conduction of the motor and the sensory nerves. NCS tests are used in the diagnosis of
polyneuropathies, mononeuropathies, radicular lesions, tunnel syndromes and nerve damages caused
by trauma and compression.
The aim of this study was to evaluate the normative data of nerve conduction study (NCS) parameters
among healthy young adults and effect of gender on nerve conduction study parameters.
This study was conducted in Kathmandu University School of Medical Science, Dhulikhel from
January to November, 2015. The study was done in total 40 out of which 20 were males and 20 were
females consenting healthy adults. The compound muscle action potential (CMAP) and sensory nerve
action potential (SNAP) were recorded.
Males had increased CAMP and F-wave latencies (ms) in all tested motor nerves as compared to
females. SNAP duration (ms), amplitude (µV) and latencies (ms) were also longer in males.
Gender has definite effects on NCS variables was observed and males had greater height and weight
in comparison to females which might be the possible reason for the significant difference of the NCS
variables.
Keywords
Compound Muscle Action Potential (CMAP), Nerve Conduction Study (NCS), Sensory Nerve Action
Potential (SNAP)
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Impact of coil rotation on TMS threshold
*J. Meincke1, M. Hewitt1, D. Liebetanz1
1University Medical Center Goettingen, Department of Clinical Neurophysiology, Goettingen, Germany
Introduction
Conflicting results have been reported on the importance of optimal TMS coil rotation. Maintaining a
constant coil rotation angle manually remains a challenge. However, the exact impact of rotation angle
on resting motor thresholds (RMTs) has not been investigated to date.
Objective
Using a robot-guided and a fully automated threshold hunting procedure, we aimed at determining the
relevance of optimal rotation for determining RMT.
Methods
FDI hotspot was located with the automated hotspot hunting procedure (n=7). RMTs were then
determined applying the threshold-hunting algorithm at different rotation angles (360°in steps of 15°,
15 pulses per rotation angle) in a randomized order over all pulses. The coil handle in posterior
position was set as 0°. The procedure was repeated with steps of 5° within a 60° range of lowest
thresholds of the first session. Threshold values were normalized for individual min and max.
Results
With 15° steps mean threshold was lowest at angles of 30° and 45°. Using 5° steps revealed a
minimum mean threshold at 40° (mean threshold: 29.0; SEM: 0.05). A second minimum was found at
the opposite angle. Highest RMTs were observed at angles between 135 and 180° and 285 and 315°.
The relation between the rotation angle and deviation of the measured RMTs (from the minimum RMT
at the optimal rotation angle) was non-linear with a floor effect between 5 and 15°.
Conclusion
Optimal coil rotation angle for FDI was found at 40°. Interestingly, within a range between 25° and 55°
the effect of different coil rotation angles on the RMTs was not relevant, i.e. lower than the error of the
threshold hunting procedure. The results therefore suggest that manual coil positioning at a rotation
angle of 40° with little positional errors is uncritical when assessing motor thresholds of the FDI.
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tACS on a phantom head
*T. Neuling1, N. Weisz1, G. Demarchi1
1University of Salzburg, Salzburg
Ouestion: Analysis of oscillatory electromagnetic brain activity, recorded during transcranial
alternating current stimulation (tACS), has been considered impossible because of the huge tACS
artifact. This precluded the progress of understanding the mechanism of action of tACS. Recent
attempts to recover the brain signal even at tACS frequency by means of linear constrained
minimum variance (LCMV) beamforming raised some debate as to what extent the recovered
activity would be contaminated by residual tACS artifacts. Two experiments were conducted to
specifically target this issue.
Methods: We employed tACS on a phantom to assess the artifact removal performance.
Furthermore, we devised modified tACS on an alive human to elicit the artifact without actual brain
stimulation.
Results: Beamforming proves to remove the artifact to a great extent. Leftover artifacts were
effectively eliminated using properly chosen contrasts. Previous concerns on the feasibility of
beamforming on the removal of the tACS artifact can be rejected.
Conclusions: We confirmed that applying LCMV beamforming is a pragmatic approach to studying
online neural effects of tACS.
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Question. Electric (E)-field induced by transcranial magnetic stimulation (TMS) can excite or inhibit
the function of the brain. However, it is not completely understood by which mechanisms of action
TMS induce these effects on the brain. The knowledge of the E-field distributions is essential for a
better understanding of these mechanisms.
Methods. We chose to adopt the admittance method since it allowed us to explore the whole brain
volume with reduced computational time [1-3]. The region of analysis is divided in N homogeneous
cells and represented as a network of lumped electrical elements. A linear system, where the N
unknowns are the electric potentials (Vi) on each cell, is then formed and solved using the over
relaxation iterative technique [1-3].The magnetic stimulation is taken into account in the linear
system by terms including the magnetic vector potential (A). The values of A are calculated by
discretizing the well-known integral solution of the vector Poisson equation.
Result. The algorithm described was implemented using the C programming language. The software
first calculates the A vector generated in the analysis volume by a figure of eight coil. The current
flowing through the coil is a 3 kHz sinusoid, since it better approximates the biphasic TMS pulse;
the amplitude depends on the settings of the stimulus generator. The A vector calculation is timeconsu
ming since a quite big volume around the coil has to be considered but it must be carried out
only once at the beginning of the TMS clinical session. A MRI voxel model of the brain is discretized
in cubic cells 3 mm on a side. The electric properties (permittivity e and conductivity s) of gray
matter (e=6.7´104, s=0.1 S/m) are assigned to the cells inside the brain volume, the others are
considered to belong to the cerebrospinal fluid (CSF) (e=109, s=2 S/m) [4]. Then, for each coil
positioning, the brain is translated and rotated with respect to the coil on the basis of the
coordinates of three fiducial points of the coils. The values of V are calculated only in the cells of
the brain and in a thin shell of CSF surrounding the brain; this permits a substantial time saving.
The computation time on a computer 2.8 GHz Intel Core i7 is 14 s, compatible with the real-time
requirement.
[1] Armitage et al., 1983.
[2] D'Inzeo, et al., 1995.
[3]

Liu, et al., 2003.

[4] Gabriel et al., 1996.
Figure 1: |E| distribution on a coronal plane across the realistic brain for horizontal, tilted (30°),
and the vertical coil (right), with 1 A, 3 kHz sinusoid current flowing through it.
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Multiple-electrode tDCS montage modulates shifting and risk taking behaviors
*N. Jacoby1, M. Lavidor1
1bar ilan university, psychology, ramat gan, Israel
Introduction
Risk taking and set-shifting are two domain aspects of executive functions which play a fundamental
part in our everyday life. Although the involvement of the pre-frontal cortex in executive functions is
well established, there is a debate regarding the lateralization of the prefrontal cognitive control
network (Goel & Vartanian, 2005; Witt & Stevens, 2013). Different stimulation studies demonstrated
inconsistent results regarding to which montage resulted in enhanced set- shifting and decreased risk
taking behaviors (Fecteau, Knoch, Fregni, Sultani, Boggio, & Pascual-Leone, 2007; Leite, Carvalho,
Fregni, Boggio & Goncalves, 2013). The inconsistencies might partially result from bilateral
involvement of the dorsal lateral prefrontal cortex (DLPFC), because previous stimulation studies
could activate by anodal stimulation only the left or right DLPFC, but not both.
Objectives
Here we aimed to explore this debate by applying a novel three-electrodes transcranial direct current
stimulation (tDCS) montage over the left and right dorsal lateral prefrontal cortex (DLPFC) to modulate
cognitive control tasks.
Materials & Method
In a between subjects design, 34 healthy participants were randomly assigned to either active tDCS or
sham group. After the stimulation, the participants performed cognitive control tasks (Wisconsin Card
Sorting Test (WCST) and the Balloon Analogue Risk Task (BART).
Results
A one-way MANCOVA revealed a significant multivariate main effect for stimulation group F (2, 27)=
4.53, p< .05, partial η2= .25. The significant univariate main effects for region were obtained for BART
adjusted number of pumps, with decreased number of pumps under stimulation, and improved
performance in the WCST following stimulation (see Fig. 1).
Conclusions
We demonstrated enhancement of both shifting and risk taking via reduction of the observed reaction
time. The current study points out to new possibilities for tDCS montage, which enable anodal
stimulation of two different brain regions simultaneously and thus contributes to a better understanding
of the neural networks and hemispheric connectivity.
Figure 1
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Functional connectivity changes after bilateral tDCS over the
preliminary data from aphasia.
*V. Fiori1,2, T. Gili3, G. De Pasquale1, U. Sabatini4, C. Caltagirone1,2, P. Marangolo5
1IRCCS Fondazione Santa Lucia, Roma, Italy
2Università di Roma "Tor Vergata", Roma, Italy
3Museo Storico della Fisica e Ricerche "Enrico Fermi", Roma, Italy
4Università degli studi "Magna Grecia", Catanzaro, Italy
5Università "Federico II", Napoli, Italy

frontal

region:

Introduction
Several studies have already shown that transcranial direct current stimulation (tDCS) is an useful tool
to enhance recovery in aphasia. However, no reports to date have investigated functional connectivity
changes on cortical activity due to tDCS language treatment.
Objectives
The present study explored whether bilateral tDCS over the frontal regions would improve language
performance in a group of aphasic patients. We also wanted to assess the impact of dual tDCS
language treatment on functional connectivity reorganization through rs-fMRI.
Materials & Methods
Nine aphasic persons with articulatory disorders underwent an intensive language therapy in two
different conditions: bilateral anodic stimulation over the left Broca’s area and cathodic contralesional
stimulation over the right homologue of Broca’s area and a sham condition. The language treatment
lasted three weeks (Monday to Friday - fifteen daily sessions). In all patients, language measures were
collected before (T0) and at the end of treatment (T15). Before and after each treatment condition (real
vs.sham), each subject underwent a resting state fMRI (rsfMRI).
Results
Results showed that, after real stimulation, patients exhibited the greatest recovery not only in terms of
better accuracy in articulating the treated stimuli but also for untreated items on different tasks of the
language test (picture description, noun and verb naming, word repetition, word reading). Moreover,
while after the sham condition connectivity changes were confined into the right brain hemisphere,
bilateral stimulation yielded to stronger functional connectivity increase in the left hemisphere.
Conclusion
In conclusion, our data provide converging evidence from behavioural and functional imaging data that
bilateral tDCS determines functional connectivity changes into the lesioned hemisphere enhancing
language recovery process in stroke patients.
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The role of IPS and TPJ in selective attention in multi-target environments.
M. Prass1, *B. de Haan1
1Center of Neurology, Division of Neuropsychology, Tuebingen, Germany
The ability to attend and respond to multiple targets simultaneously is essential for succesful
navigation in everyday highly dynamic multi-target environments like traffic scenes. The existing
literature suggests a critical role for both the right temporo-parietal junction (TPJ) and the right
intraparietal sulcus (IPS) in the ability to attend and respond to multiple targets simultaneously,
however, the precise role of each of these areas in this ability is currently unclear. In this study we
combined the Theory of Visual Attention (TVA) with continuous theta burst stimulation (cTBS) in
neurologically healthy subjects to directly investigate the role of the right IPS and TPJ in attentional
selection in multi-target environments. Specifically, we investigated the TVA parameters impaired after
a temporary inhibition of neural activity at either the right TPJ or the right IPS and the relation of these
TVA parameters to the ability to attend and respond to multiple targets simultaneously. Additionally, in
light of recent findings that suggest that cTBS effects on neuronal activity can be highly variable over
individuals, we measured the effect of cTBS to the motor cortex on the motor evoked potential (MEP)
in each subject to obtain an individual estimate of the presence or absence of inhibitory effects on
neuronal activity following cTBS. Our results suggest that cTBS to the IPS elicited a reduction of
attentional capacity, the strength of which correlated with the ability to attend and respond to multiple
targets simultaneously. Interestingly, this effect was only present in those individuals in whom cTBS to
the motor cortex elicited an inhibitory effect on neuronal activity as indicated by reduced MEPs. We
found no evidence that cTBS to the TPJ modulated any of the TVA parameters. We conclude that the
right IPS may critically modulate attention in multi-target environments via attentional capacity.
Moreover, our results suggest that individually determining the effect of cTBS to the motor cortex on
neuronal activity may provide meaningful information concerning the presence or absence of inhibitory
effects following cTBS also in cortical areas beyond the motor cortex.
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Modulating inter-hemispheric coherence to influence behavior - a TMS-EEG study
*N. Thirugnanasambandam1, M. Hallett1
1National Institutes of Health, Bethesda, United States
Inter-hemispheric coherence (IHC) is one of the EEG parameters that measures synchronization of
oscillations originating from brain regions of different hemispheres and thereby the functional
connectivity between them. We know that IHC is critical for tasks such as midline object recognition
that involves merging information obtained from the 2 hemispheres. In a previous study, it was
observed that midline object recognition is associated with transient increase in IHC over temporoparietal areas in the alpha frequency range (Mima et al., 2001). Whether this association is causal,
remains unknown.
In the current study we aimed at determining the causal association of inter-hemispheric alpha
coherence to midline object recognition. Several studies have used TMS as an effective tool to entrain
intrinsic brain oscillations. We interfered with the IHC by using unilateral or bilateral, synchronous or
asynchronous repetitive transcranial magnetic stimulation (rTMS) pulses. Our hypothesis was that
asynchronous rTMS would reduce IHC thereby impairing midline object recognition.
We recruited 13 healthy subjects for the study. All subjects first participated in a screening session
where the threshold intensity for blocking object recognition and the optimal coil orientation for TMS
was determined. In the main experiment session, they were asked to perform the object recognition
task in four blocks. During the first block, the individual alpha coherence frequency was determined by
recording EEG during object recognition. During the second, third and fourth blocks rTMS was
delivered in every trial with simultaneous EEG recording. Trains of 7 TMS pulses were administered
over left and/or right lateral occipital gyrus at 80% of threshold intensity blocking object discrimination
or 60% maximum stimulator output whichever was smaller.
Our primary outcome measure for the object recognition task was d-prime or sensitivity index. Our
results have not shown a significant effect of rTMS on object recognition. The EEG data is currently
being analyzed to look for entrainment effects. We think that this absence of effect on behavior could
be due to a ceiling effect in task performance, wrong stimulation site or sub-optimal stimulation
paradigm. We are currently performing additional experiments to address the above issues.
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Multimodal assessment of TMS-induced acute effects
*M. Tik1,2, M. Woletz1,2, L. Navarro de Lara1,2, R. Sladky1,2, A. Hoffmann1,2, A. Hummer1,2, C.
Windischberger1,2
1Medical University of Vienna, Center for Medical Physics and Biomedical Engineering, Wien, Austria
2Medical University of Vienna, MR Center of Excellence, Wien, Austria
Question
Transcranial magnetic stimulation (TMS) has become a promising therapeutic treatment and
neuroscientific research tool, yet how it works is not fully understood. We developed a dedicated MR
coil array positioned beneath the TMS coil that allows for concurrent stimulation and imaging and
flexible positioning while ensuring TMS efficiency, high MR sensitivity and the use of parallel/multiband
imaging sequences.
Here we aimed to explain acute effects of TMS over left DLPFC using a new online TMS/fMRI setup in
combination with advanced imaging and neuronavigation methods. Resting State functional
connectivity and DTI Tractography shall further explain resulting activation patterns at a network level.
Methods
The study was performed on a 3T Tim Trio scanner (Siemens, Erlangen, Germany). The TMS system
used included a MagProX100 stimulator and MRi-B91 MR-compatible TMS coil (Magventure, Farum,
Denmark). Five right-handed female subjects (age: 28.6 ± 4.3 years) were examined. Functional
images were acquired using EPI (echo-planar imaging) sequence with TR/TE=1000/33ms, 28 slices,
1.5x1.5x3mm³. The experimental procedure is depicted in Fig. 1. FMRI data analyses were performed
using SPM12. The design matrix comprised four regressors representing different stimulation
amplitudes. DTI tractography was performed using DSI Studio.
Results
TMS led to intensity-dependent activation increase in the left DLPFC and the contralateral DLPFC
(Fig. 2): Higher stimulation intensities evoked higher bilateral activation. ACC showed a more complex
response pattern.
Resting-state functional connectivity maps using the stimulation target as seed-voxel showed a
network very similar to the TMS-derived activation pattern (Fig. 3). DTI tractography provided
additional information about the axonal connection between the left DLPFC stimulation site and the
right DLPFC activation cluster.
Conclusion
This is the first study to assess the acute influence of TMS over DLPFC at an individual level, made
possible by a dedicated concurrent TMS/fMRI coil array. Here we show a dose-dependent increase in
activity not only underneath the stimulation site but also on the contralateral homologous area and
apparent mediating responses in the ACC. This network is confirmed by additional resting-state and
tractography data.
Figure 1
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Assessing effectiveness and specificity of DLPFC rTMS using an unbiased resting-state
approach
*M. Tik1,2, A. Hoffmann1,2, R. Sladky1,2, L. Tomova3, A. Hummer1,2, L. Navarro de Lara1,2, B. Biswal4, H.
Bukowski3, J. Pripfl3, C. Lamm3, C. Windischberger1,2
1Medical University of Vienna, Center for Medical Physics and Biomedical Engineering, Wien, Austria
2Medical University of Vienna, MR Center of Excellence, Wien, Austria
3University of Vienna, Social Cognitive and Affective Neuroscience Unit (SCAN), Wien, Austria
4UMDNJ-New Jersey Medical School, Department of Radiology, Newark, United States
Question
While the precise mechanism of action is still unclear, rTMS is an effective FDA-approved treatment in
depression and shows beneficial behavioral effects in a range of pathologies. A better understanding
could improve treatment success and reduce the number of non-treatment responders.
This study is the first to investigate effectiveness and specificity of rTMS over left DLPFC using a
large-scale (n=60) sham-controlled cross-over design and an unbiased resting-state (RS) approach.
Methods
60 healthy subjects (age: 25.01±4.6 years, f/m: 31/29) underwent rTMS DLPFC and sham stimulation
(see Fig. 1). Resting state (rs) fMRI scans were acquired before and twice after stimulation. We
investigated BOLD signal changes in functional connectivity (fc) following 10 Hz rTMS (24 × 5s trains,
ITI 20s, 1200 pulses @ 90%MT) during a classic resting state paradigm. We examined rsfc changes
using an unbiased approach based on a set of 20 well-established resting state networks derived from
multicenter-data
independent
component
analysis
by
Biswal
et
al.
(2010a,
http://fcon_1000.projects.nitrc.org).
Results
Comparisons between pre and post stimulation revealed that 19 out of a total of 20 IC networks
remained unchanged, i.e. showed no statistically significant differences before and after rTMS
irrespective of real/sham stimulation (Fig. 2 A, blue). Only one network (IC17, red dashed) which
includes the ACC and PFC showed DLPFC rTMS-related connectivity changes (while staying stable
throughout the whole procedure in sham session, Fig. 2 B): The ACC had increased connection
strength in the post-rTMS scan within this network, particularly with the DLPFC (stimulation site),
bilateral insula and striatum.
Conclusion
For the first time this study shows in a model-free approach that rTMS over left DLPFC modulates
functional connectivity within a specific network while other networks stay stable. This network is
typically associated with attention, mood, reward processing and psychiatric conditions that are linked
to maladaptive changes in these domains. This could have further implications on treatment,
screening and treatment response monitoring of psychiatric conditions.
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Remediation of cognitive impairment due to sleep deprivation: a rTMS pilot study
*D. P. Martinez-Cancino1, A. García-Quintanar1, J. Azpiroz-Leehan1
1Universidad Autónoma Metropolitana, Mexico City, Mexico
Introduction
The lack of sleep is associated with diminished cognitive performance. rTMS has been applied in
sleep deprived subjects, showing a decrease in response times (upper middle occipital gyrus); but this
effect is no longer found after recovery [1].
Objectives
To explore the effects of high frequency stimulation in different areas.
Patients & Methods
6 healthy right-handed subjects were randomly assigned to one stimulation group: medial frontal
gyrus, medial occipital gyrus or SHAM. Subjects completed one initial fMRI session and another final
session (post 24 hours sleep deprivation & stimulation). Letters were presented for 500 ms in 5 minute
blocks (300 letters & 60 targets). Stimulation consisted of a 20-minute session at 5 Hz in the left
hemisphere at 100% of the MT. Mood (VAS) and sensation (1:10) were measured.
Results
For 1-back, accuracy increased for MFG (3.33%) and for 2-back increased in MOG (25%). MOG
group showed shorter response times in 1-back (5.05%) and 2-back (18.32%). Sensation scale
measure was 3(±1.9), subjects were not able to distinguish whether it was true or false stimulation.
VAS results are shown in Fig. 1 (0: minimum value and 10: maximum value).
Fig. 1. VAS by stimulation group and categories.
MFG group: activation increased was found for both contrasts (1 & 2-back) especially in areas related
to frontal lobes. MOG group: activation decreased in frontal lobes (1-back). SHAM group: increment at
parietal lobe, prefrontal cortex, cingulate gyrus and temporal lobe for both contrasts (Fig. 2).
Fig. 2. Brain responses found in groups A) MFG, B) MOG and C) SHAM.
Conclusion
Stimulation has a positive effect in the perception of symptoms related to SD. In MOG group, subjects
showed better accuracy and response times. These findings may be caused by the stimulation of
parietal-temporal-occipital association area (in charge of focusing specific objects and rejecting others,
attention in spatial loctralization and plays an important role in verbal memory); located near MOG [2].
Results indicate that there are differences between the different sites of stimulation, so it will be
interesting to further explore these areas with a larger size population.
[1] B. Luber, A. Stanford, P. Bulow, et al, “Remediation of Sleep-Deprivation-Induced Working Memory
Impairment with fMRI-Guided Transcranial Magnetic Stimulation”, Cerebral Cortex, vol. 18, pp. 20772085, 2008.
[2] R. Rhoades, “Medical Physiology: Principles for Clinical Medicine”, Lippincott Williams & Wilkins,
3rd ed, pp. 130-132, 2009.
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EEG and fNIRS co-registration during cooperate and competitive joined actions
*M. Balconi1, M. E. Vanutelli1
1Catholic University of Milan, Milan, Italy
Cognitive performance and emotional behavior were compared in the present study during
cooperation and competition. Brain correlates (EEG frequency bands, delta, theta, alpha, beta) and
hemodynamic measure of functional Near-Infrared Spectroscopy (fNIRS, O2Hb) were acquired during
a joined competitive or cooperative condition: subjects were required to match their cognitive
performance (cooperation) or to make better than others (competition) in terms of accuracy (error rate,
ER) and response time (RT). In addition, emotional and motivational personality trait (Behavioral
Activation System, BAS) was used to distinguish groups of subjects based on their emotional attitude.
ER and RTs were considered in response to subjects’ performance (that was artificially manipulated to
show an increasing performance during the cooperative/competitive task). An increased left prefrontal
cortex brain responsiveness (by EEG and fNIRS measures) was found for high-BAS (more positive
emotional behavior) in the case of both cooperation and competition. Moreover, high-BAS showed an
increased frontal left activity more in response to cooperative task, condition where they also improved
their performance. The present results demonstrated that cooperation is the best way to perform the
task, from a cognitive point of view, as underlined by the subjects’ outcomes. In addition, high-BAS
trait (and more positively oriented behavior) improves the cognitive outcomes with a significant
increased left PFC activity (more positive emotions) in cooperative contexts.
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Transcranial direct current stimulation of the brain motor area generates a transient increase of
small worldnessy in connectivity: an EEG graph theoretical analysis
*F. Miraglia1, F. Vecchio1, R. Di Iorio 2, G. Granata2, R. Romanello 2, P. M. Rossini2
1Irccs San Raffaele Pisana, Rome, Italy
2policlinico A. Gemelli Universita' Cattolica , Rome, Italy
Introduction
Transcranial direct current stimulation (tDCS) is a non-invasive method modulating cortical excitability
in a polarity-dependent way. At present, only few studies investigated the effects of tDCS on the
modulation of functional connectivity between remote cortical areas.
Objective
In the present study we aimed to investigate the impact of bipolar tDCS on cortical networks
connectivity through graph theoretical analysis.
Materials & Methods
High-density EEG recordings were acquired before and after bipolar anodal, cathodal and sham tDCS
applied over the primary motor cortex of the dominant hemisphere in 14 healthy subjects.
Results
Results showed that, after bipolar anodal tDCS stimulation over the dominant primary motor cortex the
related brain network presented a more small-worldnessy, meaning a global tendency to be more
random in its functional connections respect to prestimulus condition in both hemispheres.
Conclusions
Our results suggest that tDCS is able to modulate globally the cortical connectivity of the brain,
modifying the underlying functional organization via complex pattern of direct and indirect cortical
activations or inhibitions of the stimulated networks, which might be related to changes in synaptic
efficiency of the motor network and related brain areas.
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Neurobiology of Deception and Moral Cognition
*A. Karim1, R. Khalil1,2, M. Schneider3, M. Lotze3,4, E. Khedr5, N. Birbaumer3
1University Clinic of Psychiatry and Psychotherapy, Tuebingen, Germany
2Institute for Pharmacology and Toxicology, Faculty of Medicine, Otto-von-Guericke University,
Magdeburg, Germany
3Institute of Medical Psychology and Behavioral Neurobiology, Tuebingen, Germany
4Department of Functional Imaging, Center for Diagnostic Radiology and Neuroradiology, University of
Greifswald, Greifswald, Germany
5Department of Neurology, Faculty of Medicine, Assiut University, Assiut, Egypt
Question
Recent neuroimaging studies have suggested that the anterior prefrontal cortex (aPFC; BA 9/10) is
involved in deception and moral cognition. However, since neuroimaging techniques only allow
correlative statements, the functional contribution of the aPFC to deception and moral cognition
remains elusive.
Methods
In the first experiment we investigated, if modulating the excitability of the aPFC by transcranial direct
current stimulation (tDCS) would alter deceptive behavior. Forty-four subjects participated in a thief
role play, in which they were supposed to steal money and then to attend an interrogation with the
Guilty Knowledge Test. In addition, the skin-conductance response (SCR) and the reaction time during
verbal response (lie vs. truth) were measured. In a double-blind repeated measures design subjects
received during the interrogation cathodal, anodal or sham tDCS. Furthermore, in order to measure
skilful lying, we developed a lying quotient (LQ) relating the frequency of lies on critical questions to
the frequency of lies on uncritical questions. In a second experiment we investigated, if modulating the
excitability of the aPFC by transcranial direct current stimulation (tDCS) would alter moral judgments.
Results
Remarkably, inhibition of the aPFC by cathodal tDCS did not lead to an impairment of deceptive
behavior but rather to a significant improvement. This effect could be seen by faster reaction times in
telling lies, but not in telling the truth, a decrease in sympathetic SCR and feeling of guilt while
deceiving the interrogator compared to sham stimulation and a significantly higher LQ, which reflects
skillful lying. Enhancing the excitability of the aPFC by anodal tDCS did not affect deceptive behavior,
underpinning the specificity of the stimulation polarity. Moreover, in the second experiment we have
shown that inhibition of the aPFC reduces moral conflict and reaction time while subjects are
performing moral dilemma tasks.
Conclusions
These findings give causal support to recent correlative data obtained by fMRI studies indicating a
predominant role of BA 9/10 in deceptive behavior. Moreover, our findings suggest that inhibition of
BA9/10 reduces the moral conflict during deception, presumably evoked by performing a selfperceived wrongful act.
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Investigations of general cognitive ability on the efficiency of slow oscillatory-tDCS
*P. C. Koo1, K. Schneider1, M. Moelle1, L. Marshall1
1University of Luebeck, Institute f. experimental and clinical pharmacology and toxicology, Lübeck,
Germany
Introduction
Application of SO-tDCS during NREM sleep has shown to be beneficial for consolidation of declarative
memories, although contradictory reports also exist [1]. Specifically the disparate results of individual
studies led us to investigate task and trait-dependent effects of SO-tDCS on modulating endogenous
brain rhythms and its impact on memory consolidation.
Objectives
The aim of the present study is to determine the interaction between general cognitive abilities and the
efficiency of SO-tDCS on manipulating endogenous EEG activity and memory performance.
Methods
Young healthy students (n=14, 8 females) participated in three experimental sessions of nocturnal
sleep with EEG, EOG and EMG recordings: Stimulation, Sham and one Baseline session without
learning. Five different tasks were to be learned prior to sleep and contents recalled the following
morning. SO-tDCS (0.8 Hz) was applied during a stimulation period within early NREM sleep. This
stimulation consisted five 5-min blocks of SO-tDCS followed each by a 60-sec stimulation free interval.
IQ performance was tested 7 days after the last sleep session.
Results
Participants improved on the figural paired-associate task significantly during the stimulation condition
as compared to sham (p < 0.01). During the first 150 min of NREM sleep subsequent to the
stimulation period fast spindle (12-15 Hz) count and density were significantly higher at centro-parietal
regions than during a comparable time period during the sham session (p < 0.005). Preliminary
analyses detected a correlation between the efficiency of SO-tDCS and overall IQ performance [2].
Summary
Our study suggests that externally applied electric fields during NREM sleep can alter endogenous
oscillations in the hours following stimulation and this favours the consolidation of a declarative
memory. Furthermore, the correlation with IQ performance suggests SO-tDCS efficiency is dependent
upon interactions with non-task and or non-state dependent features.
References
[1] Barham, et al., Transcranial electrical stimulation during sleep enhances declarative (but not
procedural) memory consolidation: Evidence from a meta-analysis. Neuroscience and Biobehavioral
Reviews 2. Bäumler G, Lern- und Gedächtnistest LGT-3. Hogrefe, Göttingen 1974
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Modulation of food and body weight implicit attitudes with non-invasive brain stimulation
techniques.
*G. Mattavelli1, L. J. Romero lauro1, A. D'Agostino1, G. Schiena1, S. Bertelli1, G. Ruggero1, C.
Papagno1
1University of Milano-Bicocca, Milan, Italy
Introduction
Non-invasive brain stimulation (NiBS) techniques have been increasingly used in experimental and
clinical studies on food-related behaviours and psychopathologies. However, results are still
controversial on what concerns the neural mechanisms underlying eating disorders and the possibility
to modulate eating behaviours with NiBS techniques in healthy and clinical populations. This study
investigates these issues assessing the effects of transcranial magnetic stimulation (TMS) and
transcranial direct current stimulation (tDCS) on attitudes towards food in healthy volunteers and
patients with eating disorders.
Methods & Results
In experiment 1, we applied TMS on the medial prefrontal cortex (mPFC) of healthy participants and
showed that this area was causally involved in monitoring implicit attitudes towards food measured
with the implicit association test (IAT). In experiment 2, we are assessing in healthy volunteers and
patients with anorexia or bulimia nervosa the effect of applying anodal tDCS over mPFC and
extrastriate body area (EBA) on attitudes towards food and underweight or overweight body shapes,
as measured by IATs. Preliminary results on a healthy sample show no significant modulation of IATs
by mPFC- or EBA-tDCS, in particular, differently from mPFC-TMS, mPFC-tDCS does not affect IAT on
food preference. However, we expect different behavioural performances and tDCS-related
modulations in the clinical population.
Conclusion
Taken together, our results could shed light on the effects of different NiBS protocols on implicit
attitudes in eating disorders. In particular, using the same behavioural paradigm with different
populations and NiBS techniques we aim at clarifying the role of different target areas which could be
selected for clinical trials in future research.
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The Automatic Neuroscientist: Tailoring tACS using real-time fMRI and Bayesian optimization
*R. Lorenz1, R. P. Monti1, A. Hampshire1, Y. Koush2, C. Anagnostopoulos1, A. Faisal1, D. Sharp1, G.
Montana1,3, R. Leech1, I. Violante1
1Imperial College London, London, Great Britain
2Ecole Polytechnique Fédérale de Lausanne, Geneva, Great Britain
3King's College London, London, Great Britain
Introduction
The conventional tACS approach involves defining the frequency and phase of stimulation ad hoc and
testing them on a cohort of subjects. However, this approach exhibits two limitations: (1) the brain
networks targeted by the stimulation cannot be verified without simultaneous functional magnetic
resonance imaging (fMRI); (2) those stimulation parameters may vary across subjects due to
difference in anatomy or heterogeneity in disease. Yet, there is a combinatorial explosion in the
biologically plausible range of stimulation frequencies and phases, resulting in thousands of
possibilities. Identifying the optimal stimulation protocol for a given individual is like ‘finding a needle in
a haystack’. Therefore, using conventional methodology makes tailoring tACS to an individual highly
unfeasible.
Methods
To address this fundamental challenge, we combine tACS with an innovative framework that utilizes
real-time fMRI and machine-learning: The Automatic Neuroscientist [1]. The framework starts with a
target brain state and finds a set of tACS parameters (frequency and phase of stimulation) that
maximally activates it. This is done in a closed-loop fashion (Fig. 1), i.e. real-time fMRI provides
instantaneous information on how effective certain stimulation parameters are. Based on this, the
Bayesian optimization approach proposes the combination of tACS parameters that will be applied in
the next iteration. This cycle continues until the Automatic Neuroscientist identifies the sweet spot
within the exhaustive parameter space (Fig. 2) that maximally activates the target brain state.
Results
We could demonstrate the technical feasibility of novel neurotechnology that combines real-time fMRI,
machine-learning and tACS in a fully automated manner. Moreover, we showed that our closed-loop
framework is far more efficient that the standard approach.
Conclusion
We envision that our framework will advance personalized treatment by means of non-invasive brain
stimulation. This will be of particular importance for neurological and psychiatric deficits that are diffuse
and widely heterogeneous in their origin.
References
[1] Lorenz et al. (2016), “The Automatic Neuroscientist: A framework for optimizing experimental
design with closed-loop real-time fMRI”, NeuroImage,129, 320-334.
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A tale of two networks: a simultaneous Fmri-tDCS study of anodal versus cathodal stimulation
*L. Li1, I. Violante1, E. Ross1, R. Leech1, A. Hampshire1, D. Carmichael2, D. Sharp1
1Imperial College London, Division of Brain Sciences (C3NL, Level 3), London, Great Britain
2UCL Institute of Child Health, Developmental Imaging and Biophysics, London, Great Britain
Introduction
The right inferior frontal gyrus (rIFG) is important in co-ordinating changes in network activity, which
underlie normal cognitive control [1]. TDCS can modulate cognition, though little is known about its
neurophysiological effects.
Objectives
To investigate the neurophysiological effects of rIFG (F8) anodal (a-tDCS) and cathodal (c-tDCS)
tDCS.
Materials & Methods
26 controls participated in a novel simultaneous fMRI/tDCS study. Subjects performed a blocked
Choice Reaction Time task (CRT) (fixation cross between task blocks) and had 3 types of tDCS
(1.8mA: a-tDCS, c-tDCS or sham), giving 6 possible combinations (Fig. 1).
Subjects then performed 3 runs of a Stop Signal Task (SST), an inhibitory control task requiring
subjects to withhold an automatic response when an infrequent ‘Stop’ signal appears. Each run had
sham, a-tDCS or c-tDCS (2mA), in a counterbalanced order across participants.
FMRI was analysed in the FMRIB FSL package.
Results
CRT performance activated the Dorsal Attention Network, sensorimotor and primary visual areas and
deactivated the Default Mode Network (DMN), as seen in [2] (Fig. 2A).
The effect of tDCS depends on:
 1. Brain state: tDCS/fixation and tDCS/task had opposing effects on DMN and task network
activity (Fig. 2B)
 2. Electrode polarity: c-tDCS/CRT produced greater activation within task regions and deactivation
of DMN regions than a-tDCS/CRT (Fig. 2C).
Inhibiting a response in the SST led to expected DMN deactivation [3]. Compared to sham tDCS,
when inhibiting a response, c-tDCS resulted in:
 A failure to deactivate the medial frontal cortex, a key DMN node (p=0.03).
 Increased activation of a right frontal-subthalamic network important in inhibitory control [4]
(p=0.02).
Conclusions
Short periods of tDCS can modulate brain network activity. The neurophysiological effect of tDCS is
strongly dependent on underlying brain state. C-tDCS and a-tDCS have distinct effects on brain
network activity.
References
[1] Hampshire A et al 2015. TICS, 1-8
[2] Sharp DJ et al 2011. Brain, 134, 2233-45
[4] Aron AR et al 2006. J Neurosci, 26(9), 2424-33
[3] Bonnelle V et al 2012. PNAS, 109(12), 4290-5
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Figure 1: schema of combined tDCS/fMRI blocked CRT protocol [A] and the CRT [B] and SST [C]
tasks
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Figure 2: fMRI results of blocked CRT
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Affective responses, body ownership and rubber hand illusion: EEG and fNIRS data
*I. Venturella1,2, V. Milone2, D. Crivelli1,2, M. Balconi1,2
1Research Unit in Affective and Social Neuroscience, Catholic University of Milan, Milan, Italy
2Department of Psychology, Catholic University of Milan, Milan, Italy, Milan, Italy
Introduction
It is known that the synchronized tactile stimulation of a person’s hand and of a rubber hand placed in
front of him/her may result in the wrong attribution of tactile sensations to the fake hand and eventually
in the embodiment of such external object in the person’s body schema. Such phenomenon is known
as rubber-hand illusion (RHI) and is grounded on the incongruence between what a person feels and
what they actually see. When the illusion has been induced, participants tend to provide irrational
explanations for such unusual sensory phenomena, and stimuli next to the artificial hand may be able
to elicit behavioural and neural responses that would normally occur if they had been presented next
to the participant’s own hand.
Objective
While behavioural correlates of such illusion are quite known, emotional responses related to
embodied fake hands are still a matter of debate. We then implemented the classic RHI paradigm with
an additional affective stimulation step so to explore the extent to which an embodied rubber hand can
be processed as part of one’s own body and, then, can be associated to proper affective responses.
Materials & Methods
The illusion was induced in 16 participants. They were asked to wear an electroencepalography and
functional near-infrared spectroscopy (EEG-fNIRS) cap and to place their right hand behind a screen.
Participants’ hidden hand and a fake hand were then synchronously stimulated with two brushes for
three minutes. Three stimulation sessions were preceded by baseline recordings and followed by a
negative affective stimulation condition (showing a fake snake near to the fake hand) or a control
condition.
Results
Electrophysiological and hemodynamic correlates of illusion-inducing tactile stimulations and of the
emotion-inducing stimulation were co-recorded thanks to an integrated EEG and fNIRS setup.
Analyses highlighted a peculiar involvement of temporal-parietal areas during RHI after the emotional
stimulation, as marked by an increase of EEG power. The contribution of frontal areas during the
adverse emotion-inducing condition was suggested by a modulation of fNIRS hemodynamic
measures.
Conclusion
The integration of electrophysiological and hemodynamic measures suggests that exposure to an
adverse stimulus - even if directed to an embodied external object - may elicit proper affective
responses and influence subsequent re-embodiment and body ownership mechanisms.
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Effects of transcranial direct current stimulation on the functional coupling of the sensorimotor
cortical network.
*R. Di Iorio1, F. Vecchio2, M. C. Pellicciari3, F. Miraglia2, D. Brignani3, G. Granata1, C. Miniussi4, P. M.
Rossini2,1
1Catholic University of Sacred Heart - Policlinico Gemelli Foundation, Institute of Neurology, Rome,
Italy
2IRCCS San Raffaele Pisana, Brain Connectivity Laboratory, Rome, Italy
3IRCCS Centro San Giovanni di Dio - Fatebenefratelli , Cognitive Neuroscience Section, Brescia, Italy
4University of Brescia, Neuroscience Section, Department of clinical and experimental Sciences,
Brescia, Italy
Introduction
Transcranial direct current stimulation (tDCS) is well establishedamong the non-invasive brain
stimulation techniques as a method to modulate brain excitability. Polarity-dependent modulations of
membrane potentials are detected after the application of anodal and cathodal stimulation, leading to
changes in the electrical activity of the neurons.
Objective
The main aim of the present study was to test the hypothesis that tDCS can affect in a polarityspecific
manner the functional coupling of the sensorimotor areas during the eyes-open resting condition as
revealed by total EEG coherence (i.e., coherence across the average of all combinations of the
electrode pairs placed around the stimulation electrode).
Material & Methods
The changes in the total EEG coherence were evaluated pre-, during, and post-anodal and cathodal
tDCS.
Results
While no differences were observed in the connectivity characteristics of the two pre-stimulation
periods, a connectivity increase was observed in the alpha 2 band in the post-anodal tDCS with
respect to pre-anodal and post-cathodal tDCS.
Conclusions
The present study suggests that a specific approach based on the analyses of the functional coupling
of EEG rhythms might enhance understanding of tDCS-induced effects on cortical connectivity.
Moreover, this result suggests that anodal tDCS could possibly modify cortical connectivity more
effectively with respect to cathodal tDCS.
Figure 1

Figure 2
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The effect of age and cognitive load on prefrontal neurofunctional lateralization: a tDCS study
*A. Vergallito1, M. Berlingeri2, L. Danelli1, L. Zapparoli3, L. J. Romero Lauro1
1Milano-Bicocca University, Psychology, Milano, Italy
2Urbino University, Humanities and Philosophy, Urbino, Italy
3IRCCS Galeazzi, Milano, Italy
Question
Neuroimaging studies suggest that brain aging can be characterized by a reduction of hemispheric
lateralization while performing tasks that require the use of complex cognitive functions. Recently,
some authors proposed that even young people show bilateral neural activation as task demand
increased.
In most studies, however, task’s difficulty had been parametrically increased in a static and prespecified way, while individual response to task-demand was not systematically controlled.
In the present study we investigate changes in neurofunctional lateralization due to increasing
subjective cognitive load in young and older participants performing tasks involving different cognitive
functions.
Methods
24 young participants and 12 older adults performed a digit span backward (complex cognitive
function) and a finger tapping task (basic motor function) at 3 levels of subjective task difficulty ("easy"
5/5 correct answers, "medium" 3/5, "difficult" 1/5) which were established before starting the
experiment. Participants took part at three sessions in three different days: two real stimulation
conditions and a sham condition. In the real conditions anodal tDCS (20 min, 1.5 mA) was delivered
through a target electrode (5x5cm) positioned to stimulate both the inferior frontal gyrus and the
primary motor area, once over the left hemisphere and once over the right one. The cathode was
placed over the contralateral supraorbital area.
Results
A 3 (left, right, sham) x 3 (easy, medium, difficult) mixed-model with random intercepts for subjects
was run within each group.
For the young group a significant interaction between difficulty and stimulation was found: right tDCS
deteriorates the performance only during the hardest condition. The preliminary results obtained from
the 12 elderlies suggest instead that tDCS influence performance only for the "easy" and "medium"
conditions.
Conclusions
The results support the hypothesis that hemispheric lateralization is influenced by the subjective level
of difficulty of the task. Our findings are also consistent with the hypothesis of a limited reserve of
cognitive resources. Results will be presented and discussed in relation to recent neurocognitive
models of aging.
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Repetitive TMS can modulate local phase and global phase synchronization of human brain
activity
*Y. Okazaki1, Y. Nakagawa1, T. Hanakawa1,2, Y. Mizuno1,2, K. Kitajo1,2
1RIKEN, Saitama, Japan
2National Center of Neurology and Psychiatry, Tokyo, Japan
The brain is certainly a nonlinear dynamical system which exhibits intriguing features such as
oscillations and synchronization of neural activity. A number of studies have indicated that
synchronous neuronal oscillations in different frequency bands are responsible for distinct classes of
cognitive processes, e.g. perception and cognition. Furthermore, large-scale phase synchronization of
oscillatory activity is a plausible mechanism for network communication between distant areas. To
gain a further understanding of the causal links between phase synchronous neural oscillations and
cognitive functions, we tested if we can directly manipulate the local and global phase dynamics of
ongoing oscillations by TMS (Transcranial magnetic stimulation)-EEG (Electroencephalography)
concurrent recordings in the human brain.
Fourteen healthy volunteers participated in the experiment after giving written informed consent. While
participants fixate a central cross with earplugs to attenuate TMS click sound, single-shot TMS, or
repetitive TMS (rTMS) (5, 11, 23 Hz, 5-pulse trains) were delivered to the right visual or the left motor
cortices at the intensity of 90% active motor threshold. We removed TMS-related EEG artifact by a
combination of linear interpolation and ICA. We assessed spatiotemporal profiles regarding
instantaneous phase and amplitude dynamics for the EEG data.
At the local stimulation site, we observed prominent phase locking at each stimulation frequency in
both visual and motor cortices. We found that phase locking was progressively enhanced by
successive TMS pulses within a stimulus train. Moreover, the enhanced phase locking was likely to
last for a few cycles after stimulation. Intriguingly, phase synchronization between the stimulation area
and other brain areas was also enhanced at the stimulation frequency.
We have demonstrated that rTMS can control local and global phase synchronization of ongoing
oscillations in a frequency-specific way. rTMS, therefore, can be a promising tool for probing causal
links between large-scale phase synchronization and brain functions in future We suggest that there is
a great potential to aid and augment the disabled human performance associated with impaired
synchrony by boosting synchrony in a frequency-specific manner by rTMS
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Asymmetric function of the right and left inferior parietal lobule in mind wandering - A tDCS
and fMRI study
*S. Kajimura1,2, T. Kochiyama3, R. Nakai4, N. Abe4, M. Nomura1
1Kyoto University, Graduate School of Education, Kyoto, Japan
2Japan Society for the Promotion of Science, Tokyo, Japan
3ATR Brain Information Communication Research Laboratory Group, Kyoto, Japan
4Kyoto University, Kokoro Research Center, Kyoto, Japan
Recent researches have shown that inappropriate self-generated thought, namely mind wandering
(MW), is decreased by transcranial direct current stimulation (tDCS) of the right inferior parietal lobule
(IPL) through altering information flow within the default mode network (DMN). However, it remains
unknown whether this effect is specific to the “right” IPL.
We explored the difference of right and left IPL involvement in MW using tDCS and fMRI. As the right
IPL has been indicated to regulate other core regions of the DMN, any reduction in MW resulting from
tDCS should be observed only by right IPL stimulation.
Twenty-seven non-clinical subjects were allocated to either a right- or left-tDCS group and completed
two experiments with different tDCS conditions (real and sham) over an interval of more than a week
(the experiment order was counterbalanced). On both days subjects underwent resting-state fMRI
before and after tDCS. After the second scan they completed an attention task containing thought
probes measuring their attentional state (on-/off-task). The ratio of off-task thoughts was defined as
MW propensity. In the real tDCS condition, direct current (density: 0.043 mA/cm2) was applied through
anodal electrodes placed on either the right or left IPL (reference: contralateral cheek) for 20 min.
At the behavioral level, only stimulation of the right IPL decreased MW propensity compared to the
sham condition. In parallel, directed connection strengths within the DMN core regions (calculated by
spectral dynamic causal modeling) significantly changed only by stimulation to the right IPL. As anodal
tDCS is thought to enhance original connectivity/function, this supports the possibility that the right but
not the left IPL regulate other DMN regions. Mediation analysis further revealed that the changes to
the recurrent connections of the posterior cingulate cortex and its afferent connections from other core
regions of the DMN partially mediated the decrease in MW. Interestingly, in contrast with the inhibitory
function of the right IPL connections, the left IPL connections were associated with increasing MW.
In conclusion, the present study is the first to demonstrate the neural asymmetry of right and left IPL
function in MW.
Figure 1: Schematic diagram of our experimental paradigm.
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Figure 2: Summary of the results.

189

P121
The neurophysiological underpinnings of mirror-touch synaesthesia: a TMS-EEG study
*L. J. Romero Lauro1, A. Pisoni1, A. Vergallito1, N. Bolognini1,2
1University of Milano-Bicocca, Pychology, Milano, Italy
2IRCCS Istituto Auxologico Italiano, Laboratory of Neuropsychology, Milano, Italy
Introduction
Mirror-touch synaesthesia (MTS) is the condition in which the view of a touch delivered to another
person’s body (but not to objects) elicits subjective conscious tactile sensations on own body. At a
neurophysiological level, MTS has been associated to an unusual hyper-activation of the tactile mirror
system (Blakemore et al., 2005; Ward & Banissy, 2015). Recent studies showed that increasing the
excitability of primary somatosensory cortex (S1), by mean of non-invasive brain stimulation
techniques, induces MTS-like responses even in non-synaesthetes in a vision-touch spatial congruity
task (Bolognini et al., 2013, 2014). However, it is not clear yet whether synaesthesia-like sensations
were induced through direct modulation of S1, or by modulating the functional interplay between SI
and other connected brain regions.
Objectives
This study aims at clarifying this issue by exploring changes in S1 cortical excitability and connectivity
by means of TMS-EEG technique.
Materials and Methods
10 healthy volunteers participated to the study. 4 TMS-EEG recordings were performed; in each 180
TMS single pulses were delivered to right S1 while participants were exposed, in a random order, to
three conditions: i) experiencing a real touch on the left hand (touch), the view of video-clips depicting
either ii) a touch to another person’ hand (mirror-touch) or iii) a touch to a leaf (control stimulus).
Concomitant EEG was recorded by a 60 channels cap. TMS pulses were delivered at two SOAs: 50
ms or 150ms from stimulus onset.
Results
In the touch condition, TMS at 50 ms elicited greater TEPs than at 150ms. Conversely, in the mirrortouch condition, TEPs increased at 150ms as compared to 50ms SOA. No difference across SOAs
were present instead for TEPs in the control condition. Comparing the three conditions, the greatest
mean TEPs on right S1 occurred in the touch condition, followed by the mirror-touch, both eliciting
greater TEP than the control condition.
Conclusions
Preliminary results suggest a rise of S1 cortical excitability at 50 ms SOA in the touch condition, i.e.
when the tactile stimulus processing is taking place, and, crucially, at 150 ms SOA in the mirror-touch
condition.
Figure Legends
Mean TEPs recorded from right S1 in the touch (Figure 1) and mirror-touch (Figure 2) condition at
50ms and 150ms SOA
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Figure 1

Figure 2
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Contribution of integrated somatosensory and auditory inputs to the cortical response evoked
by transcranial magnetic stimulation: a sham TMS-EEG study
*V. Conde1, I. Akopian1, L. Tomasevic1, K. Stanek1, T. O. Bergmann1, H. R. Siebner1
1Danish Research Centre for Magnetic Resonance, Hvidovre, Denmark
Transcranial Magnetic Stimulation (TMS) can effectively stimulate non-invasively the human cortex.
The TMS-evoked cortical response can be recorded with electroencephalography (EEG). However,
TMS also stimulates our senses by stimulating peripheral trigeminal nerve fibers and creating a loud
click. This implies that the TMS-evoked EEG response not only reflects neural activity induced by
transcranial excitations of neurons but also neural activity due to somatosensory and auditory
stimulation. To characterize the contribution of multisensory peripheral stimulation to TMS-evoked
cortical potentials (TEPs), we recorded the evoked EEG response caused by a somato-auditory sham
condition which mimicked real TMS. In 20 healthy individuals, TMS was delivered with a figure-of-eight
coil over two target sites (posterior parietal cortex and superior frontal gyrus) using two different coil
orientations, perpendicular or parallel to sulcus orientation. The sham condition comprised of
simultaneous somatosensory and auditory stimulation over the same hotspots as for real TMS.
Somatosensory stimulation was achieved via cutaneous electrical stimulation of the scalp, while the
TMS coil was used for auditory stimulation ensuring no electric field was induced in the brain by
physically separating the coil from the scalp. EEG was acquired with a 61-channel TMS-compatible
EEG system. While the early cortical potentials evoked by real or sham TMS differed, TEPs were
closely matched in terms of shape and spatial distribution for late components of the evoked EEG
responses 70 to 200 ms after the TMS pulse (see Figure 1). This was also the case for the N100
which has been commonly attributed to TMS-induced cortical inhibition. The resemblance of the EEG
responses evoked by real and sham TMS challenges the notion that TEPs are mainly reflecting
transcranial excitation of cortical neurons. This work has been funded by the Novo Nordisk Foundation
Interdisciplinary Synergy Program 2014 [“Biophysically adjusted state-informed cortex stimulation
(BASICS); Grant number NNF14OC0011413].
Figure 1
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Repeated measure stability of prefrontal transcranial direct current stimulation (tDCS) on
functional MRI connectivity in healthy subjects
*J. Woersching1, K. Helbich1, U. Kumpf2,1, B. Ertl-Wagner2, F. Padberg1, D. Keeser2,1
1LMU, Psychiatry and Psychotherapy, Munich, Germany
2LMU, Clinical Radiology, Munich, Germany
Previous studies have shown that transcranial Direct Current Stimulation (tDCS) modulates functional
brain connectivity. For example, increased connectivity within the Frontal Parietal Network (FPN) was
found following anodal stimulation of the prefrontal cortex (PFC) (Keeser et al., 2011; Pena-Gomez et
al., 2012), potentially reflecting a state of enhanced alertness. The aim of this study is two-folded:
First, we want to investigate the stability of tDCS- and tACS-induced resting state network (RSN)
modulations. Secondly, we are looking at additive effects of tACS on RSN modulations by comparing
tACS stimulation preceded by sham tDCS to tACS stimulations preceded by active tDCS.
We applied tDCS and tACS over the dorsolateral PFC (anode placed over F3, cathode over F4;
intensity: 2mA (tDCS), 25 Hz (tACS)) during concurrently acquired resting-state functional Magnetic
Resonance Imaging (MRI). 20 male participants were tested according to a between-subject, doubleblinded design. Each participant received 20 minutes of either real or sham tDCS and 10 minutes of
tACS stimulation, each preceded and ensued by a resting state examination of 10 minutes. This
procedure was conducted three times with at least seven days between each measurement to avoid
carry-over effects. Within one participant, stimulation condition (real vs. sham tDCS) was held constant
across all time points. The tACS stimulation was always an active stimulation.
Based on whole-brain dual-regression analysis, preliminary results showed a significant effect for the
comparison post tDCS > baseline across time points in two RSNs at an uncorrected p < 0.001 (cluster
size, > 20 voxels). For the Default Mode Network (DMN), an increased coactivation in the left superior
frontal gyrus was observed for group2. In the same group, increased coactivations were also identified
for the right FPN in the left and right superior frontal gyrus. In group 1, no significant differences were
found for the left FPN, but there was increased activation in the sub gyral for the DMN in this group.
Group comparisons (post tDCS > baseline) across time points show increased activations within the
left and right superior frontal gyrus for group 2. To test for test-retest reliability of tDCS, correlations
between the tDCS effects of each time point can be calculated.
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Real-time source-level EEG network activity state triggered TMS with millisecond resolution
*P. Belardinelli1, D. Desideri1, C. Zrenner1, U. Ziemann1
1University of Tuebingen, Neurology, Tuebingen, Germany
Question
Closed-loop methods that trigger the TMS pulse based on the EEG signal are increasingly available,
however, current systems rely on the data of a small number of channels and the signal at sensor
level cannot be localized to a specific brain area. The challenge is to analyze a sufficient number of
EEG channels in real-time to enable spatially localized estimation of individual brain network activity.
Methods
EEG data is acquired using a high-density TMS compatible recording system and streamed online to a
real-time digital processing system based on Simulink. A sliding window of data is used to estimate the
sources that give rise to the EEG signal using a spatial filter computation executed on the processor
as the signal is acquired. The forward model is computed based on the MRI data using a FEM model
to solve the forward problem. The leadfields are calculated employing the neuronavigated electrode
positions and then employed to compute the real-time LCMV beamforming. Instantaneous phase is
estimated at multiple source-level location simultaneously using parallel sliding windows of band-pass
filtered data preceding the current time, each extended into the future in real-time using autoregressive
model, with instantaneous phase estimated using a Hilbert transform.
Results
A latency of < 1 millisecond is achieved in estimating the phase at source level with custom real-time
software. A validation study with healthy individuals shows that the instantaneous phase of three
distinctly localised brain areas within the motor network both intra- and inter-hemispherically can be
estimated in real-time with reòiable accuracy.
Conclusions
A novel technique enabling TMS triggered by the instantaneous phase-state of the individual network
is presented. This is a significant extension of the current state-of-the-art and could enable the
development of more effective personalized closed-loop neuromodulatory stimulation protocols.
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Spatiotemporal and task dependence of broadband aftereffects observed following parietal 10Hz tACS: a MEG Study
*C. Tesche1, J. Houck1,2
1University of New Mexico, Psychology, Albuquerque, United States
2The MIND Research Network, Albuquerque, United States
Introduction
Rhythmic tACS is known to entrain brain oscillations. Less well characterized are aftereffects of tACS
that may result from stimulation-driven entrainment and/or cross-frequency coupling or more generally
from broadband responses determined by intrinsic and/or task-dependent local and brain network
properties [1].
Objective
To characterize aftereffects of 10-Hz tACS within multiple cortical and subcortical brain regions.
Materials & Methods: 10-Hz active (1mA, 20min) and sham (1mA, 30s) tACS was applied in separate
experimental sessions over bilateral parietal cortex (P3/P4) during performance of a visual global/local
attention task. Structural MRI/MEG data were obtained from 8 healthy adult participants. Images
presented were “global” letters (H or S) composed of smaller, “local” letters (H or S). A visual cue
switched motor responses between global and local features. MEG data were cleaned with Elekta
Neuromag MaxFilterTM. Brainstorm was used to remove eyeblink and cardiac artifacts and to extract
Morlet time-frequency (TF) waveforms for brain regions in the Desikan-Killany atlas. Power TF plots
were averaged across participants and compared (active vs. sham, t-test p 0.05) for a subset of 1612
sham/active global/local trials recorded ~5 and ~10 minutes post stimulation.
Results
Significant increases in alpha and beta were seen in bilateral inferior parietal cortex, with increased left
hemisphere gamma for “local” but not “global” trials. Task-related decreased activation at alpha, beta,
~30 Hz and gamma was observed in left hippocampus for both “local” and “global” trials. Aftereffects
were also observed in bilateral superior parietal, superior frontal and lateral occipital cortex as well as
medial orbitofrontal cortex, precuneus and cerebellum
Conclusion
We found complex frequency- and task-dependence of oscillatory activity following 10-Hz tACS,
supporting the notion that aftereffects are modulated by intrinsic and/or task-dependent local and
network properties.
Reference
[1] Veniero D et al. Front Cell Neurosci. 2015 Dec 15;9:477.
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Figure 1

Figure 2
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A combined EEG and alpha tACS study on visual working memory in healthy ageing
*G. Grande1, M. Golemme1, E. Tatti2, S. Chiesa2,3, J. Van Velzen1, C. Di Bernardi Luft4, M. Cappelletti1
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2University of Siena, Siena, Italy
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4Queen Mary, University of London, London, Great Britain
Visual working Memory abilities (VWM) are known to diminish in healthy ageing (Brockmole et al.,
2013), but the nature of this deterioration is still not well understood. A recent line of research has
suggested that an impaired top-down suppression of irrelevant information (i.e. inhibitory abilities)
might explain this decline (Gazzaley et al, 2005, 2007). Electrophysiologically, impoverished inhibitory
abilities have been linked to alpha band oscillations (8-12 Hz, Klimesch et al, 2007), which is also
known to be diminished in elderly (Ho et al, 2012). This therefore suggests a possible causal link
between alpha oscillations and age-related VWM abilities difficulties.
In this study, we sought to provide behavioural evidence of the causal role of alpha power oscillations
in supporting inhibitory control in VWM. Specifically, using Alpha-power brain stimulation (tACS) we
tested: (1) behaviourally, whether inhibitory abilities can be ameliorated in ageing, and (2)
electrophysiologically (with EEG) the duration of any alpha-tACS after effects.
Methods
Nineteen healthy ageing participants were tested on two different days with a VWM retro-cueing
paradigm (Yoni et al, 2009) which assesses VWM precision and the ability to ignore task-irrelevant
stimuli. The retro-cueing task was coupled with EEG before and after participants received either 10Hz
parietal (P3 and P4) alpha-tACS or sham (in different sessions counterbalanced across all
participants) while performing the same task.
Results
Relative to sham, Alpha-tACS modulated participants’ ability to ignore task-irrelevant stimuli, an
improvement maintained for 6-10 mins during the following EEG recording. This change corresponded
to a significant positive correlation with the absolute amplitude of the N200 peak recorded at a left
parietal site (P3).
Conclusions
Inhibitory control abilities in VWM are causally linked to alpha frequency in healthy ageing participants
who become better at suppressing task-irrelevant stimuli following Alpha-tACS0. The improved
performance positively correlated with the absolute amplitude of N2 component at the P3. This effect
may correspond to increased attentional resources directed to a stimulus, due to Alpha inhibiting the
allocation of attentional resources to distracting stimuli.
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Physiologic artifacts when combining EEG and tDCS
*N. Gebodh1, D. Adair2, K. Chelette3, Z. Esmaeilpour1,4, M. Bikson1, J. Dmochowski1
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4 Amirkabir University of Technology, Biomedical Engineering Department, Tehran, United States
The field of non invasive brain stimulation (NIBS) has benefited from integration with imaging including
magnetic resonance imaging (MRI) and electroencephalography (EEG). Several studies have reported
on concurrent tDCS and EEG, and used signal processing of varying complexity (e.g. high-pass
filtering to ICA) to remove “non-physiologic stimulation artifacts” - namely artifacts arising from nonideal stimulation and recording amplifier performance. None has addressed “physiologic artifacts”
which are defined here as non-stationary changes in artifacts resulting from interactions between the
stimulation induced voltage and body. We identified and systematically characterized a series of tDCS
induced physiologic and non-physiologic artifacts during concurrent EEG and High Definition (HD) tDCS, and adapted subject-specific computational modeling to corroborate physiological EEG findings.
Physiologic artifacts include 1) cardiac distortion; 2) ocular motor distortion; 3) movement (myogenic)
distortion. In each case, the artifact was montage, intensity, and polarity specific; as such
contamination from these physiologic artifacts cannot be accounted for by typical control experiments
(e.g. EEG changes that are dose specific). High resolution finite element models explained artifact
based on specific impedance changes. Importantly a) physiologic artifacts are universal, they are
nominally independent of device and so exist regardless of devices; b) the broad-band nature of
contamination may confound a broad range of experiments (e.g. oscillations, ERP); c) removal of
artifacts requires recognition of their peculiar dynamic and individualized nature.
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Prefrontal cortical excitability enhancement after cathodal tDCS: A multimodal study
*C. Rodella1,2, J. Cespon2, C. Miniussi2, P. M. Rossini1, M. C. Pellicciari2
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Introduction
Transcranial direct current stimulation (tDCS) is a non-invasive technique that is increasingly used in
neuroscience, as it has the potential to induce cortical excitability changes (Nitsche et al, 2008; Woods
et al, 2016). Specifically, tDCS has been widely applied to study cognition. Nevertheless, differently
from motor system, applying tDCS in cognitive domains does not allow to have a direct physiological
measure able to monitor polarity-dependent effects on cortical excitability. Event related potentials
(ERPs) and TMS-evoked potentials (TEPs) could represent valuable surrogate markers of cortical
excitability changes (Kesser et al, 2011; Miniussi and Thut, 2010).
Objective
The purpose of the present study was verifying the capability of tDCS to modulate cortical reactivity
(using TEPs) of prefrontal cortex and characterizing the electrophysiological correlates (using ERPs)
of cognitive processes underlying a working memory task.
Materials & Methods
A sample of healthy young participants performed a 3-back task while EEG was recording before and
after applying 13 minutes of tDCS (anodal, cathodal and sham sessions) over the left dorsolateral
prefrontal cortex (DLPFC). TEPs were also collected before and after the tDCS.
Results
Results showed no tDCS polarity-dependent differences in task performance. However, increased
prefrontal activity was observed at 150-200ms over the stimulated region after cathodal tDCS.
Furthermore, parietal activity underlying P3 component, which was typically related to working memory
processes (Kesser et al, 2011), was larger after cathodal tDCS. Surprisingly, differences were found
only after cathodal tDCS. These results were consistent with TEPs, which were modulated by tDCS in
a polarity-dependent manner.
Conclusion
Our findings demonstrate that tDCS is able to induce prefrontal cortical activity and reactivity changes,
which can be assessed by EEG and TMS-EEG measures, even when behavioral data are not
sensitive enough to reveal functional modifications. Overall, these results suggest potential clinical
application of tDCS and utility of ERPs and TEPs to monitor cortical excitability modifications induced
by the stimulation protocols.
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Assessing the roles of Inferior parietal lobule and ventral premotor cortex in emotion body
processing: a combined cTBS-fMRI study
*T. Engelen1, M. Zhan1, A. Sack1, B. de Gelder1
1Maastricht University, Cognitive Neuroscience, Maastricht, Netherlands
Introduction
The perception of emotion stimuli in the environment prepares our bodies for action, and especially
when confronted with whole body expressions of an emotion like anger, action-related areas in the
brain are triggered. Previously, parietal dorsal stream and premotor areas have been linked as crucial
areas for processing of such stimuli, but questions about their contributions and specificity within the
body processing network remain.
Objectives
We set out to disentangle the respective roles of dorsal stream areas crucial for action observation
(Inferior Parietal Lobule (IPL)) and premotor areas involved in action preparation (ventral premotor
cortex (PMv)) in the processing of emotional bodies by assessing local as well as remote effects of
cTBS stimulation within the body processing network.
Methods
Seventeen participants completed the experiment, which consisted of three fMRI sessions. Functional
images were acquired using a 3T scanner with a 64-channel head-neck coil. During each session a
passive viewing task was performed in which blocks of short videoclips of actors performing a neutral
or angry action were presented. Two of the sessions were preceded by neuronavigated cTBS
stimulation over either rIPL or rPMv based on individual anatomy. One session was used to assess
baseline activity. During the baseline session two functional localizers were acquired to determine
regions of interest (ROI). Functional ROIs include bilateral extrastriate body area (EBA), right
temporoparietal junction (rTPJ), and right posterior superior temporal sulcus (rpSTS).
Results
Preliminary results of five particpants hint at a general decreased response to both angry and neutral
bodies in three of the functionally defined regions of interest (lEBA, rTPJ and rpSTS). Further analysis
will focus on anatomically defined ROIs representing the areas stimulated (rIPL and rPMv), as well as
whole brain group analysis comparing the three sessions.
Conclusions
Initial results confirm the involvement of rIPL and rPMv in the processing of dynamic body stimuli.
Stimulation of these areas has previously shown effects on the behavioural level, the results of the
current experiment will extend these results by showing how also remote areas involved in body
processing are affected by stimulation.
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Phase-dependent modulations of brain activity and connectivity are dependent on cognitive
state
*I. Violante1,2, L. Li1, D. Carmichael2, A. Hampshire1, J. Rothwell2, D. Sharp1
1Imperial College London, London, Great Britain
2University College London, London, Great Britain
Question
Oscillations in the theta range (4-8 Hz) are a good candidate to coordinate neuronal ensembles during
cognitive control. TACS has been shown to modulate cognitive function in a phase dependent
manner. In this study we tested the effect of tACS in two paradigms with different levels of cognitive
demand: a low-cognitive demand choice-reaction task (CRT); and a high-cognitive demand 2-back
task. Simultaneous tACS/fMRI was used to test the hypothesis that the effects of tACS on brain
activity and connectivity depend on cognitive state as well as the phase of stimulation.
Methods
TACS was delivered over F4 and P4 (with a common return in T8), at 6 Hz, 1 mA (Fig1).Experiment 1:
10 subjects performed 3 sessions of each tACS condition “Synchronized” (0°), “Desynchronized”
(180°), and sham stimulation.Experiment 2: 24 subjects had concurrent tACS and fMRI (3T, Siemens).
Results:
Experiment 1:
TACS delivered in the “synchronized” condition significantly improved reaction times in the highcognitive demanding task as compared to the sham and “desynchronized” conditions. There was no
effect of tACS in the tasks with low-cognitive demands.
Experiment 2:
1. Distinct effects of tACS were seen for tasks with different levels of cognitive demand and the effect
of tACS on brain activation is phase-dependent (Fig2). In the 2-back task, tACS delivered in the
“synchronized” condition elicited an increase in activity in task-related regions. In contrast, the
“desynchronized” condition resulted in increased deactivation of the default-mode network.
2. tACS modulates brain connectivity in a task- and phase-dependent manner. PPI analysis showed
that 0° stimulation modulated functional connectivity between the stimulated frontoparietal regions and
regions involved in cognitive control.
3. Participants that had increased brain activity during the “synchronized” condition showed faster
reaction times in the 2-back task (r = -0.4917, p=0.02).
Conclusions
We demonstrate that tACS modulates brain activity and functional connectivity in a phase-dependent
manner, which is dependent on cognitive task performance. TACS increases task-relevant functional
connectivity within regions involved in cognitive control, providing a mechanistic insight how the
technique enhances cognitive function.
Figure 1
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Figure 2
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Physiological processes non-linearly affect electrophysiological recordings during transcranial
electric stimulation
*N. Noury1, J. Hipp1, M. Siegel1
1University of Tübingen, Centre for Integrative Neuroscience and MEG Center, Tuebingen, Germany
Transcranial electric stimulation (tES) is a promising tool to non-invasively manipulate neuronal activity
in the human brain. Several studies have shown behavioral effects of tES, but stimulation artifacts
complicate the simultaneous investigation of neural activity with EEG or MEG. A through
characterization of the stimulation artifact is missing. Here, we systematically analyze the tES artifact
in both EEG and MEG, and show that irrespective of the stimulation frequency (i.e. for both tACS and
tDCS) and contrary to previous assumptions, artifacts do not simply reflect stimulation currents, but
that heartbeat and respiration non-linearly modulate stimulation artifacts. Second, we show that,
although at first sight previously employed artifact rejection methods may seem to remove artifacts,
data are still contaminated by non-linear stimulation artifacts. Because of their complex nature and
dependence on the subjects’ physiological state these artifacts are prone to be mistaken as neural
entrainment.
Support: Centre for Integrative Neuroscience (DFG, EXC 307)
Noury, N., Hipp, J.F., Siegel, M., 2016. Physiological processes non-linearly affect electrophysiological
recordings
during
transcranial
electric
stimulation.
NeuroImage.
doi:10.1016/j.neuroimage.2016.03.065
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Reactivation of iconic memory in a priming task by transcranial magnetic stimulation (TMS)
*S. Morand1,2, J. Gross2, G. Thut2
1University of Glasgow, School of Life Sciences, Glasgow, Great Britain
2University of Glasgow, Institute of Neuroscience & Psychology (INP), Glasgow, Great Britain
Introduction
Iconic memory represents the registration of visual information in a high-capacity but fast decaying
visuo-sensory buffer. It has recently been shown that the primary visual cortex contributes to this
memory function.
Objectives
In this TMS study, we investigated visual priming effects when TMS is applied over the primary visual
cortex after prime presentation to see whether TMS could reactivate or “replay” the prime information
stored in the sensory buffer.
Methods
Prime and probe maintained the same shape (square) but varied in colours of the same mean
luminance, leading to congruent vs incongruent prime-probe conditions. Observers (n=14) were asked
to identify the colour of the probe as accurately and as fast as possible. Each trial started by a fixation
cross lasting between 500-2000ms. A prime was then flashed for 10ms within the lower RVF at the
location of TMS-induced phosphenes. A probe was displayed 400ms after the prime for 40ms at a
mirrored location in the lower LVF. In TMS blocks, single-pulse TMS below phosphene thresholds was
randomly delivered at 100ms or 300ms after the prime onset and intermingled with no TMS trials.
Control trials (with no TMS) aiming at emulating a possible TMS-induced replay consisted of a
physical redisplay of the prime at 300ms i) in the same but faint colour, ii) in the opponent colour or iii)
of a grey mask while responses to probes were recorded. The design was the same in SHAM blocks.
Results
Results showed that the significant priming effect (reaction times, RTs congruent < incongruent)
observed in absence of stimulation was disrupted by TMS at 100ms after the prime onset. Notably,
this priming effect reverted to negative priming (RTs incongruent < congruent) for TMS at 300ms.
Comparison with the control trials attempting to emulate a physical re-appearance of the prime was
suggestive of TMS at 300ms inducing a recall of the prime in the colour opponent colour of the prime
(no RT differences to opponent colour redisplays).
Conclusion
This is evidence that a memory trace stored in the sensory buffer in V1/V2 can be reactivated by TMS.
The study is supported by a Wellcome Trust Award to Gregor Thut and Joachim Gross [grant number
098434, 098433] and by a Biological Sciences Research Council (BB ⁄I006494⁄1) grant.
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Influence of intertrial-interval on measures of motor cortical excitability
*E. Kallioniemi1,2, F. Awiszus3, M. Pitkänen1,4, P. Julkunen1,2
1Kuopio University Hospital, Department of Clinical Neurophysiology, Kuopio, Finland
2University of Eastern Finland, Applied Physics, Kuopio, Finland
3Otto-von-Guericke-Universität, Department of Orthopaedics, Magdeburg, Germany
4Aalto University School of Science, Department of Neuroscience and Biomedical Engineering, Espoo,
Finland
Question
In TMS, the intertrial-interval (ITI) affects the MEPs when stimulation is repeated with the same
intensity [1]. Presumably, an ITI longer than 3s has no effects on the MEPs [1,2]. Thereby, the resting
motor threshold (rMT) commonly used to normalize the intensity is calculated by using an ITI of at
least 3s. The aim of the present study was to further evaluate, how the applied ITI affects the rMT and
MEP amplitudes, and whether the rMT could be determined with short ITIs.
Materials & Methods
The left motor cortices of 11 subjects (7 females, 22-60yrs) were mapped to find the optimal
representation site for APB muscle at which the rMTguess was calculated by using 3 pulses:
rMTguess=(SI+8.83e-3*(A-50))/(1+0.363e-3*(A-50))
where SI is the applied intensity and A is the median amplitude of the 3 pulses in microvolts. The
formula was based on data of our previous study [3]. Thereafter, 3 single-pulse TMS sequences with
varying ITI (1-2s, 2-3s, 3-4s) were applied in a random order with the SIs of 0.75 to 1.25 times
rMTguess at 0.05 intervals (total 108 pulses/sequence). The rMTs were calculated from the
constructed threshold curves [3]. The effect of ITI on the resulting rMT and on the MEP amplitudes
was evaluated with repeated measures ANOVA. Further, the minimum number of trials required for
calculating the rMT with each ITI was tested by Monte-Carlo simulations.
Results
The ITI had no effect on the rMT (F=0.235, p=0.683) nor MEP amplitudes (F=0.90, p=0.405), but a
significant subject by ITI interaction (F=3.64; p<0.001) was observed in MEP amplitudes (Fig.1). Due
to this interaction more than 100 stimuli were required to reach a reliable rMT estimate regardless of
the ITI.
Conclusion
At the group-level, the ITI seems to have no clear effect on the rMT or MEP amplitudes. At the
individual-level the ITI affects the MEP amplitudes differently between subjects when applying variable
stimulation intensity and thus, rMT cannot be reliably estimated with short ITIs.
References
[1] Julkunen P et al. Brain Stimul 2012;5:526-532.
[2] Rossini PM et al. Electroencephalogr Clin Neurophysiol 1994;91:79-92.
[3] Julkunen P et al. Clin Neurophysiol 2012;122:975-983.
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Figrue 1A: Median MEP amplitudes at different ITIs. The different colors represent different subjects.
Figure 1B: Threshold curves for two subjects (ID5 and ID9) with different ITI behavior.
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Motor evoked potentials in healthy iraqi subjects: A transcranial magnetic stimulation study
*B. Alfatly1, F. B. Hamdan1
1Al-Nahrain College of Medicine, Physiology, Baghdad, Iraq
Introduction
Many studies focused on studying the motor system in multiple levels including the motor cortex.
Among them, many have concentrated on studying motor evoked potentials (MEPs) using transcranial
magnetic stimulation (TMS). MEPs are susceptible to many sources of variability, including subject
physical characteristics. Facilitation of the MEPs is of importance in many neuroscience researches
and rehabilitation after neurological diseases. In this work, we tried to study the effect of physical
variables and different facilitation maneuvers on MEPs.
Objectives
There was no previous work studying the TMS induced MEPs in healthy Iraqi subjects. The current
objectives were to establish the MEPs normative data, demonstrate the effect of physical variables on
MEPs components and to elicit the effect of contraction, movement observation (MO) and motor
imagery (MI) on MEPs components of a group of healthy Iraqi population.
Subjects & Methods
50 females and 33 males with a mean age of (32.18±9.09 years) have participated in the study. MEPs
were stimulated with MagStim200 stimulating coil positioned over the primary motor cortex and
recorded by surface EMG electrodes from the abductor policis brevis and abductor hallucis muscles.
MEPs cortical latencies (CL), amplitude, central motor conduction time (CMCT) and motor threshold
(MT) during rest, contraction, MO and MI were determined.
Results
Upper and lower limbs CL are different between genders (P=0.010), with males demonstrating longer
latency (22.78±1.16 msec) than females (21.41±1.12 msec). Age has no effect on MEPs components.
Height and limb length demonstrated a significant positive correlation with CL (PPP Conclusion:
Physical variables, right handedness, contraction, MO and MI are of significant effect on MEPs
variables. Researchers and clinical practitioner should pay attention for those effects when interpreting
MEPs components.
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Intermittent theta burst increases action potential threshold and spike firing in cortical layer 5
pyramidal neurons
*A. Tang1, I. Hong2, L. Boddington3, J. Reynolds3, A. Garrett1, S. Etherington2, J. Rodger1
1University of Western Australia, Experimental and Regenerative Neurosciences, Perth, Australia
2Murdoch University, School of Veterinary Science, Perth, Australia
3University of Otago, Brain Health Research Centre, Department of Anatomy, Otago, New Zealand
Introduction
Repetitive transcranial magnetic stimulation has become a popular method of inducing neural plasticity
in humans. In particular, complex patterned stimulation such as intermittent theta burst stimulation
(iTBS) is routinely used to increase corticospinal excitably. Despite its wide use, the mechanisms
underlying iTBS-induced increases in corticospinal excitability remain unclear.
Objectives
Experimental (acute brain slices) models of repetitive magnetic stimulation (rMS) allow for direct
investigation of iTBS-induced plasticity, such as changes at the single neuron level. Here we
investigated whether iTBS rMS alters the active and passive electrophysiological properties of layer 5
pyramidal neurons in the juvenile mouse cortex.
Materials & Methods
Acute brain slices were prepared from the motor and somatosensory cortex of P12-P15 C57Bl6J mice.
rMS was delivered with a custom circular coil (8mm diameter) placed underneath the perfusion bath
and slice. Whole cell current clamp recordings were made from layer 5 pyramidal neurons to
characterise (i) passive membrane properties (resting membrane potential, input resistance) (ii) active
membrane properties (action potential threshold, rheobase) and (iii) spike firing. Baseline recordings
were followed by 192s of control (n=10 / 9 animals) or iTBS rMS (n=9 / 7 animals). Recordings were
made immediately post stimulation and again after 10 and 20 minutes.
Results
ITBS did not alter the resting membrane potential (p=0.464) or input resistance (p=0.418) of layer 5
pyramidal neurons. Interestingly, iTBS increased action potential threshold relative to baseline (control
1.855mV ± 1.098 vs iTBS -1.537mV ± 1.158, p=0.048) but did not alter the rheobase current
(p=0.328). iTBS also increased the number of action potentials (spike firing) generated in response to
suprathreshold currents (control 0.783Hz ± 0.426 vs iTBS 3.167Hz ± 0.449 p=0.001).
Conclusion
Our data suggest that rTMS-induced plasticity may be in part due to electrophysiological changes at
the single neuron level, such as altered action potential thresholds and spike firing. These results help
elucidate the mechanisms of rTMS-induced plasticity which is essential for the optimisation of rTMS
treatment in health and disease.
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Investigating inhibitory processes within the motor cortex during conflict resolution using
paired-pulse transcranial magnetic stimulation
*D. van Campen1, E. Hartstra1, K. Sutter1, M. Ullsperger1,2, I. Toni1, R. Mars1,3
1Radboud University, Donders Institute, Nijmegen, Netherlands
2Otto-von-Guericke-University, Magdenburg, Netherlands
3 University of Oxford, Oxford, Netherlands
Introduction
In daily life, we often need to deal with situations in which multiple actions are possible, situations of
so-called ‘response conflict’. Several brain regions have been identified as key nodes of a network
involved in resolving response conflict. However, how and by which physiological mechanism those
nodes finally affect the ‘output station’ of the brain, the primary motor cortex, is unknown. A potential
mechanism is the involvement of inhibitory interneurons, which can be directly tested using pairedpulse transcranial magnetic stimulation (TMS).
Question
Here we test how inhibitory processes within the primary motor cortex change over time during the
resolution of response conflict.
Methods
Participants performed an arrow version of the Flanker task. The arrows were arranged such that they
either elicit one response with no conflict (e.g., all arrows point to the same direction) or two competing
responses (e.g., the target arrow points towards the opposite direction as the flankers). To track the
involvement of inhibitory processes over time short intra-cortical inhibition (SICI) was measured as the
change in the amplitude of the motor-evoked potential over the left motor cortex elicited by a single
supra-threshold pulse and by a supra-threshold pulse preceded by a sub-threshold pulse. This
enabled the identification of time-specific physiological patterns of inhibitory processes at the level of
primary motor cortex.
Results
Preliminary analyses show increased MEP amplitudes towards the response and specific changes in
SICI over time dependent on the level of response conflict.
Conclusion
These results suggest involvement of primary motor cortex inhibitory interneurons when resolving
situations of response conflict.
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Specific DTI seeding and diffusivity-analysis improve the quality and prognostic value of TMSbased motor-DTI
*T. Rosenstock1, D. Giampiccolo1, I. Bährend1, H. Schneider1, P. Vajkoczy1, T. Picht1
1Charité - Universitätsmedizin Berlin, Department of Neurosurgery, Berlin, Germany
Question
Navigated transcranial magnetic stimulation (nTMS) is a non-invasive examination method used in the
preoperative diagnostics for patients with tumours in motor eloquent areas to localize functional areas.
In addition, nTMS combined with diffusion tensor imaging (DTI) enables an improved reconstruction of
the corticospinal tract (CST). The aim of our study is to examine whether the characteristics of nTMSbased motor DTI based on two different approaches are associated with patients’ clinical properties.
Methods
Prospectively collected data of 15 patients undergoing nTMS mapping prior to surgery of motor
eloquent high-grade gliomas were analyzed. The following data were scrutinized based on nTMSbased fiber tracking with a) a cubic ROI (3D) and b) a plane ROI (2D) in the anterior inferior pons: the
pre- and postoperative motor status (after 7 days und 3 months), the number of fibers and aberrant
fibers respectively, the fractional anisotropy (FA) and FA threshold (FAT), the apparent diffusion
coefficient (ADC) and the closest distance between the tracts and the tumor.
Results
Using a plane ROI instead of a cubic ROI can reduce the occurrence of aberrant fibers from 73% to
27% in the affected hemisphere (p = 0.027) and from 40% to 13% in the healthy hemisphere (p =
0.021). Differences were observed when comparing the values of FA, FAT and ADC of the affected
hemisphere with the values of the healthy hemisphere whereas no significant difference were found
based on the use of a plane or cubic ROI. The average values of FA and ADC in the affected
hemisphere were significantly associated with the postoperative motor outcome.
Conclusions
Use of a plane ROI in the anterior inferior pons increases DTI specificity. Moreover, impairment of
diffusivity within peritumoral tracts seems to be predictive for postoperative motor deficits. Larger
patient samples are needed to further characterize the impact and prognostic value of nTMS-based
motor DTI.
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Influence of the difference of induced current direction on measurement of corticospinal
excitability changes after continuous and intermittent theta burst stimulation
*T. Sasaki1, S. Tokushige1, S. Terada1, A. Yugeta1, Y. Terao1, Y. Ugawa2, M. Hamada1
The University of Tokyo, Department of Neurology, Tokyo, Japan
2Fukushima Medical University, Department of Neurology, Fukushima, Japan
Introduction
The after-effects of continuous and intermittent theta burst stimulation (cTBS and iTBS) are highly
variable between individuals and only about 50% of subjects respond in expected ways (i.e.
depression of motor evoked potentials (MEPs) in cTBS and facilitation in iTBS). TBS is usually applied
using a biphasic stimulus pulse. It preferentially activates the brain during the second depolarizing
phase of the current in the brain, that is, anterior-posterior (AP) current. In contrast, the after-effects of
any plasticity inducing protocols are usually evaluated by a monophasic stimulus pulse with posterioranterior (PA) current. Here we hypothesized that such difference in magnetic pulse configuration of
transcranial magnetic stimulation (TMS) influences variability of TBS effects.
Objectives
To investigate whether the after-effects of TBS should be clearer if tested with MEPs generated by AP
currents or biphasic currents.
Methods
Twenty-three healthy right-handed volunteers participated in this study. TMS was applied to the hot
spot of the right first dorsal interosseous muscle and MEPs were measured at the stimulus intensities
set to evoke MEPs of about 1 mV in monophasic PA, monophasic AP, and biphasic currents. Thirty
MEPs for each direction were measured before and up to 30 minutes after cTBS or iTBS (Huang et
al., 2005). Responder (i.e. depression in cTBS and facilitation in iTBS) was defined according to the
grand average of MEPs.
Results
In cTBS, responder rates were 23.9% (5/21) in PA current, 38.1% (8/21) in AP current, and 14.2%
(3/21) in biphasic current. 42.9% (9/21) of subjects showed opposite responses between PA and AP
currents. As for non-responders both in PA and AP currents (47.6%, 10/21), the difference of baseline
MEP latencies at rest between monophasic PA and biphasic currents was smaller than the others. In
iTBS, responder rates were 60.9% (14/23) in PA current, 65.2% (15/23) in AP current, and 47.8%
(11/23) in biphasic current. 47.8% (11/23) of subjects showed opposite responses between PA and
AP currents.
Conclusion
The after-effects of TBS were highly variable regardless of current direction in measurement of MEPs.
In cTBS, a tendency to early I wave recruitment in biphasic pulse might relate to MEP facilitation both
in PA and AP currents.
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Assessment of cortico-cortical connectivity between premotor and motor cortices by means of
combined peripheral nerve electrical stimulation and transcranial magnetic stimulation.
G. Barchiesi1, S. Sorella2,3, *L. Cattaneo4
University of Salzburg, Salzburg, Austria
2University of Trieste, Trieste, Italy
3University of Trento, Trento, Italy
4University of Verona, Verona, Italy
Introduction
Cortico-cortical connectivity can be assessed by Transcranial Magnetic Stimulation (TMS) paradigms.
The “conditioning” coil delivers a pulse over the cortex of interest, followed a few milliseconds later by
a pulse delivered on the motor cortex (M1) through the “test” coil. Functional connectivity between the
two regions is demonstrated by a change in motor evoked potentials (MEPs) produced by the test coil
alone compared to those preceded by conditioning TMS. However, the need to place two TMS coils
on the same hemisphere produces practical limitations when testing connectivity between sites
located in close spatial proximity to M1 and M1 itself.
Objectives
Here we devised a new paradigm to test M1 excitability after a TMS conditioning pulse delivered to a
different cortical region (in this case the ventral premotor cortex - PMv). We exploited a well-known
trans-cortical long latency reflex (LLR) in the upper limb. Therefore, instead of testing MEP amplitudes,
we assessed the modulation in amplitude of the LLR by the conditioning TMS pulse.
Materials & Methods
The LLR was obtained by electrical stimulation of the median nerve at the wrist and recording from the
ipsilateral thenar muscles. In some trials the median nerve was stimulated alone, in others it was
coupled with a single conditioning TMS pulse delivered to the PMv contralateral to the stimulated
hand. The timing of TMS was set from +9 to +42 ms at 3 ms steps after electrical stimulation of the
median nerve at the wrist.
Results
We found a significant effect of conditioning TMS over PMv on the LLR amplitude, only when TMS
was delivered around 15 ms from the electrical stimulation.
Conclusion
We propose that the observed interaction between TMS and peripheral nerve stimulation occurs at the
cortical level. In particular, the hypothesis that we favour is that the corticofugal volley evoked by TMS
on PMv interacts with the afferent volley from the median nerve at the level of M1. This protocol could
provide information on cortico-cortical connectivity in alternative to dual-coil TMS methodology.
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Dorsal premotor cortex revisited: movement-related inhibitory connectivity to the ipsilateral
motor cortex.
*L. Cattaneo1, B. Zattera2, S. Sorella3,2, S. Parmigiani2
University of Verona, Verona, Italy
2University of Trento, Trento, Italy
3University of Trieste, Trieste, Italy
Introduction
In non-human primates, the role of the human dorsal premotor-motor circuit in the ability to prepare
and to release at the right time is well established. In humans, the dual-coil transcranial magnetic
stimulation (TMS) technique allows testing functional connectivity between a chosen portion of the
cortex and the primary motor cortex.
Objective
In the present study, we tested the short-latency effects of conditioning TMS that was delivered to the
left dorsal premotor cortex (PMCd) on the output of test TMS that was delivered to the ipsilateral
orofacial motor cortex (M1), measured by means of motor evoked potentials.
Methods
Dual-coil TMS was delivered during the SET-period of a delayed associative task. The task required
the performance of mouth movements in response to a GO-signal appearing after a variable, but
predictable, waiting period. Such task allowed us to test with TMS the PMCd-M1 circuit specifically
during the processes of withholding an action.
Results
Conditioning TMS delivered 6 ms prior to test TMS exerted an inhibitory effect on the excitability of
M1. The inhibition was evident only at specific time-points of the varying set-periods and appeared to
be time locked to the onset of the SET-period rather than to the predicted GO-signal. Post-hoc we
observed that TMS over PMCd produced significant failure in inhibiting the target action.
Conclusion
Taken together the data indicate that the behavioural capacity of withholding a given instructed action
is at least in part supported by the PMCd-M1 module.

213

P141
Contribution of the motor system to McGurk effect -event-related fMRI and TMS studies
*T. Murakami1, J. Fujiwara2, Y. Sakamoto2, M. Okamoto2, T. Mizuochi3, T. Iwabuchi3, M. Makuuchi3,
M. Abe4, H. Kubo5, N. Matsuda1, S. Kobayashi1, H. Ito5, S. Takenoshita5, Y. Ugawa1
1Fukushima Medical University, Neurology, Fukushima, Japan
Fukushima Medical University, Systems Neuroscience, Fukushima, Japan
3National Rehabilitation Center for Persons with Disabilities, Rehabilitation for Brain Function,
Tokorozawa, Japan
4Tohoku University, Nuclear Medicine and Functional Neuroimaging, Sendai, Japan
5Fukushima Medical University, Advanced Clinical Research Center, Fukushima, Japan
Question
‘‘McGurk effect’’ is known as an auditory illusion caused by interference from unmatched visual inputs.
For example, a combination of auditory /Pa/ and visual /Ka/ results in the perception of a third syllable
of /Ta/. Recent neuroimaging studies proposed that left posterior superior temporal sulcus (pSTS), a
hub region of audiovisual integration, is concerned with McGurk effect. However, the mechanisms still
remain under debate.
Methods
27 right-handed healthy volunteers received audiovisual incongruent (auditory /Ba//Pa/ and visual
/Ga//Ka/) and congruent (both /Ba//Pa/) perceptual tasks, and then they were asked the syllables
listened to. We investigated activated brain regions in event-related functional magnetic resonance
imaging (fMRI) study. In addition, we applied single-pulse transcranial magnetic stimulation (TMS)
over the lip or foot area of the primary motor cortex (M1) in an event-related design and we measured
McGurk susceptibility.
Results
Behaviorally, audiovisual incongruent trials resulted in higher illusion susceptibility and longer reaction
time than congruent trials. FMRI study revealed brain activations in audiovisual areas, dorsal premotor
cortex (dPMC) and inferior frontal gyrus (IFG), bilaterally in both audiovisual stimuli. Activations in
dPMC and IFG were more prominent in incongruent task, whereas stronger activations of the pSTS in
congruent task. Left IFG activation correlated negatively with McGurk susceptibility.
Psychophysiological interaction analysis demonstrated increased effective connectivity between the
left IFG and M1 lip area in incongruent task. Event-related TMS over M1 lip area showed significant
reduction of McGurk susceptibility when compared with TMS over M1 foot area or the control condition
(no TMS).
Conclusions
We showed that the motor system contributes to recognition of audiovisual inputs and it is more active
in incongruent condition, while the pSTS is more active in congruent condition. The left IFG-M1
network plays some roles in detecting and resolving multisensory incompatibility to reduce illusion.
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Reliability of MEP when using the 1 mV MEP standard to set TMS intensity
*M. van de Ruit1, M. Grey2
1Delft University of Technology, Biomechanical Engineering, Delft, Netherlands
2University of Birmingham, School of Sport, Exercise and Rehabilitation Sciences, Birmingham, Great
Britain
The inherent variability of motor evoked potential (MEP) recordings is an important consideration when
drawing conclusions from studies in which transcranial magnetic stimulation (TMS) is used to assess
central nervous system plasticity. Single-pulse TMS assessments have been made at various points
on the stimulus intensity - MEP response curve, and MEP variability is dependent on the where one
stimulates on this curve. Whilst many studies use the traditional approach of applying stimulation at
120% of the resting motor threshold, another technique that is becoming increasingly common is to set
the stimulation intensity to evoke a 1 mV peak-to-peak amplitude MEP.
The aim of the present study was to investigate the reliability of single-pulse MEPs elicited at the
stimulation intensity set which produce a 1 mv peak-to-peak amplitude response.
52 participants were recruited to the study. MEPs were recorded from the First Dorsal Interosseous
(FDI) muscle of the right hand in response to magnetic stimuli delivered over the hand area of the
motor cortex. Stimulation intensity was set to evoke an MEP with a 1 mV peak-to-peak amplitude
when the muscle was at rest. MEPs were recorded in 8 sets of 30 stimuli with an inter-stimulus interval
of 4 seconds, with 2-min breaks between sets. Coil position and orientation was held constant with
frameless stererotaxy.
Reliability was assessed using Bland-Altman plots to compare the mean MEP recorded from sets 2-8
with that of the first set. This analysis revealed a consistent deviation from MEPs in the first set with a
tendency for MEP amplitude to increase (rmANOVA, p < 0.001). Repeated measures exceeded those
at baseline by an average of 0.37 ± 0.06 m. A two-step cluster analysis revealed a significant increase
in MEP amplitude in 25% of the participants investigated.
We have demonstrated that stimulation delivered with an intensity to produce 1 mV MEPs results in
highly variable MEPs with a tendency for the MEPs to increase. Given the intensity to induce 1 mV
MEPs differs relative to threshold for every participant this might inflate variability. This result highlights
the importance MEP variability and re-emphasises the importance of taking care in concluding
changes in MEP amplitude are indeed the result of the intervention as opposed to natural variation of
participant attention over time.
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Navigated transcranial magnetic stimulation of premotor cortex and long latency responses
elicited in hand muscles during handwriting
*M. Rogić Vidaković1, I. Vujović2, A. Jerković3, M. Zmajević Schönwald4, Z. Đogaš1
1University of Split, Laboratory for Human and Experimental Neurophysiology (LAHEN), Department of
Neuroscience, School of Medicine, Split, Croatia
2University of Split, Signal Processing, Analysis and Advanced Diagnostics Research and Education
Laboratory (SPAADREL), Faculty of Maritime Studies, Split, Croatia
3University of Zagreb, Postgraduate doctoral studies of Psychology, Faculty of Philosophy, Zagreb,
Croatia
4Clinical Medical Centre “Sisters of Mercy”, Department of Neurosurgery, Clinical Unit for
Intraoperative Neurophysiologic Monitoring, Zagreb, Croatia
Introduction
The nTMS technique is often used in preoperative mapping of motor, speech and language related
cortical areas in patients undergoing neurosurgical operation. Only few intraoperative studies
investigated network underlying the production of written language and found that the superior
premotor cortices close to the superior frontal sulcus was involved in handwritten production of words.
The nTMS methodology for identification of the motor frontal areas involved in handwriting that can be
used in preoperative mapping of patients is not yet established.
Objectives
To evaluate for the first time the feasibility of patterned rTMS protocol for locating premotor writing
function in healthy volunteers.
Materials & Methods
The ten healthy and right-handed volunteers (three female, and seven males, mean age 40.2±11.17
(range 24-63 years) underwent rTMS of the left primary motor cortex (M1) and superior premotor
cortices including the posterior part of superior and middle frontal gyri. Patterned bursts of rTMS
consisted of 4 bursts of 4 stimuli each, with an interstimulus interval of 6 ms, and a burst repetition rate
of 4 Hz were applied during writing to a dictation task and with EMG recording from right APB and FDI
muscles. Two trains of these rTMS bursts were applied in a single trial, therefore after auditory
presenting the sentence two rTMS trains (separated 2-7 seconds depending on the length of
sentence) were given while the participant was writing with the pen.
Results
The rTMS of the left superior premotor cortex close to the superior frontal sulcus elicited long latency
responses (LLRs) from the hand muscles with the latency of 70.72±8.25 ms followed by MEPs (Figure
1), as well as writing related disturbances (writing arrest, trembling, poor grapheme production, slow
writing, lifting of the hand).
Conclusion
The application of rTMS to the premotor cortex close to superior frontal sulcus elicited writing
interferences and LLR responses that were recorded in dominant hand muscle during writing.
Further rTMS studies would be needed to clarify an exact neurophysiologic mechanism of LLR
generation in hand muscles during voluntary writing task, as well as during different voluntary motor
tasks. Although still preliminary, the results might have clinical value for preoperative use of rTMS in
functional mapping of writing.
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Figure 1. Superimposed MEP and LLR responses recoded from APB muscle
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Motor cortical stimulation versus voluntary relaxation to study muscle relaxation properties in
different muscle conditions
*J. Molenaar1,2, J. Doorduin1,3, N. Voermans1,2, B. van Engelen1,2, D. Stegeman1,2
1Radboud University Medical Center, Neurology, Nijmegen, Netherlands
2Donders Institute for Brain, Cognition and Behavior, Nijmegen, Netherlands
3Radboud University Medical Center, Critical Care Medicine, Nijmegen, Netherlands
Question
Transcranial magnetic stimulation (TMS) over the motor cortex can induce abrupt muscle relaxation by
inhibition of corticospinal drive to the activated muscles. Voluntary relaxation (VR) is more commonly
used to study muscle relaxation properties. These two methods have never directly been compared.
The aim of our study is to investigate if variability of TMS-induced relaxation is lower compared to VR.
To further validate the use of TMS in assessing muscle relaxation we studied the effects of cooling
and fatigue to see if we could reproduce the well-known slowing effects of these conditions on muscle
relaxation.
Methods
Twenty-five subjects (14 men, 11 women) participated in this study. Handgrip dynamometry was used
to assess relaxation properties of extrinsic finger flexors. Subjects performed repeated maximal
voluntary contractions with VR and TMS-induced relaxation in fresh, cooled, and fatigued muscle
conditions (figure 1). Peak relaxation rate (pRR), pRR normalized to maximal force (NpRR), and
relaxation times were calculated. Within- and between-subject variability was assessed by calculating
within- and between-subject coefficient of variability (CV), intraclass correlation coefficient (ICC), and
repeatability coefficient (RC).
Results
All outcome measures showed lower variability in TMS-induced relaxation compared to VR. This is
demonstrated by lower within- and between-subject CV, ICC, and RC; e.g. for NpRR in men, TMSinduced relaxation has a within-subject CV of 3.3% vs 22.2% in VR, RC of 1.3 vs 6.1 s -1, ICC of 0.95
vs 0.60, and between-subject CV of 15.2% vs 27.4%.The slowing effects of cooling and fatigue could
reliably be demonstrated using TMS (figure 2).
Conclusions
Variability of TMS-induced muscle relaxation was lower compared to VR. A clinical implication is that
for future studies on muscle relaxation, measurements are more reliable and less subjects would be
needed using TMS to demonstrate differences in relaxation properties.
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Figure 1: Force and EMG traces in one subject; three times voluntary (A) and three times TMSinduced relaxation (B). The EMG traces in TMS-induced relaxation show a motor evoked potential ~25
ms after the TMS pulse, followed by an EMG silent period of ~200 ms.

Figure 2: Effect of cooling and fatigue on NpRR in men with voluntary (A) and TMS-induced relaxation
(B)
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Sulcus-based linear mapping of sensorimotor integration in the hand motor area
*R. Dubbioso1, E. Raffin2, A. Karabanov1, S. Nielsen1, A. Thielscher1,3, H. Siebner1
1Hvidovre Hospital, University of Copenhagen, Centre for Functional and Diagnostic Imaging and
Research Danish Research Centre for Magnetic Resonance (DRCMR), Hvidovre, Denmark
2Grenoble Institute of Neuroscience, Research Centre U836 Inserm-UJF, Team 11 Brain Function &
Neuromodulation, Grenoble, France
3Technical University of Denmark, Biomedical Engineering Section, Kongens Lyngby, Denmark
Introduction
We have recently introduced neuronavigated linear transcranial magnetic stimulation (TMS) mapping
as a method to capture motor somatotopy in the hand motor area (M1 HAND). In contrast to other
mapping methods, linear TMS mapping adjusts the TMS coil position and orientation to the individual
shape of the central sulcus (CS). Here we used this technique to map the spatial representation of
short-latency afferent inhibition (SAI) in M1HAND. SAI refers to a suppression of the motor evoked
potential (MEP) amplitude by preceding peripheral electrical nerve stimulation of the contralateral
hand. SAI is somatotopically specific: it’s stronger when electrical stimulation is applied close to the
TMS-target muscle (homotopic stimulation) and weaker when not (heterotopic stimulation).
Aim
We hypothesized a somatotopic expression of SAI in M1HAND for homotopic as opposed to heterotopic
stimulation.
Methods
Electrical stimulation of the left index finger or little finger was applied 23 ms before TMS of right
M1HAND. MEPs were recorded from left first dorsal interosseous (FDI) and abductor digiti minimi (ADM)
muscles. SAI was applied randomly at seven M1 target sites following the individual shape of the right
CS.
Results
We found a clear somatotopic representation of SAI. Homotopic SAI of the ADM muscle was
expressed more medially than homotopic SAI of the FDI muscle along the M1HAND. We also found
somatotopy for heterotopic stimulation. Here SAI was replaced by a “surrounding” facilitation of the
heterotopic muscle.
Conclusions
Linear sulcal TMS mapping revealed a somatotopically defined centre-surround organization of
sensorimotor integration in the human M1HAND.
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Effects of cTBS on the integration of haptic light fingertip contact and body sway
*D. Kaulmann1, L. Johannsen1
1Technische Universität München, München, Germany
Question
In the present study we aimed to investigate the effects of continuous theta burst stimulation (cTBS)
over the posterior parietal cortex (PPC) and how it effects body sway and the integration of light touch.
Methods
In right-handed young adults, cTBS with an intensity of 80% of the passive motor threshold was
applied for 60 seconds over the left and right Posterior Partial Cortex. Additionally, a sham condition
was applied. Target locations were identified using real-time neuronavigation. Participants were tested
blindfolded in quiet upright Tandem-Romberg stance before and after each stimulation interval. During
these tests they were instructed to actively initiate and cease finger contact with an earth-fixed referent
in response to an acoustic signal. Testing was carried out on two non-consecutive sessions. Body
sway was recorded in terms of Centre of Pressure (CoP) and trunk kinematics in addition to forces
and torques at the contact point.
Results
The results of 13 healthy right handed participants reveal that cTBS over the right PPC affected
postural control. The overall level of body sway was decreased after inhibition, while the effect of Light
Touch was still present. Inhibition of the left PPC or sham stimulation did not decrease the overall level
of body sway.
Conclusion
The cause of this effect might be strategies of the motor control system that lead to a co-contraction
and thus reducing body sway. However, this does not mean that participants were more stable.
Another possible explanation might be that inhibition of the right PPC disrupts processes for state
estimation of body sway in spatial reference frames or mechanisms of stability self-exploration (i.e.
Zatsiorskyand Duarte, Motor Control,1999;Ehrenfriedet al., Brain ResCognBrain Res, 2003;Kiemelet
al., JNeurophysiol, 2006).
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Dose-effect of transcranial static magnetic field stimulation on excitatory and inhibitory
intracortical circuits
*M. Dileone1,2, *L. Mordillo Mateos2, A. Oliviero2, G. Foffani1,2
1 HM Puerta del Sur, Centro Integral de Neurociencias, Mostoles (Madrid), Spain
2Hospital Nacional de Parapléjicos, Toledo, Spain
Question
Transcranial static magnetic field stimulation (tSMS) is a new low-cost, non-invasive brain stimulation
(NIBS) technique. When tSMS is applied for 10-15 minutes over the motor cortex, it leads to a shortlasting decrease of cortical excitability in healthy subjects, as measured by a decreased amplitude of
motor-evoked potentials (MEPs), associated with an increase of short-latency intracortical inhibition
(SICI). Here we aimed to test the effects of a longer application of tSMS (30 minutes) on excitatory
and inhibitory intracortical circuits.
Methods
We performed 3 randomized double-blind sham-controlled experiments in a total of 31 right-handed
healthy subjects. In experiment 1 we assessed MEP amplitudes before and after tSMS (or sham)
applied for 30 min to the non-dominant motor cortex. In experiment 2 we tested the effects of 30 min of
tSMS on SICI and I wave interaction. In experiment 3 we evaluated the effects of 10 min of tSMS on
SICI and on the first peak of I wave interaction (short-latency intracortical facilitation, SICF).
Results
Prolonged application of tSMS (30 min) significantly decreased MEP amplitudes compared to sham till
30 minutes after the end of tSMS and, surprisingly, reduced SICI while increasing SICF. By applying
tSMS for only 10 minutes, we found a significant and short-lasting increase of SICI with reduction of
SICF.
Conclusions
We found that a prolonged application of tSMS leads to a long-lasting reduction in motor cortex
excitability, similar to those typically induced by continuous theta-burst stimulation (cTBS) and
cathodal transcranial direct current stimulation (tDCS). Moreover, SICI and SICF could be modulated
in a bidirectional way by tSMS, depending on the application time, revealing a dose-effect of tSMS on
excitatory and inhibitory intracortical circuits.
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Reproducibility of the long intracortical inhibition curve in healthy subjects
*A. de Goede1, C. Eertman2, E. ter Braack1, M. van Putten1,2
1University of Twente, Clinical Neurophysiology, Enschede, Netherlands
2Medisch Spectrum Twente, Clinical Neurophysiology, Enschede, Netherlands
Introduction
Over the last decades, transcranial magnetic stimulation (TMS) has been used to assess cortical
excitability in a variety of neuropsychiatric conditions, e.g. epilepsy, dementia and depression. To
detect changes in excitability in longitudinal studies, it is important to validate the repeatability of TMS
outcomes for the same subject between different sessions. Previous studies in healthy subjects found
mixed degrees of reproducibility, ranging from poor to good agreement [1,2]. Especially, the long
intracortical inhibition (LICI) curve showed a large variability across sessions [2].
Objective
To evaluate the reproducibility of the LICI curve in healthy subjects using paired pulse TMS.
Subjects & Methods
Twenty-seven healthy subjects were studied two times (±1 week apart) with paired pulse TMS
combined with electromyography. Both motor hot spots (abductor digiti minimi) were stimulated with
50 paired pulses (intensity 120% of resting motor threshold) at interstimulus intervals (ISIs): 100, 150,
200, 250 and 300 ms. In nineteen subjects a figure-of-eight coil was positioned and held in place
manually during both sessions, while in eight subjects a robotic arm was used. The concordance
correlation coefficient (rho-c) was used to estimate the agreement between repeated sessions [3].
Results
The average LICI curve among all subjects showed a close agreement between TMS sessions for
manual (rho-c = 0.88) and robot-guided (rho-c = 0.95) positioning. However, the reproducibility
decreased when individual LICI curves were compared; manual (rho-c = 0.66) and robot-guided (rho-c
= 0.86). There was a large variation in reproducibility between subjects, ranging from poor to good
levels of agreement. Additionally, moderate levels of agreement and a large variation was found for
individual ISIs: manual (range rho-c: 0.42-0.55) versus robot-guided (range rho-c: 0.62-0.89).
Conclusion
Reproducibility of LICI curves was highly variable between healthy subjects. Good levels of agreement
were found for analysis on group levels, but reproducibility decreased for the level of individual
subjects or ISIs. Overall, reproducibility of the LICI curve was higher for robot-guided than for manual
coil positioning.
References
[1] Badawy et al. Epilepsy Res 2012;98:182-186
[2] Du et al. J Mot Behav 2014;46-1:39-48
[3] Lin. Biometrics 1989;45:255-268
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Exploiting i-wave rhythmicity to optimize the stimulus-response relationship for TMS of M1
*J. van Bellen1, M. Takemi1, A. N. Karabanov1, H. R. Siebner1
1Copenhagen University Hospital Hvidovre, Danish Research Centre for Magnetic Resonance,
Hvidovre, Denmark
Background
Repetitive Transcranial Magnetic Stimulation (TMS) of the primary motor cortex (M1) can modulate
corticospinal excitability beyond the time of stimulation, but the after-effects are subject to substantial
variability. One determining factor are inter-individual differences in the way TMS stimulates the
intracortical circuits that generate the descending volleys (I-waves) in the corticospinal tract.
Objective
We systematically studied possibilities to utilize individual I-wave rhythmicity to enhance the efficacy of
low-intensity TMS of M1 to excite corticospinal output.
Methods
In healthy individuals, we recorded the motor evoked potential (MEP) evoked by paired, triple and
quadruple pulse TMS. The inter-pulse interval (IPI) was adjusted to the individual I1-peak latency or
the trough between the I1- and I2-wave. TMS used biphasic pulses with the second phase inducing a
posterior-to-anterior current in M1.
Results
Paired, triple and quadruple pulse TMS at individual I-wave peak latency evoked larger MEP
amplitudes than single-pulse TMS or paired, triple and quadruple pulse TMS at the I1-I2 trough. I1peak latency facilitation was already visible at 70% resting motor threshold and was comparable for
paired, triple and quadruple pulse TMS. A control experiment showed significant I1-peak latency
facilitation also relative to a control condition in which IPI was shorter than individual I1-latency.
Conclusion
Our preliminary study results support our hypothesis that I-wave interaction can be utilized to optimize
the efficacy of TMS over M1 to excite the corticospinal output neurons. The effects are already
maximal when using paired-pulse TMS, as triple pulse or quadruple-pulse TMS did not result in
additional MEP facilitation. The use of individually adjusted paired-pulse TMS at I-wave latency might
help to reduce inter-individual variability of repetitive TMS over human M1.
This work was supported by the Lundbeck Foundation (Grant of Excellence “ContAct” R59 A5399) and
the Novo Nordisk Foundation (Interdisciplinary Synergy Programme Grant "BASICS"
NNF14OC0011413)
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Repetitive Transcranial Magnetic Stimulation: A call for better data
*M. Wilson1, L. S. George1
1University of Waikato, School of Engineering, Hamilton, New Zealand
Introduction
The experimental science to inform application of Repetitive Transcranial Magnetic Stimulation (rTMS)
is inconsistent. Evidence is strongly based on measurements of motor-evoked potentials (MEPs)
which are indirect measures of cortical changes. It is still unclear whether rTMS achieves its effects
through plasticity, changes in neural excitability, control of gene expression or another route.
Objectives
We approached this work as computational physicists. Our aim was to analyze rTMS literature to
identify underlying trends. Specifically: 1. Which parameters (e.g. number of pulses, repetition rate)
are important?, 2. How does the MEP relate to changes in the cortex? 3. What science must be
included in a numerical model of the MEP and rTMS?
Materials & Methods
We identified 92 rTMS publications reporting data from 164 experiments. Often, data were poorly
recorded and key information was absent. With non-bursting protocols, we identified only 39
publications (76 experiments) which unambiguously gave the rTMS frequency, the number of pulses
applied, the pulse intensity and the effect on the MEP. We used principal component analysis to
identify which parameters most affected the MEP. We tried to repeat this for bursting protocols; but
were prevented by lack of variation in the reported protocols. We used an existing neural field model to
study the effect on the MEP of changes in cortical excitability and connection strengths.
Results
Results are in line with existing dogma: >5 Hz rTMS leads to an increase in MEP; <5 Hz gives a
decrease. No quantitative conclusion is possible. We found no influence from the amplitude nor the
number of pulses. The spread of results is considerable. The numerical model showed similar
changes to the MEP could be recovered from changes in connection strength and neural excitability.
Conclusion
Overall, we need better data. Many experiments are poorly reported. Key information is missing or
ambiguous. The MEP is an inconvenient and indirect measure of the effect of rTMS. It is often poorly
defined and recorded. One needs to 1. record it and report it rigorously and quantitatively, and 2.
develop better numerical models of MEPs. Bursting experiments have focused on too few possibilities
(e.g. 5 Hz theta-burst stimulation or quadripulse) to unlock underlying science.
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After-effects of anodal transcranial direct current stimulation on the excitability of the motor
cortex in rats
*H. Koo1, M. S. Kim1, S. W. Han1, Y.- H. Kim2, S.- H. Ko3, Y.- I. Shin3
1Wonkwang University College of Medicine, Physiology, Iksan, South Korea
2Sungkyunkwan University School of Medicine, Physical and Rehabilitation Medicine, Seoul, South
Korea
3Pusan National University, Rehabilitation Medicine, Yangsan, South Korea
Purpose
Transcranial direct current stimulation (tDCS) is increasingly seen as a useful tool for noninvasive
cortical neuromodulation. A number of studies in humans have shown that when tDCS is applied to
the motor cortex it can modulate cortical excitability. It is especially interesting to note that when
applied with sufficient duration and intensity, tDCS can enable long-lasting neuroplastic effects.
However, the mechanism by which tDCS exerts its effects on the cortex is not fully understood. We
investigated the effects of anodal tDCS under urethane anesthesia on field potentials in in vivo rats.
Methods
These were measured on the skull over the right motor cortex of rats immediately after stimulating the
left corpus callosum. A Teflon-coated stainless-steel twisted-wire electrode (125 µm exposed tips; 0.5
mm tip separation) was placed in the left corpus callosum (3.0 mm anterior to bregma, 2.0 mm lateral
to midline, 3.0 mm below the dural surface). The electrode position was adjusted in depth to maximize
evoked field potentials at the surface of the skull (Figure 1). Reference and ground electrodes were
attached to the exposed scalp tissue and to a stereotaxic screw. To evoke field potentials in the right
motor cortex, biphasic, square-wave constant current stimulation pulses with a duration of 0.1 ms and
an intensity of 300 µA were delivered to the left corpus callosum at 30 seconds intervals using a A365
stimulus isolator. Anodal tDCS current was applied at an intensity of 250 µA for 20 minutes (n = 8) or
500 µA for 10 minutes (n = 3) using a direct current stimulator. These intensities for tDCS were based
on previously reported limits (52400 C/m 2) for safe stimulation.
Results
Evoked field potentials in the motor cortex were gradually increased for more than one hour after
anodal tDCS (Figure 2). To induce these long-lasting effects, a sufficient duration of stimulation (20
minutes or more) was found to may be required rather than high stimulation intensity.
Conclusion
We propose that anodal tDCS with a sufficient duration of stimulation may modulate transcallosal
plasticity.
*This research was supported by National Research Foundation of Korea (NRF) funded by the
Ministry of Education, Science and Technology (NRF-2014R1A2A2A01002501)
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Figure 1: Schematic diagram showing the positions of the stimulating and recording electrodes.

Figure 2: Comparison of EPSP amplitudes recorded as a function of time before and after stimulation
(tDCS, LFS during tDCS and sham).
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Cerebellar-M1 connectivity (CBI): one or two different networks?
*D. Spampinato1, J. C. Rothwell2, P. A. Celnik1
1Johns Hopkins School of Medicine, Baltimore, United States
2University College London, London, Great Britain
Introduction
Recently it has been argued that two distinct interneuron networks in the primary motor cortex (M1)
contribute distinctly to two varieties of physiological plasticity and motor behaviors (Hamada et al.
2014). Although one of the interneuron groups is thought to be dependent on cerebellar (CB) activity,
direct physiological distinction regarding CB-M1 interactions (CBI) to these subpopulations remains
poorly understood.
Objectives
This study assessed whether M1 coil orientation, thought to test different neuronal populations, affects
CBI in the context of two motor behaviors that weight differently cerebellar vs. M1 contributions.
Methods
In experiment 1 (n=10), we tested the effect of coil orientation (posterior-anterior, PA; anteriorposterior, AP) and inter-stimulus intervals (ISI: 3, 5 and 7ms) on CBI; assessed with a conditioned
TMS pulse over the cerebellum prior to TMS over the contralateral M1. In experiment 2 (n=10), we
tested how learning two distinct motor learning tasks (weighting sensorimotor calibration vs. a
sequence task) affected AP- vs. PA-CBI measured at their preferential ISI.
Results
ANOVA-RM revealed a significant CBI effect for ISI (F(2,36) = 17.807; p<0.01) and COIL
ORIENTATION*ISI interaction (F(2,36) = 8.067; p=0.01). Specifically, PA-CBI was prominent at 5ms
ISI (p = 0.02) and AP-CBI at 7ms ISI (p =0.01). To determine how learning affects AP- vs. PA-CBI at
their preferential ISI, we compared CBI before, during and after training. ANOVA-RM revealed a
significant effect of CBI for MOTOR TASK*TIME*ORIENTATION interaction (F(4,42) = 2.800; p=0.04).
When learning a sensorimotor calibration, PA-CBI changed only early during learning (p =0.02),
whereas AP-CBI changed only late (p=0.01). Additionally, during sequence learning, PA-CBI also
changed only early (p=0.01), whereas AP-CBI was not modulated.
Conclusion
These findings indicate that CB-M1 interactions are different for the two M1 neural networks. This
could be the result of either two independent CB-M1 pathways or distinct processing of cerebellar
inputs within M1.
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Probing the sensitivity of a novel MR head coil array for TMS/fMRI studies of the motor cortex
*L. Navarro de Lara1,2, M. Tik1,2, M. Woletz1,2, E. Moser1,2, E. Lasitler1,2, C. Windischberger1,2
1Medical University of Vienna, Center for medical Physics and Biomedical Engineering, Vienna,
Austria
2Medical University of Vienna, MR Centre of Excellence, Vienna, Austria
Question
The typical setup used in online TMS/fMRI experiments presents some limitations, most importantly
the poor sensitivity of the MR coil (Fig1a). In addition, new imaging techniques like parallel imaging
and multiband excitation are not available. To get over these limitations, a dedicated MR coil array
(Fig1b) for combining TMS with fMRI was developed [1]. We present results of an online TMS/fMRI
experiment over the motor cortex to show the advantages of the new setup.
Methods
The experiment was performed at 3T (Siemens, Germany). The TMS system included a MagProX100
stimulator and an MRi-B91 MR-compatible TMS coil (MagVenture, Denmark). Six healthy subjects
participated in the study. Functional images were acquired using a multiband EPI sequence
(TR/TE=1000/33ms), 14 slices, 1.5x1.5x3mm 3. Slices were aligned parallel to the TMS coil and
covered primary motor cortex. The stimulation protocol comprised 20 stimulation blocks, with five
blocks of each of the following stimulation intensities: 80, 90, 100 and 110% of the individual’s motor
threshold distributed randomly over the experiment. A finger tapping task was also conducted. Data
analysis was performed using SPM12. The design matrix comprised four task regressors representing
the 4 stimulation amplitudes.
For each subject, two regions were defined based on fMRI activation maps: (i) the global maximum,
and (ii) the maximum within M1.
Results
Fig. 2a,b shows group results as the mean of the BOLD signal intensity change in percent for the two
voxels defined above with indicator of statistical significance. In addition, averaged time courses were
calculated for global maximum (2c) and the M1 maximum (2d).
Conclusions
In both regions, a monotonic ascending relationship of signal change amplitude with TMS intensity
was observed. While activations at the global maxima were statistically significant for all intensities,
results on the M1 maximum are only significant for the 100% and 110% intensities. These results on
M1 are consistent with results obtained before [2]. Contrary to the standard setup, the new one didn’t
suffer of any artefacts under the TMS coil, where the global maximal activation was always found. The
obtained time courses demonstrated the efficiency of the new setup to acquire the signal with high
accuracy.
References
[1] Navarro de Lara et al., MRM 2015.
[2] Bestmann et al, EJN 2004.
Figure 1
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Figure 2
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Fluctuation of motor evoked potentials and resting motor threshold over time
*C. Havill1, G. Samusyte2,1, M. Koltzenburg2,1
1National Hospital for Neurology and Neurosurgery, Department of Clinical Neurophysiology, London,
Great Britain
2University College London, London, Great Britain
Introduction
MEP amplitude and RMT are measures of corticospinal excitability (CSE) that are often used as
baseline characteristics and outcome measures for various TMS protocols. However, marked variation
in the amplitude of MEPs to consecutive stimuli reduces the reliability of these estimates. Variation in
CSE over time may cause values of RMT and MEP amplitude to deviate from their initial estimates.
Objectives
Our aim was to assess the factors contributing to fluctuations of CSE, namely dispersion of the
corticospinal volley and coil positioning. We tested the hypothesis that i) trial-to-trial variation of MEP
area is less than that of amplitude and ii) significant changes in average MEP amplitude and RMT
occur due to displacements of the stimulating coil.
Materials & Methods
To assess fluctuations of CSE, single-pulse TMS was applied to the motor area of the dominant
hemisphere and EMG recorded from the contralateral relaxed FDI muscle. RMT was defined as
stimulation intensity required to evoke a response of 0.2 mV and was determined by threshold
tracking. Subsequently, RMT was tracked continuously. MEPs were recorded using stimulation
intensity of 120% RMT. For each protocol, ten 20-minute recordings were obtained from healthy
subjects. Pulses were applied every 4.6±0.5s. A navigation system was used to record coil
displacement during the experiments.
Results
Trial-to-trial variation of MEP area was as great as that of amplitude (median normalised mean
consecutive difference 0.48 (range 0.5) for both). Whilst RMT and average MEP amplitude were found
to fluctuate substantially over the course of the experiment, this was not attributable to coil
displacement.
Conclusions
Our data suggest that coil displacement and response analysis (MEP area vs amplitude) do not
contribute substantially to the variability of CSE parameters. Variation in MEP responses and RMT
over time has implications for TMS protocols which use estimates of the average MEP amplitude and
RMT. Studies such as paired pulse and rTMS should not use a single estimate to define parameters
for a long duration. Further investigations into the sources of variation will be useful to improve its
control.
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Figure 1: Changes in average MEP amplitude are not associated to coil displacement

Figure 2: Changes in RMT are not associated to coil displacement
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Ongoing EEG oscillations modulate MEP amplitudes: A possible mechanism of MEP variability
*K. Ogata1, H. Nakazono1, S. Tobimatsu1
1Kyushu University, Clinical Neurophysiology, Fukuoka, Japan
Objective
Although the resting motor threshold (RMT) is relatively stable, the variability of MEPs produced by
TMS over the primary motor cortex (M1) is well known, and its precise mechanism is still unclear. We
hypothesized that EEG oscillations just before TMS could modulate the MEP amplitudes that underlie
the MEP variability. Thus, we evaluated the relationship between EEG oscillations and MEP
amplitudes.
Methods
Two experiments were conducted in this study. EEGs were obtained at 19 locations (international 1020 system) and MEPs were recorded from right FDI in Exp. 1 (n=12). Left M1 hotspot was stimulated
by TMS with the intensity to obtain about 1 mV MEP amplitudes (S-1 mV). MEPs and EEGs were
recorded for 200 times in total for each subject under the eyes-open (EO) and eyes-close (EC)
conditions. EEGs were segmented between -500 and 0 ms of the TMS onset, and the power values
(8-30 Hz) were calculated by wavelet analysis. EEG powers were compared between the epochs of
higher and lower amplitude MEPs. In Exp. 2 (n=9), the effect of low TMS intensity was evaluated
under the EO condition. EEG oscillations were compared between the high (S-1 mV) and low intensity
(RMT) TMS conditions.
Results
EEG powers of α and β range were significantly increased (synchronization) at C3 when MEP
amplitudes were larger in both EO and EC conditions. When the EEG power difference of higher/lower
MEPs was compared between the EO and EC conditions, these differences under EO were more
pronounced than that of EC at frontal and parietal leads. In contrast, EEG powers were reduced
(desynchronization) at C3 when MEP amplitudes were larger in the low TMS condition (Exp. 2).
Discussion
We found that EEG synchronization of α/β bands prior to TMS was a determinant factor for the MEP
amplitudes at S-1 mV (Exp. 1). Distributed networks over the frontal areas may modulate MEPs
differently under EO and EC conditions. However, desynchronization of α/β bands produced MEPs at
RMT (Exp. 2). From this complex interaction between EEG synchronization/desynchronization and
TMS intensity, we assume that ongoing EEG oscillations of α/β bands performs the dual functions of
gateway and gatekeeper. Like a push-pull system, that depends on the ongoing EEG state and TMS
intensity, the dual system may allow the TMS impulses to M1 by which the MEP variability occurs.
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Reliability of threshold tracking technique for short interval intracortical inhibition
*G. Samusyte1, H. Bostock1, J. Rothwell1, M. Koltzenburg1
1UCL Institute of Neurology, Sobell Dpt., London, Great Britain
Introduction
In threshold-tracking TMS, stimulation intensity is adjusted online to maintain a predefined target MEP
response, thus allowing monitoring and controlling for the naturally occurring fluctuations in
corticospinal excitability as well as technical errors. Although it is emerging as a useful clinical tool,
little is known about its reliability and comparability with conventional techniques.
Objectives
To evaluate the reproducibility of the threshold-tracking (constant response) TMS technique for short
interval intracortical inhibition (SICI) and compare it with standard (constant stimulus) measurements.
Methods
SICI was measured in 12 healthy volunteers (6 males, 31±7.6 years) from the right FDI muscle using
an automated stimulation protocol incorporating (i) conventional, fixed-intensity (A-SICI) and (ii)
threshold tracking (T-SICI) methods at conditioning stimuli (CS) of 50-80% resting motor threshold
(RMT) and interstimulus interval of 2.5 ms. RMT was defined as a stimulation intensity required to
evoke a response of 0.2 mV and was determined by threshold tracking. Measurements were repeated
on the same day and at least a week later by a single operator.
Results
No significant differences in mean RMT, A-SICI and T-SICI were observed between sessions. RMT
and TS, measured by threshold-tracking technique, showed excellent intra- and adequate interday
reproducibility. At 50% RMT CS both types of SICI had poor reproducibility. At all other CS intensities,
T-SICI had excellent intraday (intraclass correlation coefficient, ICC 0.81-0.92) and adequate-toexcellent interday (ICC 0.61-0.88) reproducibility, while A-SICI showed poor intraday and poor-toadequate interday reproducibility (ICC 0.29-0.37 and 0.37-0.51, respectively).
Conclusion
SICI measured by threshold tracking shows good intra- and interday reproducibility. Automation of the
procedure and allowance for naturally occurring fluctuations in cortical excitability by threshold tracking
may increase the reproducibility of SICI.
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The role of ipsilateral motor areas in hand motor function - insights from online TMS
*C. Tscherpel1,2, L. Hensel2, L. J. Volz3, G. R. Fink1,2, C. Grefkes1,2
1Research Center Jülich, Jülich, Germany
2University Hospital Cologne, Neuroloy, Cologne, Germany
3University Santa Barbara, Department of Psychological & Brain Sciences, Santa Barbara, Germany
Background
Event-related transcranial magnetic stimulation (TMS) allows to interfere with neural processing of
cortical areas. While we have a rather good knowledge of the role of frontoparietal areas for motor
performance of the contralateral hand, the contribution of ipsilateral areas is far less understood [1].
Neuroimaging studies found an increasing recruitment of ipsilateral motor regions in healthy elderly,
implying a supportive influence during normative ageing [2,3]. To test this hypothesis, we used onlineTMS to investigate the role of ipsilateral primary motor cortex (M1), premotor cortex (dPMC), and the
anterior intraparietal sulcus (aIPS) in motor tasks of different complexity in young and elderly subjects.
Methods
30 healthy, right-handed subjects (15 young (27.8y); 15 elderly (61.3y)) conducted four motor tasks of
different complexity: (i) simple reaction time task, (ii) maximum finger and (iii) hand tapping
frequencies, and (iv) rapid pointing between two defined targets. Tapping and pointing tasks were
recorded with kinematic motion analyzer system (Zebris). TMS pulses were applied as 10 Hz-trains,
time-locked to task execution. Stimulation was applied at 90% intensity of the resting motor threshold
(rMT) to ipsilateral M1, dPMC, and aIPS. Sham-stimulation at 90% of rMT to parieto-occipital vertex
served as control condition.
Results
In the finger tapping task (ii) we found both a main effect of online-TMS and an interaction effect
between group and stimulation site. While in elderly stimulation over dPMC led to a decrease in
tapping intervall, performance in the young group was mainly affected by M1-stimulation. Furthermore,
for the target pointing task (iv) we found a decrease of aiming accuracy in the elderly group upon TMS
interference with aIPS and dPMC but the young stayed unaffected by stimulation over all sites. Finally,
age correlated with a frequency reduction of hand tapping (iii) induced by aIPS-stimulation.
Conclusion
Our findings suggest that there are differential roles of investigated areas in motor performance in
ageing. The data further displays relevance of dPMC and aIPS in repetitive tapping and target pointing
tasks in elderly. Both regions seem to be causally engaged in maintaining performance in elderly. This
might indicate that an increasing recruitment of ipsilateral motor regions [2,3] seems to have a
supportive influence on motor performance in elderly.
[1] Davare et al. (2007), Cereb Cortex
[2] Hutchinson et al. (2002), Neuroimage
[3] Riecker et al. (2006), Neuroimage
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Specific and non-specific inhibition of interneurons circuits during motor preparation and
suppression
*R. Hannah1, S. Cavanagh1, S. Tremblay1, S. Simeoni2,1, J. C. Rothwell1
1UCL Institute of Neurology, Sobell Department of Motor Neuroscience & Movement Disorders,
London, Great Britain
2University of Udine, Department of Experimental and Clinical Medical Sciences, Udine, Great Britain
Introduction
Corticospinal excitability is transiently suppressed during motor preparation [1] and when cancelling a
prepared movement [2]. Because MEPs are suppressed even in task-irrelevant muscles [1,2], it has
been proposed that there is a “global” inhibitory signal [1].
Objectives
We tested the whether the inhibition is global or specific to different excitatory interneuron circuits in
primary motor cortex (M1).
Materials & methods
A controllable pulse parameter TMS (cTMS; Rogue Resolutions Ltd.) device was used to activate
distinct interneuron circuits in M1 by changing the coil orientation (posterior-anterior, PA; anteriorposterior, AP) and TMS pulse width (30-120 μs). Motor evoked potentials (MEPs) were elicited in the
first dorsal interosseous muscle(s) using short AP- (AP30) and long PA-directed (PA120) pulses at
various stages during: (1) a left/right choice reaction time task (CRTT) in which a non-informative
warning cue appeared 0.5s prior to the imperative signal indicated the required response; and (2) a
Go/No-Go task in which a non-informative warning cue appeared 2s prior to a Go or No-Go signal
indicating to respond or not respond. Because TMS pulse specificity is greatest at low stimulus
intensities, experiments were conducted with weak voluntary contraction (5-10% maximum) to reduce
stimulus threshold.
Results
AP30 pulses evoked MEPs with a longer latency than PA120 pulses, confirming that different excitatory
interneurons were recruited by the different pulse. [RH1] In the CRTT, the amplitude of AP 30-evoked
MEPs was suppressed at the time of the imperative stimulus in both responding and non-responding
hands, whereas responses to PA120 stimuli were unaffected (Fig. 1A).[RH2] In the Go/No-Go task,
AP30 and PA120 MEPs were suppressed to a similar extent in the No-Go condition near to the expected
onset of movement (Fig. 1B).
Conclusion
During motor preparation for the CRTT there was a selective suppression of one interneuron circuit in
M1. In contrast, a global inhibition of corticospinal excitability was observed following a decision not to
move. The implication is that the mechanisms underlying each form of inhibition are at least partially
distinct.
References
[1] Greenhouse et al. (2015) J Neurosci, 35, 10675-10684
[2] Hoshiyama et al. (1997) Electroenceph Clin Neurophysiol, 105, 255-261
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Enhanced biasing effect of prior knowledge on perceptual decision processes following
continuous theta burst stimulation of motor cortex
*R. Hannah1, S. Modi1, J. Bonaiuto1, J. C. Rothwell1
1UCL Institute of Neurology, Sobell Department of Motor Neuroscience & Movement Disorders,
London, Great Britain
Introduction
Separate interneuron circuits in human motor cortex (M1) have been suggested to subserve different
forms of motor behaviour, but it is not clear what role they play in other aspects such as decision-toaction processes.
Objectives
We tested whether two distinct interneuron networks in M1 play different roles in perceptual decisionmaking.
Materials & Methods
10 participants completed 3 blocks of a decision making task in each of 2 measurement sessions.
Participants responded to a left/right visual imperative cue with left/right hand key presses. A random
dot kinetogram (RDK) with 2 levels of coherent motion (low, high) preceded the visual cue. In 80% of
trials the motion direction of the dots was congruent with that of the imperative cue, and thus could be
used to prepare a response in advance. Accuracy and reaction time (RT) associated with correct
responses in congruent trials were measured. A controllable pulse parameter transcranial magnetic
stimulation (cTMS; Rogue Resolutions Ltd.) device was used to target distinct interneuron circuits in
M1 by changing the coil orientation (posterior-anterior, PA; anterior-posterior, AP) and pulse width (4575 μs). A continuous theta burst stimulation (cTBS) protocol was applied with AP45 or PA75 pulses, in
separate sessions, to the left M1 following the first block of the decision-making task.
Results
Accuracy of responses was typically ≥95%, therefore we focus on RTs. As expected, RTs were faster
with high versus low RDK coherence (Fig 1A-D). There was no effect of pulse type on RTs, but
ANOVA revealed an interaction of hand, block and coherence (P = 0.029). Calculating the percentage
change in RT from low to high coherence trials (Fig 1E-F) revealed an improvement in RTs for right,
but not left, hand responses in high, but not low, coherence trials immediately after cTBS.
Conclusion
Irrespective of the pulse type, and thus M1 interneuron circuits targeted, cTBS over left M1 enhanced
the bias effect for corresponding right hand responses, but only following high coherence RDK. cTBS
may have altered the integration in M1 of the sensory evidence from the bias and imperative cue,
giving more weight to the bias which normally has a relatively minor influence.
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Robot-guided approach to the correlation of TMS intensity and focality in man
*M. Hewitt1, J. Meincke1, D. Liebetanz1
1University Medical Center Goettingen, Clinical Neurophysiology, Goettingen, Germany
Introduction
Strength and extension of the TMS-induced electromagnetic field increase with stimulation intensity at
the expense of spatial accuracy. The concept of focality has not been investigated systematically in
vivo yet.
Objective
To determine the focality of a given TMS coil we developed a linear mapping approach that assesses
the correlation of intensity and spatial accuracy.
Methods
A line of 21 targets was placed in anterior-posterior direction through the center of gravity (COG) of the
FDI hotspot with 2 mm spacing (N=8, Magstim 200², 70 mm figure-8 coil). Recruitment curves were
measured at each target with 15 pulses per intensity (threshold intensity + 1, 2 and 3% of maximum
stimulator output (MSO)) with a randomized order over all targets and intensities. The probability was
calculated as the ratio of pulses resulting in an MEP ≥ 50 µV to the total number of pulses for each
stimulation point and intensity. The intensities were categorized by the lowest intensity with a
probability of 1 (P1) and lower (P1-1%, P1-2% and P1-3%). The bilateral data was centered on the
COG, a logistic function (P=A/(1+(x/x0)p) was fitted to the unilateral data to describe the relation of coil
position, stimulation intensity and probability (MEP≥ 50 µV). The extent of FDI representation in
relation to intensity was determined as two times the difference between the COG and the minimum of
the 2nd derivative. Additionally, we calculated the slope width between the minimum and maximum of
the 2nd derivative to determine the range at which the effective electric field leaves the hotspot,
resulting in the highest decrease of probability. The extent of FDI and the slope width were plotted
against the intensities to describe their correlation.
Results
A sigmoid relation between response rate and stimulation intensity was observed for all intensities.
The plateau width (FDI extent) increased linear by 6.4±1.3 mm/%MSO. In contrast, the slope width
was 6.1±0.2mm across all intensities.
Conclusion
The results prove a linear relation of near threshold TMS intensities and focality with a decrease of
spatial accuracy by 6.5 mm/%MSO when using a standard figure-8 coil. By calculating the slope
widths of the intensity curves (6.1 mm) we propose a novel approach to determine the extent of a
motor cortical representation that is not influenced by intensity.
Figure 1

Figure 2
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Probing neural mechanisms of auditory streaming in humans by transcranial direct current
stimulation
*S. Deike1, M. Deliano1, A. Brechmann1
1Leibniz Institute for Neurobiology, Magdeburg, Germany
Introduction
One hypothesis concerning the neural underpinnings of auditory streaming states that frequency
tuning of tonotopically organized neurons in primary auditory fields in combination with physiological
forward suppression leads to separable representations of high-frequency A and low-frequency B
tones. The extent of spatial overlap between the tonotopic activations of A and B tones is thought to
underlie the perceptual organization of streaming sequences into one coherent or two separate
streams. The present study attempted to interfere with these mechanisms by transcranial direct
current stimulation (tDCS) and to probe behavioral outcomes reflecting the perception of ABAB
streaming sequences.
Objectives
We hypothesized that depending on the polarity, tDCS modulates the frequency selectivity and the
degree of forward suppression in the neural populations activated by tones A and B. With depolarizing
anodal stimulation, tonotopic activation should be broadened. Hyperpolarizing cathodal stimulation
should narrow the spatial activation in auditory cortex (AC). As a perceptual effect, tDCS should
therefore modulate the proportion of one-stream and two-stream perception whit anodal tDCS
reducing two-stream and enhancing one-stream perception, whereas cathodal tDCS enhancing twostream and reducing one-stream perception.
Material and Methods
Twenty-two subjects were presented with ambiguous ABAB sequences of three different frequency
separations and had to decide on their current percept. Before this psychophysical task, the subjects
received sham, anodal, or cathodal tDCS over the left AC for 15 minutes. Each subject performed
three consecutive sessions at 1-week intervals to avoid interference effects. In two out of three
sessions, subjects were stimulated with anodal and cathodal direct current, respectively, and in one
session they underwent a sham condition.
Results
We could confirm our hypothesis at the most ambiguous ∆F condition of 6 semitones. For anodal
compared to sham and cathodal stimulation, we found a significant decrease in the proportion of twostream and an increase in the proportion of one-stream perception.
Conclusion
The results demonstrate the feasibility of using tDCS to probe mechanisms underlying auditory
streaming through the use of behavioral measures.
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The role of the angular gyrus in creative and automatic tasks
*H. Pick1, M. Lavidor1
1bar ilan university, psychology, Ramat gan, Israel
Introduction
Research suggests that creativity entails forming of new associative links between otherwise unrelated
concepts, these new links should be in some way useful. In addition, the Angular gyrus (AG) plays a
role in complex information integration and knowledge retrieval. Neuroimaging creativity studies
observed deactivation in the AG while participants were engaged in creative tasks (Fink et al., 2010;
Berkowitz and Ansari, 2010). This deactivation can reflect inhibition of prevalent stimulus-related
information retrieval that allows more original responses reach conscious awareness.
Objectives
In the current study we hypothesize that automaticity is the opposite of creativity, hence we aim to
enhance creativity by decreasing automaticity.
Materials & Methods
Under this hypothesis we will use transcranial direct current stimulation (tDCS) to activate the AG in
order to enhance automaticity, and to deactivate the AG in order to enhance creativity. Healthy
subjects in the enhanced creativity group will receive cathodal stimulation above the right angular
gyrus, while the enhanced automaticity participants will receive double anodal stimulation to the right
and left AG (p3 and P4). In addition, each participant will undergo a sham (control) condition, with one
week interval between the experiment condition and the sham condition. Participants will perform two
creative tasks, the Alternative uses task (AUT) (Fink et al., 2010) and the Remote association task,
and two automatic tasks of lexical decisions.
Results
The study is due to end on June 2016, current 4 subjects generated more original solutions in the AUT
task under the cathodal AG stimulation, and were faster in the lexical decision tasks under the double
anodal stimulation.
Conclusion
Under the cathodal stimulation of the AG, participants showed better creativity performance. The
double anodal stimulation improved automaticity performance.
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Modulation of semantic speech-gesture matching performance by tDCS
*R. Schülke1, B. Straube1
1Philipps-Universität Marburg, Klinik für Psychiatrie und Psychotherapie, Marburg, Germany
Introduction
Co-verbal gestures are an important part of human communication. Brain imaging studies suggest a
different contribution of the left frontal lobe for processing metaphoric (gesture refers to abstract
sentence content) in contrast to iconic (gesture refers to concrete sentence content) co-verbal
gestures. However, to our knowledge, so far the functional relevance of the left frontal lobe in
metaphoric compared to iconic co-verbal gesture processing has not been demonstrated.
Objectives
We investigated the functional relevance of the left frontal lobe for processing metaphoric co-verbal
gestures using transcranial direct current stimulation (tDCS). Consequently, we hypothesized a
polarization dependent effect of left frontal tDCS on reaction times and ratings of healthy subjects in a
semantic speech-gesture matching task.
Materials & Methods
Using a complex multi-session design, we applied anodal, cathodal and sham tDCS stimulation to left
and right frontal (F3/F4) and parietal (CP3/CP4) areas. During stimulation, subjects were presented
with videos of an actor speaking concrete/abstract sentences accompanied by related/unrelated iconic
or metaphoric gestures. After each video clip, subjects rated how well gestures matched sentence
content.
Results
We found electrode localization (frontal, frontoparietal, parietal) and polarization (anode/cathode)
dependent changes in reaction times and ratings for metaphoric vs. iconic co-verbal gestures
(stimulation x gesture type interaction; SxG). Post-hoc tests revealed a specific polarization effect for
frontoparietal stimulation sites, as anodal stimulation of the left frontal lobe (left frontal anode, right
parietal cathode; LFA-RPC) decreased reaction times and relatedness ratings compared to cathodal
(LFC-RPA) stimulation for metaphoric conditions, but not for iconic conditions (frontoparietal SxG).
Conclusion
Using tDCS, we demonstrated the functional relevance of the left frontal lobe for processing
metaphoric co-verbal gestures. Thus, tDCS may constitute a promising approach to
neurorehabilitation of patients with metaphoric gesture processing deficits, such as patients with
schizophrenia.
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Variability and stability in response to 2mA transcranial Direct Current Stimulation (tDCS)
*K. Dyke1, S. Jackson1, G. Jackson1,2
1University of Nottingham, School of Psychology, Nottingham, Great Britain
2University of Nottingham, Institute of Mental Health, Nottingham, Great Britain
Introduction
Repeated application of tDCS has been found to induce prolonged changes in cortical excitability. This
has led to interest into the techniques therapeutic potential and a range of promising findings.
However, there remain a number of unexplored issues, including the high level of individual variability
often found in response to tDCS [1].
Objectives
The study aimed to investigate inter and intra-subject variability in response to 2mA anodal, and
cathodal tDCS.
Method
Ten subjects participated in four testing sessions for both anodal and cathodal stimulation
respectively. Nine participants also completed two sessions of sham stimulation. Various TMS
techniques including Input-Output (IO) curves were used to measure change in cortical excitability.
Results
Large inter-subject variability was apparent for all conditions; however, group analysis of IO curve
changes revealed that anodal tDCS significantly increased excitability (fig.1), whereas cathodal (fig.2)
and sham failed to have any significant effects. Analysis of intra-subject changes in cortical excitability
across the four sessions revealed poor reliability for both anodal and cathodal stimulation. Reliability in
the sham condition was fair.
Conclusions
The findings have important implications for the use of tDCS in research and therapeutic contexts. In
particular the findings suggest that group level analysis may mask substantial differences occurring at
an individual level. The finding that cathodal tDCS did not significantly alter cortical excitability at a
group level, and that the effects were not stable within participants suggests particular caution is
warranted when using these parameters to modulate cortical excitability.
[1] Wiethoff, S., M. Hamada, and J.C. Rothwell, Variability in response to transcranial direct current
stimulation of the motor cortex. Brain Stimulation, 2014. 7(3): p. 468-475.
Figure 1
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Evidence for state dependent direct effects of alpha band transcranial alternating current
stimulation
*P. Ruhnau1, T. Neuling2, M. Fuscá3, C. S. Herrmann4, G. Demarchi2, N. Weisz2
1Otto-von-Guericke-University Magdeburg, Department of Neurology, Magdeburg, Germany
2Paris-Lodron-University Salzburg, Centre for Cognitive Neuroscience, Salzburg, Austria
3University of Trento, Center for Mind/Brain Science, Trento, Italy
4Carl von Ossietzky University Oldenburg, Research Center Neurosensory Science, Oldenburg,
Germany
Introduction
Transcranial alternating current stimulation (tACS) is used to modulate brain oscillations to measure
changes in cognitive function. It is only since recently that brain activity in human subjects during tACS
can be investigated.
Objectives
In the current study we examine entrainment effects caused by tACS at the individual alpha frequency
(IAF) in humans.
Material & Methods
We analyze magnetencephalographic (MEG) data transformed to source space following a method we
recently showed to diminish the tACS artifact, which makes analysis of brain activity during tACS
possible. Using source level data from our previous study here we investigate the phase relationship
(coherence) between the external tACS and the neural signal in two resting state condition.
Results
We find proof of entrainment in visual cortex areas. Interestingly, this entrainment is only significant
when subjects had their eyes open; visual areas were not significantly entrained to tACS when
subjects closed their eyes. Furthermore, we find considerable variation across subjects in the delay
between tACS and the entrained brain activity.
Conclusion
In conclusion, tACS at individual alpha frequency entrains brain activity in visual cortices, however, in
a state dependent manner as this effect can only clearly be observed with eyes open.
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Modulation of corticothalamic sleep regulation by transcranial direct current stimulation is an
area-specific effect
*L. B. Krone1, L. Frase1, P. Selhausen1, S. Zittel1, F. Jahn1, H. Piosczyk1, B. Feige1, M. Nitsche2,3,4, D.
Riemann1, C. Nissen1
1University Medical Center Freiburg, Psychiatry and Psychotherapy, Freiburg, Germany
2University Medical Center Göttingen, Department of Clinical Neurophysiology, Göttingen, Germany
3Leibniz Research Centre for Working Environment and Human Factors, Department of Psychology
and Neurosciences, Dortmund, Germany
4University Medical Hospital Bergmannsheil, Department of Neurology, Bochum, Germany
Question
Corticothalamic feedback loops represent a ‘top-down’ pathway of sleep regulation accessible for
interventions with non-invasive brain stimulation into sleep physiology. Distinct methods of current
stimulation to prefrontal regions can be used to increase slow wave activity, boost memory
consolidation, elicit self-awareness during dreams, or alter total sleep time. However, it has not been
investigated whether these effects are specific for prefrontal targets or arise from a more general
cortical stimulation effect. We hypothesized that parietal transcranial direct current stimulation (tDCS)
before sleep is inferior to prefrontal stimulation in modulating total sleep time during overnight sleep.
Our aim was to examine whether tDCS effects on sleep regulation are area-specific for prefrontal
regions.
Methods
We applied a standardized tDCS protocol (2mA, 2 x 9 min. cathodal, 2 x 13 min. anodal) immediately
prior to overnight sleep to the parietal cortex of 10 healthy subjects in a randomized crossover design.
We compared the results to our initial group, which had undergone the same tDCS protocol to the
prefrontal cortex resulting in a significantly reduced total sleep time by 27.6 minutes after anodal
(activating) versus cathodal (deactivating) stimulation (p < 0.01).
Results
In contrast to prefrontal stimulation, parietal tDCS prior to overnight sleep did not yield any significant
effects on total sleep time and other polysomnographic measures.
Conclusions
These results strongly support the hypothesis that sleep-modifying effects of tDCS depend on specific
corticothalamic feedback loops between the prefrontal cortex and thalamus. We interpret these
findings as further evidence for the pivotal role of the prefrontal cortex in regulation of arousal states.
Together with our previous data this study supports the assumption that non-invasive brain stimulation
to prefrontal areas could be a promising non-pharmaceutical therapeutic approach for conditions of
impaired or abundant arousal.
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Modulating cortical excitability of human motor cortex by β- and γ-band transcranial
alternating current stimulation (tACS)
*M. Nowak1, E. Hinson1, A. Guerra2,3, A. Pogosyan3, F. van Ede4, A. Quinn4, P. Brown3, C. Stagg1
1University of Oxford, Nuffield Department of Clinical Neurosciences, Oxford, Great Britain
2Universita Campus Bio-Medico, Department of Neurology, Rome, Italy
3University of Oxford, MRC Brain Network Dynamics Unit, Oxford, Great Britain
4University of Oxford, Department of Psychiatry, Oxford, Great Britain
Introduction
Transcranial alternating current stimulation (tACS) is a non-invasive technique capable of interacting
with endogenous brain oscillations in a frequency-specific manner (Zaehle et al 2010; Feurra et al
2011). Synchronized oscillatory activity at beta (15-30 Hz) and gamma (30-90 Hz) frequency range is
of particular importance in the motor system. Importantly, recent work on tACS has provided evidence
that beta and gamma oscillations are causally linked to aspects of motor behaviour (Pogosyan et al
2009; Joundi et al 2012). Despite this, little is known about the mechanisms underlying tACS. The
present study investigated the effects of beta- and gamma-frequency tACS on various measures of
cortical excitability, as indexed by TMS.
Methods
Subjects participated in five experimental sessions separated by at least one week. In Session 1, all
subjects had a MEG scan in order to determine individual beta and gamma peak frequency for
subsequent tACS sessions. In Sessions 2-4, subjects underwent tACS at beta, low gamma, high
gamma frequency or a sham stimulation. tACS was applied for 20 min over the left M1 and the
contralateral orbit at intensity adjusted below individual phosphene- and discomfort threshold. TMS
protocols, including a single-pulse MEP, SICI2.5ms and ICF, were performed at rest before, during (at 5
and 15 min) and after tACS. A single MEP and SICI2.5ms were also recorded during movement
preparation before and after tACS.
Results
High gamma tACS increased single-pulse MEP and decreased SICI amplitudes during 15 min and 5
min of tACS, respectively, when compared to sham. Conversely, the opposite trend was observed for
a single-pulse MEP at 5 min and SICI at 15 min. In both cases, within-session changes from baseline
at an early time point were correlated with those at a later time point during stimulation. No interprotocol correlations were found at 5 min or 15 min during high gamma tACS. No after-effects of tACS
were observed in any of the stimulation sessions as compared to sham.
Conclusions
Single-pulse MEP and SICI amplitudes reflecting general corticospinal excitability and GABA Amediated inhibition at the level of the primary motor cortex, respectively, were affected online in a
duration-dependent manner by high gamma tACS. These changes resemble homeostatic-like
plasticity, although no effect lasting beyond the stimulation period was observed. In addition, changes
observed early could predict subsequent changes later on during stimulation.
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Does Anodal transcranial direct current stimulation elicit consistent effects?
*C. Ammann1, M. A. Lindquist2, P. A. Celnik1
1Johns Hopkins University/School of Medicine, Physical Medicine and Rehabilitation, Baltimore,
United States
2Johns Hopkins University/Bloomberg School of Public Health, Biostatistics, Baltimore, United States
Introduction
It is well known that transcranial direct current stimulation (tDCS) is capable of modulating cortical
excitability. However, a source of growing concern has been the observed inter-individual variability of
tDCS responses, and more recently, the intra-individual variability over repeated expositions. Few
studies have investigated the reproducibility of tDCS effects over repeated sessions by assessing
whether individuals respond in a predictable manner. The findings of these investigations showed to
be inconsistent, and lack control groups to determine whether variability was related to the measuring
tool (i.e. TMS).
Objective
The main objective of this study was to determine inter- and intra-individual variability of anodal tDCS
(atDCS) effects on primary motor cortex (M1) excitability when applied over multiple sessions. In
addition, we assessed whether tDCS response consistency was dependent on the stimulation
parameters (i.e. current intensities).
Subjects & Methods
Twelve subjects participated in a randomized crossover counterbalanced study, in which they received
atDCS over M1 in three separate conditions (2mA, 1mA, sham) each repeated three times separated
by 48 hrs. tDCS was delivered using a standard montage with the active electrode centered over M1
and the reference over the right supra-orbital area. Motor evoked potentials were recorded before and
after stimulation (up to 30 min). Time and day of testing was maintained consistent within participants.
To estimate the reliability of tDCS effects across multiple sessions, the Intra-class Correlation
Coefficient (ICC) was calculated.
Results
AtDCS significantly increased cortical excitability at the group level in all sessions, except for the 1mA
condition. The ICC revealed fair to good reliability of tDCS effects. Given the distribution of individual
responses showed important variability for the sham condition, we established a cut-off value based
on this data to classify responses and to track individual changes across sessions for all conditions.
Using this value, an intra-individual consistent response pattern was observed only in the 2mA
condition.
Conclusion
2mA anodal tDCS results in consistent intra- and inter-individual increases of M1 excitability.
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Impact of high definition transcranial direct current stimulation over the dorsomedial prefrontal
cortex on social cognition
A. Martin1, *M. Meinzer1
1The University of Queensland, Brisbane, Australia
Question
The dorsomedial prefrontal cortex (dmPFC) is considered a key component of the “social brain” and
has been associated with self-other distinctions across a variety of “theory of mind” (ToM) tasks.
Objective
To assess the impact of high-definition transcranial direct current stimulation (HD-tDCS) over the
dmPFC on a low-level visual perspective taking task (VPT), high-level affective ToM task (Mind in the
Eyes), and on the self-reference effect in episodic memory.
Methods
Using a within-subjects, cross-over design, twenty healthy young subjects (18-35yrs) received 1mA
excitatory (anodal) tDCS for 20 minutes or sham-tDCS whilst completing three socio-cognitive tasks.
tDCS was administered using a one-channel DC-stimulator and two concentric round rubber
electrodes. The Mind in the Eyes task (MITE) involved selecting the emotion or cognitive state
represented in a set of eyes. The subjects were then asked how often they, or another (Barack
Obama), felt that way. Age and gender judgements acted as a low-level social judgement control
condition. After approximately 30 minutes, subjects were asked to recall as many chosen
emotion/cognitive state words they could remember, followed by a recognition task. In between,
subjects completed a task able to measure implicit, level-1 (line of sight judgment), and level-2
(location of objects relative to other’s perspective) VPT.
Results
There was no effect of anodal-tDCS on MITE performance. Anodal-tDCS increased the impact of the
other agent’s perspective during self-perspective judgements in level 1 and level 2 VPT, but not during
implicit VPT. Specifically, during anodal-tDCS, there was a greater difference in reaction time between
scenes congruent or incongruent with the perspective of the other agent. During the recognition
memory task, anodal-tDCS increased memory for other-encoded emotion words with no impact on
self-encoded emotion words.
Conclusions
The findings demonstrate for the first time that high-definition tDCS over the dmPFC can improve
social cognition, especially concerning the salience of other encoded memories or the perspective of
others. This proof of concept study paves the way for assessing the impact of HD-tDCS in clinical
populations who may benefit from improved social cognition.

250

P171
Impact of a novel high-definition tDCS set-up on cognitive control
O. Gbadeyan1, M. Steinhauser1,2, K. McMahon1, B. Hsieh1, *M. Meinzer1
1The University of Queensland, Brisbane, Australia
2Catholic University of Eichstaett, Eichstaett, Germany
Question
High-definition transcranial direct current stimulation (HD-tDCS) allows for more focal current delivery
than conventional-tDCS. However, very few studies have assessed potential cognitive effects and
regional specificity of HD-tDCS.
Objectives
This study assessed the impact and specificity of a novel HD-tDCS montage on cognitive control
during a visual flanker task.
Methods
120 healthy young participants were recruited and randomly assigned to four stimulation conditions:
left or right dorsolateral prefrontal cortex (DLPFC) or primary motor cortex (M1) HD-tDCS (N=30 per
condition). Each group underwent both active- and sham HD-tDCS in cross-over, double-blind
designs. tDCS was administered using a one-channel DC-stimulator and two concentric round rubber
electrodes mimicking the frequently used “4x1” HD-tDCS set-up. Our analyses focused on conflict
adaptation (CA), a hallmark effect of adaptive cognitive control. Conflict adaptation in the flanker
paradigm is reflected by the finding that the flanker effect (i.e., differences in response latency
between incongruent and congruent trials in the flanker task) is smaller following trials with high vs.
low response conflict.
Results
We obtained a sizeable CA effect which was influenced by region-specific active HD-tDCS, as
indicated by a significant four-way interaction between region, stimulation, current congruency and
previous congruency (p<0.05). In the DLPFC groups, a significant three-way interaction between
stimulation, current congruency and previous congruency (p<.003) indicated larger conflict adaptation
during active- vs. sham HD-tDCS. This effect was not further modulated by the laterality of the
stimulation. In the M1 groups, CA was not modulated by HD-tDCS. However, we obtained trends
suggesting that M1 stimulation led to activation of the contralateral hand but these effects were weak
and emerged in RTs and error rates depending on whether left or right M1 was stimulated.
Conclusions
Our results confirm the potential of this novel HD-tDCS set-up to modulate behavioural performance in
a regionally specific manner. Selectively improved conflict adaptation during DLPFC stimulation
supports the theory that left and right DLPFC play a critical role in behavioral adaptation following
conflict detection.
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Frequency modulation of reward and punishment feedback processing during frontal cathodal
transcranial direct current stimulation
*M. Wischnewski1, D. Schutter1
1Donders Institute, Donders Centre for Cognition, Nijmegen, Netherlands
Introduction
Evidence from electroencephalographam (EEG) studies indicates that reward and punishment-related
feedback signals during decision making are associated with delta (1-3 Hz) and theta (4-7 Hz)
oscillatory activity. Cathodal transcranial direct current stimulation (tDCS) to the frontal cortex has
shown to impair decision making in healthy volunteers. Whether this impairment of cathodal tDCS
involves the modulation of delta and theta activity to reward and punishment feedback is not known.
Objective
To test the hypothesis that cathodal tDCS attenuates reward and punishment related feedback activity
in the delta and theta frequency range.
Methods
In a within-subjects, cross-over, double-blind, sham-controlled design, thirty healthy adult volunteers
received cathodal over the frontal cortex (cathodal position: FPz, 5x7 cm, reference position: Cz,
10x10cm) at an intensity of 1 mA for a maximum of twelve minutes. During tDCS administration,
volunteers performed a decision making task in which reward and punishment feedback was delivered
in a random fashion. Event-related EEG feedback signals to reward and punishment were recorded
from thirteen sensors near the stimulation electrodes. A complex Morlet wavelets analysis was
performed to extract delta and theta activity following reward and punishment feedback. The study
protocol was approved by the Committee on Research Involving Human Subjects of the Radboud
University Medical Centre.
Results
Artifact free EEG signals were analyzed in twenty-three participants from the posterior midline
electrode. Cathodal compared to sham tDCS significantly decreased theta oscillatory activity between
210 and 500 ms to reward feedback. No effects were observed in the delta frequency range.
Furthermore, no differences were observed during punishment-related feedback processing.
Conclusion
Our findings provide evidence for frequency-specific modulatory effects of cathodal tDCS. The
reduction in theta oscillations during reward-related feedback processing may indicate reduced cortical
responsiveness to reward signals.
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Bi-frontal transcranial direct current stimulation does modulate sleep, but does not affect
sleep-related memory consolidation
*L. Frase1,2, H. Piosczyk1,2, F. Jahn1,2, S. Zittel1,2, L. Krone1,2, P. Selhausen1,2, B. Feige1,2, J. G.
Maier1,2, D. Riemann2, M. A. Nitsche3,4,5,6, C. Nissen1,2
1University Medical Center Freiburg, Department of Psychiatry and Psychotherapy, Freiburg, Germany
2University Medical Center Freiburg, Department of Clinical Psychology and Psychophysiology,
Freiburg, Germany
3University Medical Center Göttingen, Department of Clinical Neurophysiology, Göttingen, Germany
4Leibniz Research Centre, Working Environment and Human Factors, Dortmund, Germany
5University Medical Hospital Bergmannsheil, Department of Neurology, Bochum, Germany
6 Germany
The crucial role of a hippocampal-cortical replay that gradually strengthens hippocampus-independent
cortico-cortical connections has been recently emphasized for the prefrontal cortex (PFC). In a prior
analysis, we demonstrated that bi-frontal anodal tDCS significantly decreased total sleep time in
healthy participants. To further elucidate the relevance of prefrontal activity levels for sleep-related
memory consolidation, we explore the effects of bi-frontal tDCS on pre-post sleep memory
consolidation.
18 healthy participants (13 females, age 53.1 ± 6.6 years) underwent three experimental nights with
one of three counterbalanced tDCS protocols (anodal, cathodal, sham) immediately prior to
polysomnography (11 pm to 7 am, interval of 3-7 d). tDCS was transferred via two pairs of electrodes
(5cm x 7cm over FP1/FP2 and 10cm x 10cm over P3/P4) covered with electrode cream (1mA over
each target electrode, ramp up/down of 30 s, interstimulus interval 20 min). At 8 pm, 46 semantically
related word-pairs were presented in a randomized order (Presentation® software) followed by
repeatedly tapping a five-element sequence of numbers as fast and accurately as possible. At 8 am on
the following morning, memory retrieval was assessed in a cued recall test for word-pairs (percentage
of correctly retrieved referred to encoded words) and in a finger tapping test session (percentage of
average speed and accuracy improvement).
Bi-frontal tDCS did not result in significant changes in pre-post sleep memory consolidation in either of
the examined memory systems. Specifically, repeated measures analyses of variance detected no
significant condition effect for the percentage of correct word pairs (F=0.2, p= .820, pETA²= .012),
finger tapping speed (F=1.9, p= .167, pETA²= .113) or accuracy (F=0.1, p= .827, pETA²= .010).
In contrast to our finding of a decreased total sleep time in healthy participants following bi-frontal
anodal tDCS, the stimulation protocol did not influence sleep-related memory consolidation. As mainly
remote memory has been proposed to be dependent on the PFC, the test interval could have been too
short to detect long-term memory effects. Besides, the results support that sleep modulating tDCS can
be considered a safe and promising tool without severe adverse cognitive effects.
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Effects of transcranial direct current stimulation (tDCS) intensity on vigilance performance
*R. McKinley1, L. McIntire1, B. Tabares1, J. Nelson1, B. Greier2, S. Harshman2, C. Goodyear1
1Air Force Reesarch Laboratory, Applied Neuroscience, Wright-Patterson AFB, United States
2Air Force Research Laboratory, Wright-Patterson AFB, United States
Introduction
Previously, evidence suggests that transcranial direct current stimulation (tDCS) can preserve
vigilance performance for up to 6 hours. However, the stimulation paradigm utilized in these studies
may not be optimal. For example, Cuypers, et al. (2013) found there may be more pronounced
performance effects at lower tDCS intensities. The goal was to elucidate these effects and attempt to
uncover biomarkers that correlate with performance.
Objectives
The purpose of this effort was to 1) quantify the effects of transcranial direct current stimulation (tDCS)
intensity on vigilance performance, 2) measure the duration of tDCS after effects on vigilance, and 3)
survey changes in biomarkers found in breath and establish correlations between biomarkers and
tDCS intensity and vigilance performance.
Patients & Methods
A within subjects experimental design was utilized with factor “stimulation intensity level” tested at 6
levels. The levels included tDCS at: 1) 0.5 mA, 2) 1 mA, 3) 1.5 mA, 4) 2 mA, 5) Sham, and 6) no
electrodes/stimulation applied for 30 minutes. Participants performed a vigilance test during each visit.
On each visit, they arrived at 0800 and performed the vigilance task while receiving one of the 6
randomized tDCS treatments. They provided breath samples before and after the test. Participants
returned at 1600 for follow-up testing (no tDCS) and provided another breath sample.
Results
A one-way ANOVA revealed there was a significant effect of tDCS intensity on vigilance target
detection accuracy (p<0.05). Post-hoc t-tests showed that accuracy was greater at 2mA when
compared to the other intensity levels. There were no significant differences in accuracy between
tDCS intensity levels during the follow-up test. Concentrations of a substance in breath known as 1proponol was found to be significantly lower at 2mA when compared to sham tDCS.
Conclusions
The evidence suggests tDCS applied at 2 mA significantly improves vigilance performance. However,
this effect is completely gone 8 hours later. This supports previous evidence suggesting the effect of
tDCS on vigilance is approximately 6 hours. Additionally, a protein in breath was discovered whose
concentrations correlate with performance and tDCS intensity. Hence, this could be a biomarker
capable of monitoring operator vigilance state.
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The effect of transcranial alternating current stimulation on probabilistic learning
*Z. Zavecz1,2, K. Horváth1,2, O. Pesthy1, N. Éltető1, K. Janacsek1,2, D. Nemeth1,2
1Eötvös Loránd University, Budapest, Hungary
2Hungarian Academy of Sciences, Budapest, Hungary
Probabilistic learning is a fundamental mechanism of the brain, which extracts and represents
regularities of our environment enabling predictive processing during perception and acquisition of
perceptual, motor, cognitive, and social skills. Previous studies showed that the frontal cortex and
frontostriatal networks play a critical role during probabilistic learning. Also there is evidence that the
functional connectivity between the frontal cortex and posterior brain areas was related to the
performance in this fundamental learning mechanism, especially in theta (4-8 Hz) frequency: weaker
connectivity between these brain areas was associated with better learning. However, the direction of
causality remains unclear. To address this question we aimed to induce theta frequency oscillations of
the frontal cortex to test if that enhances probabilistic learning.
We used the Alternating Serial Reaction Time (ASRT) task to measure probabilistic learning. Twenty
healthy young adults participated in our study in within subject design. They completed three sessions
of the learning task in three conditions, one week apart from each other. During the first twenty
minutes of the task they received 1mA transcranial Alternating Current Stimulation (tACS) with theta or
alpha frequency, or sham stimulation bifrontally (F3, F4). All participants underwent all three types of
stimulation. The order of the conditions was counterbalanced between participants.
Our study demonstrates the role of the prefrontal cortex in probabilistic learning, and also clarifies the
causal relations between brain activity and learning performance.
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An EEG-TMS study investigating the oscillatory signatures underlying the time course of
reflexive visuospatial attention
*M.- M. Ahrens1, D. Veniero1, M. Harvey2, G. Thut1
1University of Glasgow, Institute of Neuroscience and Psychology, Glasgow, Great Britain
2University of Glasgow, School of Psychology, Glasgow, Great Britain
Question
Oscillatory brain activity in specific frequency bands has been related to cognitive processes such as
attention (Foxe & Snyder (2011) Front Psychology 2:154). While in the domain of endogenous topdown control of visuospatial attention, occipito-parietal oscillations in the alpha band have been
causally implicated (Romei V. et al. (2010) Journal of Neurosci. 30(25):8692-8697), the oscillatory
signatures underlying reflexively driven orienting of spatial attention and its time course remain
unclear. In this study, we employed electrophysiology (EEG) and concurrent single pulse transcranial
magnetic stimulation (TMS) during a cued visuospatial detection task, known to induce reflexive shifts
of attention and inhibition-of-return (IOR).
Methods
Participants (n=13) performed an exogenously cued dot detection task while the time course of the
IOR was measured at four different cue-target delays (from 105.8-705.8ms). The cue consisted of a
brief flash in the left or right visual field and was task-irrelevant and uninformative as to forthcoming
target location. In one quarter of the trials a single pulse TMS was delivered over the right intraparietal
sulcus (IPS) at the longest cue-target delay (705.8ms) whilst changes in brain activity were measured
with EEG.
Results
The behavioural analysis revealed significantly faster reaction times to targets at cued relative to
uncued positions at the early cue-target delay, which reversed to significantly faster reaction times to
uncued relative to cued positions (i.e, an IOR) at the later cue-target delays. Ongoing analyses of the
EEG measurements focuses on identifying the key frequency bands implicated in reflexive shifts of
attention in TMS-free trials, complemented by analyses of the oscillatory response to single-pulse
TMS over the right parietal cortex at the maximal time of IOR.
Conclusions
Our behavioural findings reveal that our experimental manipulation induced a reflexive shift of
attention as expected, allowing us to examine the EEG/TMS-EEG data for underlying oscillatory brain
activities.
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Transcranial alternating current stimulation with sawtooth waves: simultaneous stimulation
and EEG recording
*J. Dowsett1, C. Herrmann2, P. Taylor1
1Ludwig Maximilian University of Munich, German Center for Vertigo and Balance Disorders, Klinikum
Grosshadern, München, Germany
2University of Oldenburg, Experimental Psychology Lab, Oldenburg, Germany
Question
Transcranial alternating current stimulation (tACS) has until now mostly been administered as a
sinusoidal wave. As tACS is a relatively new technique there is a huge parameter space of unexplored
possibilities which may prove superior or complimentary to the traditional sinusoidal waveform.
Evidence from animal models suggests that the gradient and direction of an electric current are
important factors for the subsequent neural firing rate; we compared positive and negative ramp
sawtooth waves to test this using a novel method for simultaneous EEG and tACS.
Methods
An advantage of sawtooth waves is that the resulting artefact in the EEG recording is significantly
simpler to remove than a sine wave as we can clearly see whether a residual artefact remains by the
distinctive harmonics which can be seen when the cleaned data is viewed in the frequency domain. As
such we can be sure the artefact has been successfully removed and are able to both observe alpha
oscillations and recover event related potentials (ERPs) during stimulation.
Results
We have found that positive ramp sawtooth, but not negative ramp, significantly enhances alpha
power during stimulation, demonstrating that current direction and gradient are important factors in
tACS. In addition, we are able to gradually ramp up the intensity of the current and observe the point
at which the tACS starts to modulate visually evoked ERPs.
Conclusions
The ability to observe on-going EEG activity is likely to significantly increase the usefulness of tACS in
future research. A current limitation for all transcranial electrical stimulation is the inter-subject
variation in effects due to differences in skull thickness, cerebrospinal fluid etc. Modulation of ERPs
during tACS is an objective measure of the effect of the stimulation online, much like the motor evoked
potential used for TMS research, which can be used to determine individualised current intensities and
to test the effect of different electrode montages. This also opens up the possibility of real time
feedback systems which can modulate neural oscillations. In addition, the fact that the effect of
positive and negative ramp sawtooth waves is different, but the frequency, current density and skin
sensations are identical, means this could serve as a better control condition in future studies.
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Does current strength interact with baseline performance to influence tDCS outcome? A
replication study.
*G. Learmonth1, C. Benwell1, G. Thut1, M. Harvey1
1University of Glasgow, Glasgow, Great Britain
Introduction
TDCS studies have recently faced strong criticism for exhibiting both a large intra- and inter-subject
response variability and a low reproducibility of effects. We here attempt to replicate one of our own
recent studies. In this study, we found a rightward shift of spatial attention bias, relative to a leftward
(“pseudoneglect”) bias at baseline (as indexed by the landmark task) using a bi-hemispheric montage
(P5-aTCS/P6-cTDCS, Dual tDCS) to affect the balance of activity between the left versus right
posterior parietal cortices (PPCs). This effect was overall weak (near significant trend in 40
participants), but displayed a complex, non-linear interaction between current strength and baseline
task performance, indicating inter-individual variability in sensitivity to tDCS according to baseline state
and intensity.
Objectives
Using a within-subjects design (vs between-subjects in our previous study) to further test and replicate
baseline state- and intensity-dependency of tDCS outcome.
Methods
20 adults received 1mA & 2mA Dual, and Sham tDCS, counterbalanced across different days. In each
session, 6 blocks of the landmark task were completed (2 pre-tDCS, 2 during-tDCS and 2 post-tDCS).
Dual tDCS was applied for 15 min (Sham = 30s). Subjects were divided into good/poor baseline
performance groups.
Results
We found no overall effects of tDCS on landmark task performance, nor any interaction with the
factors baseline state or tDCS intensity. Our data are however not fully conclusive as there are grouplevel spatial bias differences at baseline between the 3 testing sessions that may confound the results
(and were not present in our previous study). Further recordings are needed to resolve this point (that
we hope to present at the conference).
Conclusion
We believe more replication studies (within- or across participants) are needed to establish
reproducibility of tDCS effects.
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Suprasegmental effects of dorsal transcutaneous spinal Direct Current Stimulation (tsDCS) on
the Ia-motoneuron connections
*F. Cortese1,2, M. Vergari1, R. Ferrucci1,3, M. Nigro1, F. Ruggiero1, F. Cogiamanian1, G. Ardolino1, T.
Bocci1,4, S. Barbieri1, A. Priori1,3,5
1Fondazione IRCCS Ca' Granda Ospedale Maggiore Pol., Milano, Italy
2Sapienza Università di Roma, Medico-Surgical Sciences and Biotechnologies, Latina, Italy
3Università di Milano, Milano, Italy
4Università di Pisa, Clinical and Experimental Medicine, Pisa, Italy
5III Clinica Neurologica Polo Ospedaliero San Paolo, Milano, Italy
Introduction
tsDCSis a novel non-invasive tool to modulate human spinal cord function (Cogiamanian et al. 2008).
Anodal tsDCS is known to reduce the post activaction depression of the H reflex in the lower limb
(Winkler et al, 2010), and to induce a leftward shift of the stimulus-response curve of the H reflex, with
no effect on H max/M max ratio (Lamy et al, 2012). No data are available about the effects of tsDCS
on the upper limb H reflex.
Objectives
To assess whether dorsal tsDCS modulates the cervical Ia-motoneuron connections, we tested the
influence of tsDCS on the H reflex in the human upper limb.
Materials and Methods
tsDCS (2 mA, 20min) was delivered in 12 healthy volunteers (aged 22-50 yrs, 4 males) through a pair
of surface electrodes placed over the spinous processes of T10-12 and above the right shoulder. The
H reflex was elicited stimulating the median nerve at the elbow and recording the response with
surface electrodes placed over the flexor carpi radialis muscle. Each subject underwent anodal and
cathodal tsDCS in random order. H reflex was recorded i) before tsDCS (T0); ii) 5 (T1), 10 (T2), 15
(T3) minutes after tsDCS onset; iii) immediately after tsDCS offset (T4). The H reflex size is expressed
as percentage of baseline amplitude (=100%). Values are mean ± SE.
Results
The two way ANOVA disclosed a significant “time” x “stimulation” interaction on the percentage
change of H reflex amplitude. Post-hoc analysis revealed that anodal tsDCS significantly reduced the
H reflex amplitude at T3 (78.3±8.2%; p= 0,040) and at T4 (76.3±7.6%; p=0.028), whereas cathodal
tsDCS significantly increased the H reflex amplitude only at T1 (125.5±11.0%; p=0.018).
Conclusion
Dorsal tsDCS influences human cervical mono/oligosynaptic Ia-motoneuronal reflex in a polarity
specific manner. Because the temporal dynamic of tsDCS-elicited H reflex changes differed between
the two polarities, anodal and cathodal tsDCS might have different --not simply specular-- mechanisms
of action.
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Non-invasive brain stimulation is safe in children: Evidence from 2.5 million stimulations
*E. Zewdie1, P. Ciechanski1, F. MacMaster1, T. Seeger1, O. Damji1, J. Keess1, T. Rajapakse 1, J.
Yang2, J. Hodge1, Z. Jadavji1, K. Barlow1, A. Kirton1
1University of Calgary, Calgary, Canada
2University of Alberta, Edmonton, Canada
Introduction
Non-invasive brain stimulation can interrogate neurophysiology and therapeutically modulate brain
function. Transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS)
are the primary modalities. Despite such potential, experience in the developing brain has been
limited.
Objective
Assess safety and tolerability of non-invasive brain stimulation in children.
Methods
Our academic pediatric center established a non-invasive brain stimulation laboratory for children in
2008. Multi-disciplinary neurophysiological studies included single- and paired-pulse TMS methods.
Therapeutic clinical trials used repetitive TMS (rTMS) and anodal/cathodal motor cortex tDCS.
Prospectively collected safety and tolerability data on all subjects included a previously developed
pediatric TMS safety and tolerability measure, child and parental interviews, and data safety and
monitoring boards.
Results
From 2008-2016, 282 children underwent brain stimulation (median 11.2 years, range 0.7-18). Most
common were perinatal stroke/cerebral palsy (70), mild traumatic brain injury (TBI, 68), or typically
developing (53). There were no serious adverse events. Tolerability between TMS (402,680
stimulations) and rTMS (2.1million stimulations) was comparable and rated similar to a long car ride.
Although >100 had brain injuries and/or epilepsy, no seizures occurred. Headache following a TMS
neurophysiology protocol was more common in perinatal stroke (40%) than typically developing (13%)
participants but was mild and self-limiting. Mild neck pain with was relatively common but comparable
between perinatal stroke (22%), depression (19%), and TBI (19%). Tolerability improved over time
with rates of headache, neck pain, and unpleasant tingling decreasing by >50% at repeat testing. One
adolescent with depression withdrew from a high-frequency rTMS trial for discomfort. Of 51 children
receiving tDCS, scalp itching in 55% was mild, transient, and comparable to sham with no drop-outs.
Neither low frequency rTMS nor cathodal tDCS of the non-lesioned hemisphere decreased function of
either hand in children with hemiparetic cerebral palsy.
Conclusions
Brain stimulation is safe and well tolerated in children. Applications in the developing brain should be
advanced.
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tACS frequency dependent changes in corticospinal excitability revealed using TMS mapping
*M. van de Ruit1, C. McAllister2, M. Grey2
1Delft University of Technology, Biomechanical Engineering, Delft, Netherlands
2University of Birmingham, School of Sport, Exercise and Rehabilitation Sciences, Birmingham, Great
Britain
Transcranial alternating current stimulation (tACS) has been suggested to entrain neuronal oscillations
leading to changes in motor behaviour and corticospinal excitability (CSE). Reports characterising the
effect of tACS on CSE are equivocal despite tACS after-effects being ascribed to changes in synaptic
plasticity. All studies to date assessing tACS-induced CSE have used single pulse TMS at a single
intensity. However, this method might not reveal shifts in the corticospinal representation or unequal
expansion of the cortical representation. The present study aimed to investigate the effect of tACS on
CSE using TMS maps, with a stimulation frequency within (20 Hz) and outside (140 Hz) the traditional
beta band for the motor system.
Eleven participants visited the lab on three separate occasions to receive 10 min of sham stimulation
or tACS at 1 mA and either 20 or 140 Hz. Stimulating electrodes (4x4 cm) were placed over the motor
representation of the first dorsal interosseous (FDI) muscle and contralateral orbit. A novel rapid TMS
mapping method was employed to assess the FDI motor representation before and 10-35 min after
tACS. The difference in TMS map area and centre of gravity (COG) before and after stimulation were
analysed.
On average, map area increased after 140 Hz and decreased after 20 Hz tACS. A repeated measures
ANOVA revealed no significant effect for either FREQUENCY (P = 0.07), TIME (P = 0.86) or a
FREQUENCY´TIME interaction (P = 0.34). Based on variability in the baseline measures we identified
five participants with increased map area following 140 Hz tACS, whilst following 20 Hz tACS map
area decreased for three participants. On average COG was displaced 5 ± 3 mm in the post maps
compared to the baseline map. However, COG were not systematically displaced in either the x
(xDisp: FREQUENCY: P = 0.38, TIME: P = 0.83, FREQUENCY´TIME: P = 0.83) or y direction (yDisp:
FREQUENCY: P = 0.23, TIME: P = 0.97, FREQUENCY´TIME: P = 0.94)
In conclusion, no main effect of tACS was found on CSE using TMS mapping. Nonetheless, these pilot
data suggest that 10 min of 20 Hz stimulation may inhibit excitability and 140 Hz stimulation may
facilitate excitability, in line with our hypothesis. This effect is masked by significant variability in the
response with only a third to a half of the participants showing a changes in CSE following tACS,
which is in line with reports for tDCS.
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Effects of transcranial direct current stimulation (tDCS) on cognitive activity
*A. Ashikhmin1, A. Shishelova1,2,3, R. Aliev1,4,5
1Moscow Institute of Physics and Technology, Dolgoprudny, Russian Federation
2Pirogov Russian National Research Medical University, Moscow, Russian Federation
3Institute of Higher Nervous Activity and Neurophysiology, Moscow, Russian Federation
4Institute of Theoretical and Experimental Biophysics RAS, Puschino, Russian Federation
5Federal Scientific and Clinical Center for Federal Biomedical Agency of Russia, Moscow, Russian
Federation
Transcranial direct current stimulation (tDCS) is known to modulate neuronal network activity thus
affecting cognitive performance. tDCS has demonstrated prolonged effects, reflecting plastic
processes in the brain (Nitsche and Paulus, 2001). We investigated an influence of tDCS on EEG
waves, cognitive performance and activation of regulation mechanisms in autonomic nervous system.
Eight healthy male volunteers underwent anodal/cathodal and sham stimulation on separate days in a
single blind crossover trial. tDCS was applied for 10 minutes at 1.5 mA current with an active electrode
over T3 area and a passive electrode over A2 lead. EEG and heart rate variability were recorded
during a two-minute interval of eyes-closed/eyes-opened background state before and after
stimulation, during a cognitive load (a letter cancelation and an arithmetic test) and during a
background state at the end of the experiment. Before the experiment volunteers have passed tapping
test to assess Pavlovian nervous system properties.
We found that an anodal stimulation provoked an increase in cognitive performance in 87% cases,
while the cathodal one showed a slight decrease in 38% cases; other probes demonstrated an
opposite effect. We found subject-depended changes in frequency band power after tDCS. Generally,
anodal stimulation increased power of all bands, while cathodal one had an opposite effect (Figure 1).
The maximum effects were observed at T3/T4, F3 and O2 leads. We found correlations between the
balance of the strength of excitation and inhibition in the nervous system and the changes of theta and
beta power after cathodal stimulation. We observed an increase in beta activity across well-balanced
individuals while solving cognitive tasks after the cathodal stimulation.
Consequently, tDCS affects cognitive and regulatory activity of the brain. Effects depend on the
polarity of the active electrode. Anodal stimulation mostly increases cortical electrical activity in
temporal and left prefrontal areas. The effect entails an increase in cognitive performance and a
reorganization in control of autonomic nervous system which is responsible for activation of behavioral
physiological resources. Effects of cathodal stimulation depend on individual balance of the strength of
excitation and inhibition in the brain.
Figure 1
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Transcranial direct current stimulation improves sleep quality
*F. Ruggiero1, M. Nigro1, R. Ferrucci1,2, M. Vergari1, A. Ariodante1, A. Monti1, F. Cortese1, T. Bocci1, S.
Barbieri1, A. Priori1,2,3
1Fondazione Irccs Ospedale Maggiore Policlinico, Milano, Italy
2Università Degli Studi Di Milano, Milano, Italy
3III Clinica Neurologica Polo Ospedaliero San Paolo, Milano, Italy
Introduction
Sleep disturbance has been recognized as a common and significant complication linked to decreased
quality of life in patients with neuropsychiatric disease. Currently, pharmacological therapy is the most
common treatment for sleep disturbance, although benefits tend to be limited.
Objective
We assessed whether transcranial direct current stimulation (tDCS) improves sleep quality in patients
with neurological and psychiatric diseases.
Materials & Methods
26 neuropsychiatric patients (age 19-86, n=2 stroke, n=4 dysphagia, n=3 pain, n=8 hereditary spastic
paraparesis, n=4 Parkinson’s disease, n=2 aphasia, n=3 depression) underwent tDCS treatment.
tDCS montage was different for each pathology. The intensity of stimulation was set at 2 mA and
delivered for 20 minutes for 5 consecutive days. The Pittsburgh Sleep Quality Index (PSQI) [1] was
used to assess sleep quality at baseline (T0) and after the tDCS treatment (T1).
Results
One way ANOVA analysis showed that anodal tDCS improved PSQI total score by 13% [(mean ± SD)
T0: 6.3 ± 4 vs T1: 5 ± 3.6; p= 0.004] and PSQI sub-item scores subjective quality of sleep by 22% (T0:
1.1 ± 0.7 vs T1: 0.92 ± 0.68; p= 0.016) and habitual sleep efficiency by 17% (T0: 0.31 ± 0.67 vs T1:
0.04 ± 0.19 p= 0.031). No differences were found between pathology.
Conclusion
Despite the small sample size and different tDCS montages, data from our observational study
showed that anodal tDCS for five days improved sleep quality and efficiency. tDCS could be a noninvasive and valuable new tool for managing sleep disorders.
References
[1] Psychiatry Res. 1989 May;28(2):193-213. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR,
Kupfer DJ.
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Individual transcranial alternating current stimulation (tACS) within the beta range during
verbal working memory
*S. Weiss1,2, L. S. Balduin1,2, H. M. Müller1,2
1Bielefeld University, Experimental Neurolinguistics Group, Bielefeld, Germany
2Excellence Cluster "Cognitive Interaction Technology" (CITEC), Bielefeld, Germany
Introduction
Beta band brain oscillations (13-30 Hz) correlate with cognitive manipulations during language
processing [1]. In particular, they are associated with the active maintenance of stimuli in verbal
working memory [2]. Therefore, beta oscillations are suited for tACS during verbal memory encoding.
Objectives
We examined whether 18 Hz tACS stimulation modulates verbal WM performance in a healthy
participant. We did this single-case study since most tACS results are based on group studies and we
want to test tACS in individual patients with disturbances of verbal WM.
Materials & Methods
A right-handed female (27 y) had to memorize 600 visually presented concrete words (150 nouns, 150
verbs; randomly presented two times) and do subsequent free recall. tACS in the beta (18 Hz) and
alpha (9Hz) band as well as a sham stimulation was applied in a double-blind multiple treatment
design (ABCBCA) on 6 different days with at least 24 hours between sessions. tACS-intensity was 350
µA (below individual phosphene and discomfort threshold). 20 min stimulation was applied at left
temporo-parietal and right fronto-central sites.
Results
A significant difference between the stimulation and sham condition (Pearson χ2= 12.0, p= .03, twotailed) was found which differed for nouns and verbs. During beta stimulation the participant showed a
48% increase of recalled nouns (8% for verbs), during alpha stimulation a 28% (26 % for verbs) and
during sham a 20% (36% for verbs) increase. Overall error rate was higher for verbs (Pearson χ2=
11.73, p=.008, two-tailed). The influence of beta vs. alpha stimulation could not be reliably
distinguished with the current protocol.
Conclusion
Although, beta oscillations are important for linking past and present input into a coherent
representation of memorized contents [2, 3], no significant difference was found between alpha and
beta stimulation. The word category difference is in accordance with previous findings [4] who
revealed better performance for verb versus noun processing when stimulating left frontal in contrast
to temporal areas.
References
[1] Weiss, S & Müller, HM (2012). Front Psychol 3(201): 1-15.
[2] Weiss, S & Rappelsberger, P (2000). Cog Brain Res 9: 299-312.
[3] Kopell, N, Whittington, MA et al. (2011). Proc Natl Acad Sci U S A 108: 3779-3784.
[4] Fiori, V, Cipollari, S et al. (2013). Front Hum Neurosci 7:227-246.
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Prefrontal transcranial direct current stimulation induces polarity-specific changes in resting
state electroencephalographic gamma activity
*P. Selhausen1, L. Frase1, H. Piosczyk1, F. Jahn1, L. Krone1, S. Zittel1, B. Feige1, D. Riemann1, M.
Nitsche2, C. Nissen1
1University Medical Center Freiburg, Department of Psychiatry and Psychotherapy, Freiburg, Germany
2University of Göttingen, Department of Clinical Neurophysiology, Göttingen, Germany
Question
The mechanisms underlying transcranial direct current stimulation (tDCS) induced changes of cortical
excitability and arousal remain to be fully characterized. In the context of our larger study on the
effects of bifrontal tDCS on overnight sleep, we analyzed tDCS-modulated resting state wake EEG
data for a better understanding of tDCS’s effects on cortical arousal during wakefulness.
Methods
We applied a standardized tDCS protocol (1 mA/electrode, 2 x 9 min cathodal, 2 x 13 min anodal, 2 x
11 min sham, with 20 min inter-stimulation interval each) prior to nighttime sleep bilaterally to the
prefrontal cortex (electrodes 5 x 7 cm, FP1/FP2; return electrodes 10 x 10 cm, P3/P4 ) of 19 healthy
subjects in a randomized crossover design. We conducted 5 min resting state wake EEGs prior to
stimulation (T0), after the stimulation (T1) and on the following morning (T2). In a first step of analysis
for EEG power differences between conditions at a single frequency, we calculated false discovery
rate (FDR) corrected significances, using the Benjamini-Hochberg step-up procedure to assess the
significance of the multiple tests. In a second exploratory step, we used uncorrected ANOVAs to
further explore tDCS effects on EEG power spectra.
Results
The FDR-corrected approach did not reveal any significant condition effect. ANOVAs comparing T1
vs. T0 demonstrated a significant decrease in EEG gamma power after cathodal stimulation. A
significant main effect for the factor Condition was observed for frequencies of the gamma range.
ANOVAs comparing T2 vs. T0 demonstrated a significant increase in EEG gamma power after anodal
stimulation and also a significant main effect for the factor Condition for frequencies of the gamma
band.
Conclusions
Exploratory resting state EEG analyses suggested polarity-specific changes in cortical arousal as
indexed by resting state EEG power in the gamma frequency range. Cortical gamma activity is
considered to emerge from synchronous activity of fast-spiking inhibitory neurons in the cortex and
has been linked to the integration of temporally correlated neural events as a prerequisite for attentive
wakefulness. It is plausible that depolarization of cortical structures after anodal stimulation facilitates
fast-spiking and EEG gamma activity, with reverse effects after cathodal stimulation.
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Individual differences in parietal theta frequency drive spatial working memory capacity
*V. Romei1, N. Cooper1, P. Sauseng2, N. Wolinski1
1University of Essex, Psychology, Colchester, Great Britain
2Ludwig-Maximilians-Universität München, Psychology, Munich, Germany
The speed of fronto-parietal theta oscillatory activity is thought to play a key role in determining
working memory (WM) capacity. Individual differences in the length of a theta cycle (ranging between
4Hz and 7Hz) might act as an envelope for nested gamma cycles (> 30Hz). This would provide the
fundamental neurophysiological mechanism for working memory storage accounting for individual
differences in the maximum number of items (number of gamma cycles) retained in the working
memory buffer (one theta cycle). Accordingly, it would be expected that slower theta frequencies bind
a higher number of gamma cycles per memory buffer resulting in increased memory capacity.
Conversely, faster theta frequencies would bind a comparatively smaller number of nested gamma
cycles, corresponding to decreased memory capacity.
We directly tested this hypothesis by means of right parietal transcranial Alternating Current
Stimulation (tACS). Specifically, we tested for the impact of down-regulation (4Hz tACS) and upregulation (7Hz tACS) of theta oscillations in a spatial WM paradigm. To this aim eleven participants
underwent 4Hz, 7Hz and sham stimulation while performing a variation of the Sternberg task.
In line with our hypotheses, results showed that down-regulation of right parietal theta by 4Hz tACS
enhanced WM capacity while up-regulation of right parietal theta frequency by 7Hz tACS reduced WM
capacity compared to sham stimulation. These effects were found only for items presented to the left
hemifield, i.e. contralateral to the stimulation site, thus providing causal evidence for frequency and
spatially tuned WM capacity organization.
In conclusion, we provide the first causal evidence that inducing slower parietal theta frequency
activity results in higher working memory capacity, while inducing faster parietal theta frequency
activity results in reduced working memory capacity, in line with the theta-gamma phase coupling
theory of WM capacity.
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Counteracting implicit conflicts by cathodal tDCS to the prefrontal cortex
*P. Schroeder1,2, H.- C. Nuerk2, C. Plewnia1
1University of Tübingen, Dept. of Psychiatry and Psychotherapy, Tübingen, Germany
2University of Tübingen, Dept. of Psychology, Tübingen, Germany
The effects of transcranial direct current stimulation (tDCS) on cognitive functions are often conceived
as not reliable, inconsistent, or even contradictory. Here, we describe a novel tDCS effect in the
cognitive domain and characterize it in separate experiments with different participants and
modulations of instruction and task. The effect is based on the prefrontal involvement in the mental
representations of order: Small and first items are faster classified by left-hand responses in 2-AFC
classification tasks whereas large and last items are faster responded to by right-hand responses, an
automatic behavioral signature often described by the mental number line (MNL) metaphor.
Online administration of 1mA cathodal tDCS to the left prefrontal cortex alleviates the MNL effect in
magnitude and parity judgment, thus substantiating a prefrontal involvement for linking numbers with
space and producing implicit distractions in these tasks. In contrast, explicit conflicts based on visuospatial distraction remain unaffected. This dissociation is polarity-specific and unrelated to functional
magnitude processing as classified by a regular numerical distance effect during the stimulation.
Separate experiments replicate the neuromodulation effect and characterize the critical interaction of
brain stimulation and neurocognitive functions.
Our results corroborate current theoretical conceptualizations of order and spatial-numerical
processing. Regarding tDCS, we demonstrate the replicability of polarity-specific cognitive
neuromodulations with this novel effect and discuss its possible limitations. Further, it appears that
tDCS effects are highly susceptible of task demands and emerge dependent on preceding (implicit)
activations. Outlining the generalizations and limitations of neuromodulation effects in a systematic
way can enhance the understanding of tDCS in the cognitive domain and facilitate targeted
applications in respective populations. Finally, the neuromodulation of implicit MNL conflicts
demonstrate how the emergence of dysfunctional cognition can be blocked by cathodal tDCS.
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Transcranial modulation of visually induced gamma power: a concurrent TACS-MEG study
J. D. Herring1, S. Esterer1,2, T. R. Marshall1, O. Jensen1,3, *T. O. Bergmann4,1
1Radboud University Nijmegen, Donders Institute for Brain, Cognition and Behaviour, Nijmegen,
Germany
2School of Psychology, Cardiff University, Cardiff, Great Britain
3University of Amsterdam, Swammerdam Institute for Life Sciences, Center for Neuroscience,
Amsterdam, Netherlands
4Eberhard Karls Universität Tübingen, Department of Neurology & Stroke, and Hertie Institute for
Clinical Brain Research, Tübingen, Germany
Introduction
Alpha oscillations (8-12 Hz) are proposed to mediate ‘attentional gating’ by suppressing neuronal
processing in task-irrelevant sensory regions, reflected by ‘pulsed-inhibition’ of stimulus-induced
gamma-band activity (40-100 Hz). Concurrent TACS-MEG has the potential to reveal TACS
entrainment of alpha oscillations at the stimulation site and thus their causal impact on neuronal
activity representing stimulus processing.
Objectives
We aimed to provide evidence that TACS can entrain the phase of alpha oscillations in the visual
cortex by assessing its modulatory impact on the power of visual stimulus-induced gamma oscillations
via simultaneous MEG recordings.
Materials & Methods
TACS was applied during MEG in intermingled 5.4s trials either in Oz-Cz or FPz-Cz montage.
Montage and stimulation frequency were randomized across trials, applying either individual alpha
frequency (IAF), IAF-4Hz, IAF+4Hz, or no stimulation, resulting in a 2 (Montage) x 3 (Frequency)
design plus a ‘NoStim’ condition. Stimulation intensity for both montages was adjusted separately to
95% retinal phosphene threshold. Participants performed a simple visual detection task, attending an
inward moving grating, known to induce strong occipital gamma responses. TACS artifacts were
reduced via regression methods, LCMV beamformer time-course extraction from the visual cortex, and
high-pass filtering. Importantly, the gamma frequency of interest (~50-60 Hz) was largely unaffected
by TACS artifacts. We compared TACS-to-gamma phase-power coupling (PAC) for the respective
experimental conditions.
Results
We found a rhythmic modulation of stimulus-induced gamma power by TACS at IAF (i.e., TACSgamma phase-amplitude coupling) for the Oz-Cz montage, but not for the FPz-Cz montage which was
introduced to control for subthreshold retinal entrainment effects.
Conclusion
Our findings (i) demonstrate that concurrent TACS-MEG can principally be used to study crossfrequency-coupling between transcranially entrained slower and spontaneous or stimulus-related
faster oscillations, (ii) cannot merely result from subthreshold retinal entrainment, and (iii) suggest that
alpha oscillations are indeed a possible means for top-down suppression of bottom-up sensory
processing.
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Cerebellar direct current stimulation modulates pain perception in humans
*T. Bocci1,2, R. Ferrucci2, L. Parenti1, D. Barloscio1, M. Vergari2, F. Cortese2, A. Priori2,3, M. Valeriani4,
F. Sartucci1,5
1Cisanello Neurology Unit, Department of Clinical and Experimental Medicine, Pisa, Italy
2Fondazione IRCCS Cà Granda, Ospedale Maggiore Policlinico, Milan, Italy
3III Clinica Neurologica, Polo Ospedaliero San Paolo, Milan, Italy
4Division of Neurology, Ospedale Bambino Gesu`, Rome, Italy
5CNR Neuroscience Institute, Pisa, Italy
Question
The cerebellum is involved in a wide number of integrative functions, but its role in pain perception and
nociceptive processing is poorly understood. We evaluated the effects of transcranial cerebellar direct
current stimulation (tcDCS) by studying the changes in perceptive threshold (PT), pain intensity (VAS)
and laser evoked potentials (LEPs) variables (amplitude and latency of both N1 and N2/P2
responses).
Methods
Fifteen subjects were studied before and after anodal, cathodal and sham tcDCS. LEPs were obtained
using a Nd:YAP laser (wavelength 1.04 µm, pulse 164 duration 2-20 ms, maximum energy 7 J). The
laser beam was transmitted from the generator to the stimulating probe via a 10m length optical fibre;
signals were then amplified, band pass filtered (0.1-200 Hz, time analysis 1000 ms). The dorsum of
the left hand was stimulated by laser pulses (individual variability: 3.89-15.75 J/cm2) with short
duration (5 ms) and small diameter spots (5 mm). VAS was evaluated by delivering laser pulses at two
different intensities, respectively two and three times the PT.
Results
Cathodal polarization dampened the PT and increased the VAS score, while the anodal one had
opposite effects (p
Conclusions
TcDCS modulates pain perception and its cortical correlates. As it is effective on N1 and N2/P2
components and these responses are generated by parallel and partially segregated spinal pathways
reaching different cortical targets, we speculate that the cerebellum modulates the activity of both
somatosensory and cingulate cortices, thus interfering with the sensory-discriminative and emotional
dimensions of pain. Present findings prompt investigation of the tsDCS as a novel, safe therapeutic
tool in chronic pain patients.
Figure 1
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Cerebellum and defensive behavior within the peripersonal space
*T. Bocci1,2, R. Ferrucci2, L. Parenti1, D. Barloscio1, M. Vergari2, F. Cortese2, A. Priori2,3, F. Sartucci1,4
1Cisanello Neurology Unit, Department of Clinical and Experimental Medicine, Pisa, Italy
2Fondazione IRCCS Cà Granda, Ospedale Maggiore Policlinico, Milan, Italy
3III Clinica Neurologica, Polo Ospedaliero San Paolo, Milan, Italy
4CNR Neuroscience Institute, Pisa, Italy
Question
The cerebellum is involved in a wide number of integrative functions, ranging from working memory
and associative learning to motor control; it also plays a role in the sensory-motor integration aimed at
antinociceptive behavior, as well as in salience-related affective and behavioral responses to
nociceptive stimulation. In healthy subjects we evaluated the role of cerebellum in defensive
responses, as assessed with the so-called hand blink reflex (HBR), by modulating cerebellar activity
with transcranial direct current stimulation (tDCS).
Methods
TDCS was applied using a pair of electrodes with a surface area of 25 cm 2. The active electrode was
centered on the median line 2 cm below the inion, with its lateral borders about 1 cm medially to the
mastoid apophysis, and the return one over the right shoulder. Direct current was applied for 20
minutes with an intensity of 1.5 mA. For the recording of HBR, electrical stimuli were delivered using a
surface bipolar electrode placed on the median nerve at the wrist and EMG activity was recorded from
the orbicularis oculi muscle, bilaterally, using pairs of surface electrodes with the active electrode over
the mid-lower eyelid and the reference electrode a few centimeters laterally to the outer canthus.
Depending on the hand position respective to the face, we explored four different conditions: “hand
far”, “hand near” (eyes open), “hand side”, “hand near” (eyes closed). EMG signals from each
participant were high-pass filtered (55 Hz), full-wave rectified, and averaged separately for the four
conditions at the ipsilateral and contralateral recording sides.
Results
While anodal stimulation had no significant effect, cathodal one dramatically dampened the magnitude
of the HBR, as measured by the area under the curve (AUC), when the stimulated hand was inside the
peripersonal space surrounding the face at eyes closed (p < 0.0001) or when it was placed laterally (p
= 0.004). Concurrently, HBR latency increased in both conditions “hand near” (eyes closed) and “hand
side” (p = 0.002 and 0.023, respectively).
Conclusions
These results support a critical role of the cerebellum in the defensive responses within the
peripersonal space, thus modulating defensive behavior even when the visuomotor feedback is
lacking.
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Investigating the role of the parietal and prefrontal cortices in spatial working memory using
transcranial direct current stimulation
*A.- H. Javadi1, Z. Assassi2
1University of Kent, School of Psychology, Canterbury, Great Britain
2University College London, Department of Experimental Psychology, London, Great Britain
Question
Working memory involves the temporary storage, processing, and manipulation of information.
Previous studies have suggested that the posterior parietal cortex (PPC), and dorsolateral prefrontal
cortex (DLPFC) are involved in spatial working memory, and spatial and object working memory,
respectively. The aim of the present pilot study was to investigate whether modulation of the activity of
the left PPC and the left DLPFC changes spatial, and object working memory performance.
Transcranial direct current stimulation (tDCS) was used for this purpose. Based on past literature we
expected to see improvement of both spatial and object working memory after tDCS of the left DLPFC
as well as improvement of spatial working memory after tDCS of the left PPC.
Methods
Participants (n = 12) attended three experimental sessions with different stimulation conditions. Fifteen
minutes of 1.5 mA anodal tDCS was applied over either the left PPC, left DLPFC or occipital lobe as
control condition, beginning five minutes before the task. Participants were required to perform a 2back spatial and object working memory task; i.e., they were required to pay attention to both objects
and their location. Abstract objects were presented on either of an eight locations placed on a virtual
circle around the centre of the screen. In addition to a 2-back object working memory task,
occasionally participants were asked to indicate the location of the object they saw two screens
previously. Performance in three different conditions was measured for analysis: (1) 2-back working
memory task for the cases in which both cue and target objects were presented in the same location
(OWM-same), (2) in different location (OWM-different) and (3) spatial working memory (SWM).
Results
Preliminary results showed that performance in the OWM-different condition was lower than OWMsame. There, however, was no significant different between different stimulation conditions.
Conclusions
These results suggest that anodal tDCS to the left PPC and left DLPFC might not be able to modulate
spatial, and object working memory performance. Further studies are needed to investigate the
differential role(s) of the DLPFC and PPC in spatial and working memory.
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Effect of transcranial direct current stimulation (tDCS) on sleep-dependent memory
consolidation in healthy young subjects
*A. Bueno-Lopez1,2, T. Eggert1,2, H. Dorn1,2, H. Danker-Hopfe1,2
1Kompetenzzentrum Schlafmedizin (CC15), CharitéCentrums Neurologie, Neurochirurgie und
Psychiatrie, Berlin, Germany
2Charité Universitätsmedizin, Berlin, Germany
Transcranial direct current stimulation (tDCS) is a method to stimulate the brain in a noninvasive
manner leading either to an increased (anodal stimulation) or a decreased (cathodal stimulation)
excitability of cortical neurons. Slow oscillations with a frequency below 1 Hz are assumed to be
associated with sleep-dependent consolidation of declarative memories by exerting a temporal
synchronizing influence on hippocampal reactivations and thalamic spindle activity. Many studies have
revealed that offline consolidation during sleep varies with age showing better performances in the
young compared to the elderly. A study in young subjects provided evidence of a beneficial impact of
an anodal slow oscillation tDCS (0.75 Hz) during early SWS-rich on declarative memory but not on
procedural memory. These results could not be confirmed in a study on elderly subjects (Eggert et al.
2013). The present study aims to replicate the results, which have been observed in younger subjects
(Marshal et al. 2006). To be able to test an effect of 0.65 with a power of 0.8 and a double-sided alpha
< 0.05 in 26 participants (13 males and 13 females) will be enrolled. Bi-frontal anodal stimulation (max.
current density: 0.331 mA/cm²) is triggered after the first 8 consecutive epochs of NREM sleep 2
immediately before the first occurrence of slow wave sleep. The total 25´8´´stimulation period is
divided into five 5´16´´ intervals, each of them followed by 1 minute break without stimulation. To test
for a stimulation-dependent effect on offline consolidation during sleep a declarative memory task
(word pair test) and a procedural memory task (finger-tapping) have to be completed before sleep and
after awakening. Furthermore, sleep stages were scored and EEG power and spindle densities were
computed. Statistical analysis was based upon comparisons between the tDCS and the sham
stimulation condition. Currently 18 subjects (10 males and 8 females) are already enrolled. First
results will be presented at the meeting.
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Withdrawal symptoms of electrical brain stimulation in a probabilistic decision making task
*A.- H. Javadi1
1University of Kent, School of Psychology, Canterbury, Great Britain
Question
It has been shown that transcranial electrical brain stimulation (TES) can improve many aspects of
cognition, including decision making and learning. However, it has not been studied whether brain is
capable of adapting itself to perform at least equally well without TES, after initially learning the task
under influence of TES. We used a probabilistic learning task to investigate this question.
Methods
Participants (n = 10) took part in two groups of active (n = 5) and sham (n = 5) transcranial direct
current stimulation (tDCS). Each participant attended two experimental sessions. In both sessions
participants were asked to perform a probabilistic decision making task. In this task participants
adapted to changes in reward contingencies. Participants were presented with two options of which
one of them was designated as the better one, leading to higher possibility of rewarding than
punishing feedback. Participants were asked to maximise their gain by choosing the better option. The
contingencies changed over the course of the trials. Consequently participants had to adjust to the
changes in the environment. In the first session, participants in the active and sham tDCS groups,
received 15 minutes and 16 seconds of anodal tDCS over their left dorsolateral prefrontal cortex,
respectively. For all participants sham stimulation was administered in the second session. Number of
rewards in both sessions was recorded and their difference was considered for analysis.
Results
Comparison of difference of acquired rewards between the two sessions showed that participants in
the active group tend to perform worse than those in the sham group.
Conclusions
This result shows that learning under the influence of TES leads to adaptation which induces changes
that might not be efficient without TES in a later phase. In more general terms, this result indicates that
learning a task under the influence of TES leads to creation of a model which might not be valid
anymore without TES.
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On the effect of tdcs on risk taking behaviour: a study using the balloons analogue risk task
*R. Russo1, D. Wallace1, P. Twyman1, N. Cooper1, P. Fitzgerald2
1University of Essex, Psychology, Colchester, Great Britain
2Monash University Central Clinical School and The Alfred, Monash University, Melbourne, Australia
Introduction and Objectives
Fecteau and colleagues (2007) used the Balloon Analogue Risk Task (BART) in a transcranial direct
current stimulation (tDCS) study to assess the extent to which the modulation of the activity of the
dorsolateral prefrontal cortex (DLPFC) affects risk taking behaviour. Three separate bilaterally
stimulated groups (right anodal/left cathodal; left anodal/right cathodal and sham) were tested under
double-blind conditions with the electrodes placed over the DLPFC. They found that in both active
stimulation groups (right anodal/left cathodal; left anodal/right cathodal), compared to sham,
upregulating the DLPFC diminished risk-taking behaviour. In a second experiment using unilateral
stimulation conditions where only right or left anodal stimulation was administered (referent electrode
over the contralateral supraorbital region), no significant effect. They concluded that increasing activity
in the DLPFC led participants to become more risk-averse. There are some potential caveats
regarding their findings: primarily the study lacked in statistical power (total n = 35).
Methods
To address the above issue we tried to replicate Fecteau et al. results closely mimicking their
procedure while increasing the number of people tested (over 200 participants in 2 experiments).
Results and Conclusions
Overall, we could not replicate Fecteau et al.’s results. In one neuromodulation condition (right
anodal/left cathodal), contrary to Fecteau et al. results, risk taking increased, however a closer look to
the data suggests that this increase is more apparent than real.
References
Fecteau S, Pascual-Leone A, Zald D, Liguori P, The´oret H, Boggio PS, Fregni F (2007) Activation of
prefrontal cortex by transcranial direct current stimulation reduces appetite for risk during ambiguous
decision making. J Neurosci 27:6212- 6218.
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Electroencephalographic effects of transcranial random noise stimulation of the temporal
cortex
*M. Schecklmann1, P. Kreuzer1, N. Gebel1, T. B. Poeppl1, B. Langguth1
1University of Regensburg, Department of Psychiatry and Psychotherapy, Regensburg, Germany
Question
Transcranial random noise stimulation (tRNS) is an innovative technique of non-invasive electrical
stimulation with a handful of publications most of them investigating processes of the motor system.
With respect to the auditory system only
limited evidence is available for modulation of auditory processing in healthy controls and patients with
chronic tinnitus. Here, we aimed to investigate the effects of tRNS over the auditory cortex on resting
state and evoked activity in healthy subjects.
Methods
We used EEG to measure tRNS induced changes in resting state activity and in auditory steady state
responses (ASSRs). Stimuli were 1000 Hz carrier frequency tones, amplitude modulated at 20 Hz and
40 Hz and applied in randomized order. Nineteen healthy subjects participated in a placebo-controlled
randomized design study. Each subject received 20 min of high-frequency, low-frequency, and sham
tRNS applied over auditory cortices with 2 mA, with a one week interval between the stimulation
sessions.
Results
Data analysis is done at the moment of abstract submission. Thus, we hypothesize that we will be able
to replicate previous findings that high-frequency tRNS will modulate the 40Hz ASSR amplitude and
the mean and variability of theta band power during resting state. Further analyses will aim at testing
differences in the effects of high- and low-frequency tRNS.
Conclusions
Our findings of tRNS effects for processes of the auditory system will be discussed with respect to
previous findings of tRNS effects on motor cortex excitability and to current concepts of tRNS
mechanisms such as increase of stochastic resonance.
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tDCS stimulation of the left Inferior Frontal Gyrus in a connected speech task with fluent
speakers
*N. Bashir1, P. Howell1
1University College London, Division of Psychology and Language Sciences, London, Great Britain
Question
Brocas area (left inferior frontal gyrus; LIFG) has a crucial role in the production of fluent speech,
being involved in the planning and coordination of speech processes. Brain stimulation via tDCS
modulates accuracy and vocal reaction times in speech tasks employing healthy and impaired
individuals. All/most previous studies have been limited as they use single words as stimuli, which is
atypical of fluent speech which entails strings of words. The current study examined whether applying
tDCS to the LIFG affected participants’ ability to articulate tongue twister sentences that are
demanding forms of connected speech.
Methods
Three groups with eight healthy individuals per group (mean age: 20.17; SD: 1.49) took part.
Participants repeated a list of 38 English tongue twisters as quickly and as accurately as possible
during three different stimulation conditions: 1) anodal tDCS (20 minutes, 2mA) over the left frontal
region centred on Broca’s area; 2) cathodal tDCS delivered over the same region; and 3) sham
stimulation. The tongue twisters were repeated on three occasions: an hour before, during and one
hour after the end of stimulation. Vocal reaction times, from stimulus offset to response offset, were
measured manually from oscillograms in all three stimulation conditions.
Results
Anodal stimulation led to significantly quicker vocal reaction times during stimulation compared to
sham stimulation at both participant and item levels. Furthermore, vocal reaction times in the post
stimulation anodal condition were quicker than sham, at trend levels for participant, and item, analysis.
The difference in vocal reaction times between anodal and cathodal stimulation approached
significance during stimulation and was significant post stimulation at the item level.
Conclusions
The results support and confirm that left frontal regions, particularly Broca’s area, are involved in fluent
production of speech and show that tDCS modulates speech timing. Since tDCS is a valid means of
modulating and investigating fluent connected speech control, it provides a foundation for future work
to explore the use of this procedure in articulatory disorders such as stuttering.
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tES effects on a visual orientation discrimination task: noise induction in a non-linear system.
*A. Zazio1,2, M. Bortoletto2, A. Fertonani2, C. Pirulli2, C. Miniussi2,3
1University of Milano-Bicocca, Department of Psychology, Milan, Italy
2IRCCS Centro San Giovanni di Dio Fatebenefratelli, Cognitive Neuroscience Section, Brescia, Italy
3University of Brescia, Neuroscience Section, Department of Clinical and Experimental Sciences,
Brescia, Italy
Recent studies have shown that the stimulation-dependent model is unable to account for the complex
experimental evidence observed when applying transcranial electrical stimulation (tES) outside the
motor cortex. An alternative model refers to the concept of stochastic resonance. It is based on the
assumption that the injected electric field in the brain is unspecific; therefore, it can be defined as
noise induction in a non-linear system (Miniussi et al., 2013). According to the model, the interaction
between the injected noise and the ongoing activity of the system (in terms of signal to noise ratio,
SNr) is a key factor in determining behavioral effects. The SNr in neural networks may change
depending on task demands; consequently, also the response of the system to brain stimulation is
expected to vary. However, up to now only few studies have considered elements which may affect
the state of the system, such as performance level and interindividual variability.
The present study aims to investigate whether the stochastic resonance framework can account for
behavioral outcomes when an excitatory type of tES is applied (Paulus 2011; Woods et al. 2016).
36 young healthy participants were asked to perform a visual orientation discrimination task while
receiving anodal transcranial direct current stimulation or high frequency transcranial random noise
stimulation (hf-tRNS) on the primary visual cortex. In Experiment 1 subjects were presented with a
large range of angular differences between the reference and the target stimulus. In Experiment 2 task
difficulty was manipulated according to individual performance previously recorded, in order to control
for intersubjects variability. Different levels of performance were obtained in a between subjects
design. Half of the subjects received sham stimulation.
In Experiment 1 an increased performance was observed in the experimental group only for hf-tRNS,
while for Experiment 2 no main effect of stimulation was present for any of the conditions.
The present study provides evidence not sustaining the stimulation-dependent model, suggesting a
more complex relationship between stimulation, brain and behavioral outcomes. Taken together, these
findings stress the need of taking into account the state of the system when applying tES.
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Synchronized tACS entrained oscillatory activity modulates long-range neuronal transmission
efficacy
*K. Fehér1, Y. Morishima1,2
1University Hospital of Psychiatry, University of Bern, Translational Research Center, Bern,
Switzerland
2Japan Science and Technology Agency, Saitama, Switzerland
Question
Synchronized brain oscillations are considered a basis for inter-regional neuronal communication [1,2].
However, the causal role of synchronized neural oscillations in regulating the efficacy of signal
transmission in brain networks has so far not been directly demonstrated.
Methods
To address this relationship, we employed the simultaneous use of transcranial alternating current
stimulation (tACS), TMS and EEG. Through tACS we entrained theta oscillatory activity in two regions
of the human frontoparietal network; the dorsolateral prefrontal cortex (DLPFC) and posterior parietal
cortex (PPC). We applied 6 Hz tACS to the DLPFC and PPC simultaneously in an in-phase or antiphase manner. For assessing resultant changes in transmission in the network, we simultaneously
applied weak single-pulse TMS over the DLPFC at four different phases of tACS (90°, 180°, 270°,
360°) and measured the spread of TMS-evoked EEG potentials (TEPs). The amount of current spread
is modulated by the functional status of the neural network, and thereby provides a measure of
changes in signaling efficacy [3].
Results
We found that the amplitude of TEPs depended on the phase of the entrained 6 Hz activity. The
phase-dependent changes of TEPs propagated to the occipital area in the in-phase condition, while, in
the anti-phase condition, the phase-dependency of TEPs disappeared in the occipital area, suggesting
that the tACS-induced de-synchronization of the frontoparietal network limited the communication of
the network.
Conclusions
A recent study has shown that introducing synchronized theta activity in the frontoparietal network with
tACS modulates working memory performance [4]. Our results add to the neurophysiological
explanation of these findings. We demonstrate that tACS-induced theta oscillations modulate signaling
efficacy in a phase-dependent manner, and that the induced state of phase-synchrony across the
frontoparietal network further modulates signaling efficacy. This supports the causal role of
synchronized endogenous oscillatory activity in modulating neuronal communication.
References
[1] Engel et al (2001). Nat Rev Neurosci.
[2] Buzsáki et al (2004). Science.
[3] Ilmoniemi et al (1997). Neuroreport.
[4] Polanía et al (2012). Curr Biol.
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Modulating cortical dynamics of binocular rivalry with tRNS over primary visual cortex
O. van der Groen1, *N. Wenderoth1
1ETH Zürich, Department of Health Sciences and Technology, Zürich, Switzerland
Question
We have recently shown that adding random electrical noise transcranially to the cortex can enhance
the detectability of weak visual signals, a phenomenon known as stochastic resonance (SR).
However, the concept of stochastic resonance is not only valid for stable systems but can also be
used to influence transitions of dynamical systems that consist of multiple attractor states. Here we
use binocular rivalry as a model to investigate whether peripherally or centrally added noise influences
transitions between different perceptual states. Binocular rivalry is characterized by three naturally
occurring attractor states with different stabilities (i.e. seeing the left eye stimulus, the right eye
stimulus, or both) and by a spontaneous stochastic switching between these states. This switching is
believed to be driven by a combination of neuronal adaptation and noise.
Methods
In a series of experiments we presented visual gratings to each eye separately using a mirror
stereoscope. Subjects continuously reported whether they perceived the left eye stimulus, the right
eye stimulus or a mixed percept. We tested whether switching dynamics were influenced when noise
was either added peripherally on the screen or centrally by applying tRNS (100-640 Hz, 1mA
amplitude) to the visual cortex.
Results and Conclusions
For low contrast stimuli, we found a significantly faster transition from the mixed to the single precepts
when noise was added directly to the visual stimulus (p=0.03) or to visual cortex using tRNS (p=0.02).
Our results show that tRNS can be used to modulate the dynamics of cortical processing.
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Outlasting effect of transcranial alternating current stimulation (tACS) on individual alpha
power decays within 90 minutes after stimulation.
*F. H. Kasten1, J. Dowsett1,2, C. S. Herrmann1,3
1Carl von Ossietzky University, Experimental Psychology Lab, Department of Psychology, Oldenburg,
Germany
2LMU, Center for Vertigo and Balance Disorders, Klinikum Grosshadern, Munich, Germany
3Carl von Ossietzky University, Research Center Neurosensory Science, Oldenburg, Germany
Introduction
Transcranial alternating current stimulation (tACS) has been shown to modulate spontaneous brain
activity in a frequency specific manner [1]. Numerous studies reported outlasting effects of tACS for
different frequencies and stimulation protocols which commonly exceeded the duration of the
experiment [2]. In the alpha band the effect has been shown to last for at least 30 min [3]. However,
the further development and total duration of the aftereffect remain unclear.
Objectives
The present study aimed to determine total duration and development of the tACS aftereffect beyond
the previously reported 30 min.
Materials & Methods
Seventeen subjects received either 20 min of tACS or sham stimulation at their individual alpha
frequency (IAF) using a Cz-Oz montage. EEG was measured during 3 min before and 90 min after
tACS, while participants performed a visual vigilance task.
Results
IAF band power (IAF ± 2 Hz) was increased in the verum group compared to baseline and sham for
70-80 min after stimulation. While alpha power in the verum group did not return to baseline, the group
difference between verum and sham decayed due to an alpha power increase in the sham group.
Conclusion
The current findings replicated previous observations of an aftereffect of tACS and for the first time
demonstrated an upper limit for the duration of this aftereffect when compared to sham. Furthermore,
the overall alpha rise over time for both groups emphasizes the importance of a carefully chosen
definition of the aftereffect and its reference (baseline or sham condition).
References
[1] Herrmann CS, Rach S, Neuling T, Strüber D. Transcranial alternating current stimulation: a review
of the underlying mechanisms and modulation of cognitive processes. Front Hum Neurosci 2013;7:113. doi:10.3389/fnhum.2013.00279.
[2] Veniero D, Vossen A, Gross J, Thut G. Lasting EEG/MEG Aftereffects of Rhythmic Transcranial
Brain Stimulation: Level of Control Over Oscillatory Network Activity. Front Cell Neurosci 2015;9:477.
doi:10.3389/fncel.2015.00477.
[3] Neuling T, Rach S, Herrmann CS. Orchestrating neuronal networks: sustained after-effects of
transcranial alternating current stimulation depend upon brain states. Front Hum Neurosci 2013;7:161.
doi:10.3389/fnhum.2013.00161.
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Is more better? A protocol to investigate the (neural) effects of repeated vs. single tACS in
healthy and pathological ageing
*L. Müller-Ehrenberg1, F. Verhey1, A. Sack2, H. Jacobs1,2
1Maastricht University, Faculty of Health Medicine and Life Sciences, School for Mental Health and
Neuroscience (MHeNS), Alzheimer Centrum Limburg, Maastricht, Netherlands
2Maastricht University, Faculty of Psychology and Neuroscience, Cognitive Neuroscience, Maastricht,
Netherlands
Introduction
Healthy and pathological ageing, such as Alzheimer’s disease (AD), both co-occur with disruptions of
neuronal activity in memory networks. A prodromal phase of AD is mild cognitive impairment (MCI).
Transcranial current stimulation (tCS) has previously been implemented in various settings, showing to
have beneficial influences on network connectivity. The recollection and hippocampal networks are
vulnerable to AD-related pathology. Targeting these networks with tCS in an early phase may be a
valid disease-delaying approach. The hippocampus cannot be stimulated directly, but is closely
connected with the angular gyrus. By stimulating the angular gyrus during memory performance
makes the recollection network more susceptible and therefore, we hypothesize that indirect effects
might be detected in the hippocampus.
Further, we will investigate the neural and cognitive effects of single vs multiple sessions. Knowledge
about the (long-term) cognitive and neural mechanisms can give valuable insights and pave the
ground for exploring tCS as a treatment option in future studies.
Objectives
We aim to investigate the neural changes underlying tACS on the angular gyrus in MCI patients and in
healthy controls using simultaneous fMRI, and the effect of repeated vs. first-session tACS.
Performance on a memory task will be compared between sessions.
A hippocampus-driven pattern separation memory task will be implemented to investigate if tACS vs.
sham during the encoding and consolidation phase has an influence on brain activation during
subsequent retrieval. Transfer to a similar, non-practiced task will be assessed at follow-up.
Patients & Methods or Materials & Methods
20 MCI patients and 20 healthy controls will receive 1 sham-tACS session, 5 consecutive tACSsessions, and one follow-up session. FMRI-scans will be obtained during sham, on the first and fifth
active session and one week after the last active session. TACS will be applied online during encoding
(task-fMRI) and consolidation (resting-state-fMRI) of a pattern separation task. Parallel task-versions
will be used in randomized order to minimize learning effects.
Within- and between group analyses will be conducted on both the fMRI-data (task and rs-fMRI) and
the behavioural data (pattern separation performance).
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The effect of transcranial direct current stimulation over parietal cortex on associative memory
*S. Filipović1, J. Bjekić1, M. Živanović2, J. Vujičić2
1University of Belgrade Institute for Medical Research, Department of Neurophysiology, Beograd,
Serbien und Montenegro
2University of Belgrade Faculty of Philosophy, Department of Psychology, Beograd, Serbien und
Montenegro
Background
Memory enhancement is one of the most challenging issues in neurorehabilitation. Memory functions
are affected by different neurological conditions as well as by normal aging. Recent data suggest that
it may be possible to improve performance on some of the memory tests by physiological modulation
of the activity within a neural loop which plays crucial role in formation and maintenance of the
associative memory and which consists of the hippocampus and the lateral parietal cortex.
Aims
To check the differential effects of facilitatory and inhibitory noninvasive neuromodulation by
transcranial direct current stimulation (TDCS) on associative memory.
Methods: Nineteen healthy right-handed participants (8 male, age 22 - 35) were enrolled in a crossover placebo-controlled study. Following 20-minute of either anodal (facilitatory), cathodal (inhibitory)
or sham (placebo) TDCS over left lateral parietal cortex (P3 of 10-20 EEG system), in 3 separate
sessions with 5-7 days inter-session intervals, participants completed a face-cued word recall test of
associative memory. The test consisted of two blocks: a) learning block, in which random words were
paired with unfamiliar faces, and b) recall block in which participants were asked to identify the target
faces and recall the word previously presented together with each face. In addition, in each session,
participants completed a verbal fluency task, as a control task.
Results
The repeated measures ANOVA showed significant main effect of stimulation type (F(2,36)=3.71,
p=.034, η2=.171). Post-hoc tests revealed that participant performed better on the associative memory
task after anodal than cathodal stimulation (p < .05), and the same trend was observed between
anodal and sham stimulation. No difference was found between sham and cathodal stimulation. No
effect of stimulation on verbal fluency task was observed.
Conclusions
Noninvasive brain modulation has a potential to improve performance on tasks requiring associative
memory engagement. The effect may prove to be beneficial for cognitive neurorehabilitation.
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Transcranial direct current stimulation-enhanced learning in good and bad sleepers
*J. Ebajemito1
1University of Surrey, Guildford, Great Britain
At present, studies on the variables that can potentially modulate the efficacy of non-invasive brain
stimulation techniques such as transcranial direct current stimulation (tDCS) are relatively sparse.
Existing evidences propose that tDCS and sleep exert their biological effects through a common
mechanism, which is the modulation of neuroplasticity processes. These findings suggest that sleep
could be an important factor responsible for variability in tDCS outcomes across the literature. The aim
of this study was to investigate the effect of good sleep and bad sleep on tDCS-enhanced learning in
healthy subjects. We hypothesised that good quality sleep will be beneficial in performing task (without
tDCS) and have a greater effect with administration of tDCS on task. To test this hypothesis, twentythree participants were recruited and grouped as good or bad sleepers based on subjective and
objective sleep assessments. Participants were given tDCS or sham stimulation to the Dorsolateral
Prefrontal Cortex (DLPFC) for 20 min in a randomised cross-over design study, while declarative
memory was assessed online using the word-list learning task. Results obtained indicate that good
quality sleep is beneficial for performing task, while poor sleep is detrimental to performing task under
baseline conditions. In contrast, good sleepers did not manifest a significant improvement in
performance with tDCS compared to bad sleepers. The results obtained from this study have
important implications for understanding how sleep may affect learning and the implication of sleep on
tDCS efficacy.
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Cross-hemispheric frontoparietal desynchronization impairs the visual-spatial working
memory in humans.
*I. Alekseichuk1, S. C. Pabel1, A. Antal1, W. Paulus1
1University Medical Center Göttingen, Dept. of Clinical Neurophysiology, Göttingen, Germany
Introduction
Multiple studies indicated the left and right prefrontal cortex (PFC) and posterior parietal cortex (PPC)
as anatomical substrates of the spatial working memory (i.e. frontoparietal memory network), however,
the exact functional connectivity between these areas remains uncertain. This is partly due to the
limitations of the applied neuroimaging methodologies, which are correlative in nature, as well as the
classical brain stimulation approaches that are mostly operate within the limited number of neocortical
sites.
Objectives
Here, we are taking advantages of the novel multichannel transcranial alternating current stimulation
(tACS) method in order to investigate the role of phase connectivity between the frontoparietal regions
in the left and right hemispheres that are commonly associated with the visual-spatial working memory
related behavior.
Materials & Methods
Fifteen healthy volunteers (11 females, age range: 19-28 years) participated in this double-blinded,
placebo-controlled, randomized, crossover study. Each of them completed a 2-back visual-spatial
working memory test during tACS and sham stimulation. Multichannel stimulation was applied at an
intensity of 1 mA peak-to-baseline with a frequency of 6 Hz over the left PFC and PPC versus the right
PFC and PPC. The working memory performance was estimated according to the signal detection
theory as follows: d' = Z(“hit rate”) - Z(“false alarm rate”); and compared using the paired t-test.
Results
We observed the significant decrease in working memory performance during the desynchronization
of the left and right frontoparietal regions in comparison to the control: d' control = 2.58±0.12
(mean±s.e.m.) and d'desynch = 2.34±0.11 (T(14) = 2.44, p = 0.03). No significant differences in the skin
sensations and phosphenes were perceived according to the post-session written reports.
Conclusion
The efficiency of visual-spatial working memory in humans depends on the precisely calibrated phase
connectivity within the frontoparietal network. Desynchronization of these relationships leads to the
significant impairment of working memory performance.
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Affecting declarative long-term memory with transcranial alternating current stimulation (tACS)
*G. de Lara1, A. de Alekseichuk1, Z. Turi1, A. Antal1, W. Paulus1
1University Medical Center Göttingen, Department Clinical Neurophysiology, Göttingen, Germany
Introduction and Objective
Previous studies imply that tACS can entrain the ongoing physiological neuronal oscillations
depending on the targeted function and the parameters (frequency, intensity and phase) of the
stimulation. The aim of the present study was to clarify if tACScould influence the performance of
healthy subjects on a verbal paired-associate learning paradigm.
Methods
For that, we conducted three different crossover, randomized, single-blind, placebo-controlled studies,
using a battery-driven Starstim stimulator system (Neuroelectrics, Barcelona, Spain). In the first study
(n=6), we applied 100 Hz tACS with 1.5 mA (active electrode T7, return Fpz and T8); in the second
one (n=6), 1.0 mA, 6Hz (3s) followed by 80Hz (5s) tACS during ISI and Stimulus presentation using
the same electrodes configuration; in the third one (n=15), we combined a temporal- and pre-frontal
stimulation using 7 electrodes. Here the stimulation intensity was 1mA at 6 Hz (temporal) and 80 Hz
(pre-frontal) combined stimulation. For all the studies, we used 8 cm2 round rubber electrodes inside a
saline-soaked sponge pocket, applying 10 minutes stimulation during the word-pairs learning phase.
After the learning phase, the subjects had a 10 minutes pause, followed by a test phase with a cued
recall. The subjects returned after 24 hours for a second cued-recall test. All subjects receivedactive
and sham tACS in a counterbalanced, randomized-manner.
Results
In the first two studies, no significant difference were found in the accuracy performance between days
across conditions, as well as between days within conditions; in the third study, we found no significant
difference between days across conditions, but significant difference between days in the active
(t=2.98, p=0.010) and sham (t=2.52, p=0.024) stimulation.
Conclusion
The stimulation parameters tested could not influence the memory performance assessed by this
memory task with the present number of subjects in the first two studies. Further variations of
waveforms, intensity and stimulation parameters should be tested with the same task in order to probe
the possible influence of tACS on episodic long-term memory. The final results will be presented in the
conference.
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Neural correlates of tDCS effects on working memory function: implications for adjunctive
cognitive therapies
*A. Woods1,2, N. Nissim1,2, L. Richards1,2, A. O'Shea1,2, E. Porges1,2
1University of Florida, Aging and Geriatric Research, Gainesville, United States
2Center for Cognitive Aging and Memory, Institute on Aging, Gainesville, United States
Question
Working memory not only declines as we age, but also in relation a variety of psychiatric conditions
(e.g., depression). Prior mechanistic studies demonstrate that transcranial direct current stimulation
(tDCS) of prefrontal cortices can enhance working memory function in humans. This work led to recent
trials combining tDCS with working memory cognitive training, which have produced mixed results.
Nonetheless, if effective at ameliorating working memory decline, tDCS could pose strong potential for
combating cognitive symptoms of aging and various psychiatric condition with characteristic decline in
this domain.
Methods
We sought to understand the neural underpinnings of tDCS-based working memory enhancement by
combining 2mA tDCS with concurrent functional magnetic resonance imaging (fMRI) and GABA
MEGA-PRESS magnetic resonance imaging (MRS) before, during and after an N-Back working
memory task. The study used a double blind within-subject design with sham and tDCS sessions
separated by one week. During one session, participants underwent 12 minutes of 2mA stimulation at
F3-F4 (bilateral frontal stimulation) with the anode electrode on the right. In a second session,
counterbalanced for order, participants received 30 seconds of 2mA sham. Here we present MRS and
fMRI data from 20 participants stimulated with the anode electrode placed on the right.
Results
Our data demonstrate that not only does baseline functional activation within working memory related
working memory regions predict subsequence functional response following stimulation, but also
behavioral gains with tDCS. Functional change in working memory related regions also tracked with
behavior. Furthermore, change in GABA+ concentration from GABA MRS also predicted performance
change from tDCS.
Conclusions
These data provide evidence not only for the effect of tDCS on working memory, but also the neural
correlates of tDCS effects. As these working memory networks are altered not only in aging, but also
various psychiatric conditions, these data provide strong support for the potential value of tDCS in
combating cognitive symptoms of aging, psychiatric, and other conditions undermining working
memory function.
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Investigating bimanual motor coordination in healthy young and older adults using EEG and
transcranial direct current stimulation (tDCS)
*A. Jamil1,2,4, K. Cuypers2,3, M. A. Nitsche1,4,5, R. Meesen2,3
1University of Göttingen, Göttingen, Germany
2University of Hasselt, Hasselt, Belgium
3Katholieke University of Leuven, Leuven, Belgium
4Leibniz Research Centre for Working Environment and Human Factors, Dortmund, Germany
5University Medical Hospital Bergmannsheil, Bochum, Germany
Introduction
Accompanying the natural advancing of age is a decline in cognitive and motor functions, which can
significantly impact the daily life activities in the elder demographic (>65 y). Such declines may involve
altered neuroplasticity, due to changes in synaptic function and neurotransmission. Successful
performance of complex motor tasks may also entail distinct patterns in motor cortical functional
connectivity, which may also be subject to age related changes. On the other hand, recent work has
shown that transcranial direct current stimulation (tDCS) may be a useful tool to restitute these altered
mechanisms, and improve performance of motor skills.
Objectives
The present study first addresses the question of identifying physiological markers of age-related
differences during acquisition and performance of bimanual motor movements, based on motor
cortical functional connectivity using EEG. Second, the study assesses whether performance of
complex bimanual motor skills can be improved in the elderly using tDCS.
Methods
Experiment 1: 42 healthy, non-smoking subjects (20 young/22 elderly) were recruited. Subjects
performed a bimanual tracking task similar to the classic “Etch-a-Sketch” game, which requires inphase and anti-phase movements, and at various frequencies. Three blocks of the task were
performed (180 total trials) in the single-session design to evaluate both kinematic and EEG metrics
(phase lag functional connectivity) between the young and elderly.
Experiment 2: An additional 40 subjects (20 young/20 elderly) were recruited for evaluating whether
right M1 anodal tDCS (1.0 mA, 20 min) may improve performance in the task. A double-blinded, shamcontrolled, randomized crossover design was implemented to assess kinematic and functional
connectivity differences between young and elderly.
Data was statistically analyzed within the framework of mixed-design ANOVAs, in order to assess
overall group differences in performance, as well as main effects of stimulation, across three
incrementing levels of task difficulty.
Results
Experiment 1: Task performance in younger subjects was more accurate than elderly. Elderly showed
higher beta power during planning and performance periods. Lateralized motor cortical functional
connectivity to prefrontal cortical areas was also greater in younger subjects, whereas elderly subjects
showed no discrimination in activation during tasks that relied more on one hand.
Experiment 2: ANOVA revealed a main effect of stimulation in elderly but not in young. Post hoc
analyses revealed significant improvements in both left and right hand coordination in real stimulation
conditions. Younger subjects tended to improve performance as well, although ceilings effects may
have been a constraint. In further post-hoc analyses, we observed that older subjects favored slower,
but accurate movement coordination whereas younger participants divided evenly in the speed vs.
accuracy dichotomy.
Conclusion
We show that both functional connectivity and inter-limb kinematics underlying bimanual motor
coordination are different between the young and elderly. Such differences may be due to constraints
in muscular strength, degeneration of the gray matter, and/or differences in cortical connectivity as a
result of the aging process. We further show that a single session of tDCS applied to the motor cortex
was able to significantly improve the bimanual performance in both young and elderly. Although further
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studies are needed to optimize tDCS parameters for enhanced and prolonged effects, this noninvasive stimulation technique may be a viable tool in restituting and even further optimizing motor
functioning.
Figure 1
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The effects of transcutaneous spinal cord stimulation on spinal reciprocal inhibition in healthy
persons
*T. Yamaguchi1, T. Fujiwara2, T. Takahara1, Y. Takahashi1, K. Mizuno1, J. Ushiba3, Y. Masakado2, M.
Liu1
1Keio University School of Medicine, Department of Rehabilitation Medicine, Tokyo, Japan
2Tokai University School of Medicine, Department of Rehabilitation Medicine, Kanagawa, Japan
3Keio University, Department of Biosciences and Informatics, Faculty of Science and Technology,
Kanagawa, Japan
Introduction
Transcutaneous spinal cord stimulation (tSCS) is a non-invasive method to stimulate afferent
structures of the spinal neural circuits related with lower limb motor control. Its application is known to
improve lower limb motor function in individuals with spinal cord injury. However, it remains unknown
whether tSCS induces spinal plasticity, which has an essential role in functional recovery of the lower
limb after spinal cord injury and stroke.
Objectives
The purpose of this study was to investigate the effects of tSCS on spinal reciprocal inhibition in
healthy individuals.
Methods
Twelve healthy volunteers participated in this single-masked, sham-controlled crossover study. The
following three paradigms were randomly applied to them on three different days: (1) tSCS; (2) sham
tSCS; (3) transcutaneous peripheral nerve patterned electrical stimulation (tPES). tSCS and tPES
consisted of a train of 10 pulses at 100 Hz every 2 s for 20 min. tSCS was delivered to the thoracic
spine level (Th11/12) with the intensity of sensory threshold ×2.0 without muscle contraction. tPES
was applied to common peroneal nerve using the intensity equal to the motor threshold of tibialis
anterior muscle. For sham stimulation, the same procedure was used, but the current was delivered
for only 30 s.We assessed disynaptic reciprocal inhibition (RI) and presynaptic inhibition (D1) using a
soleus H-reflex conditioning-test paradigm. The magnitudes of inhibition was assessed before,
immediately after, 15 min and 30 min after the stimulation.
Results
tSCSsignificantly increased the amount of D1 inhibition immediately after and at 15 min after when
compared with the baseline, and the effects were greater than other conditions immediately after and
at 15 min after the stimulation. tSCS concurrently increased the amount of RI immediately after. tPES
significantly increased the amount of RI until 15 min after the stimulation, but did not affect the D1
inhibition.
Conclusion
The present results provide further evidence that tSCS can induce short-term plastic changes in
human spinal reciprocal inhibitory interneuron.
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The priming-effects of theta burst stimulation on lower extremity spinal reciprocal inhibition
induced by peripheral patterned electrical stimulation
*T. Yamaguchi1, T. Fujiwara2, S.- C. Lin3, M. Liu1, Y.- Z. Huang3
1Keio University School of Medicine, Department of Rehabilitation Medicine, Tokyo, Japan
2Tokai University School of Medicine, Department of Rehabilitation Medicine, Kanagawa, Japan
3Chang Gung Memorial Hospital and Chang Gung University College of Medicine, Department of
Neurology, Taoyuan, Taiwan, Province of China
Introduction
Peripheral patterned electrical stimulation (PES) to the common peroneal nerve modulates the
reciprocal inhibition from the tibialis anterior muscle (TA) to the soleus muscle (SOL) through
plasticity mechanisms, which have essential roles in functional recovery of the lower limb after
cord injury or stroke. Furthermore, modulation of cortex excitability is thought to modify
plasticity.

spinal
spinal
spinal
spinal

Objectives
This study aimed to investigate the priming-effects of intermittent theta burst stimulation (iTBS) over
the primary motor cortex on PES-induced spinal plasticity in healthy subjects.
Materials & Methods
Ten healthy volunteers have participated in the single-masked, sham-controlled, crossover study. All
participants received iTBS to the TA motor hot-spot in three separated sessions: 1) iTBS before PES;
2) iTBS after PES; and 3) sham iTBS before PES. iTBS consisted of 10 bursts, in each of which
composed of three stimuli at 50 Hz, at 5 Hz repeated every 10 s for a total of 600 stimuli (200 s). For
the sham stimulation, iTBS was delivered with a coil held flipped over on the TA hotspot at a reduced
intensity following the same procedure of real iTBS. PES involved stimulating the right common
peroneal nerve with a train of ten 100-Hz pulses every 2 s for 20 min. To counterbalance the
intervention time of iTBS before and after PES, rest period (200 s) was set for each task. Reciprocal
inhibition from TA to SOL was assessed using a soleus H-reflex conditioning-test paradigm. The
conditioning-test inter-stimulus intervals were 2 (RI2ms), 20 (RI20ms) and 100 ms (RI100ms).Reciprocal
inhibition was assessed at baseline, before PES, and at 0, 15, 30, and 45 min after PES.
Results
iTBS before PES significantly enhanced RI2ms at 0 and 15 min after PES as compared with the
baseline values. In contrast, iTBS after PES and sham iTBS before PES only enhanced RI 2ms at the
time point immediately after PES. RI100ms was significantly increased only under the iTBS before PES
protocol, immediately after PES.
Conclusion
These findings confirm the hypothesis that spinal plasticity can be modified by altering the motor
cortical excitability, and provide a greater understanding of the mechanisms underlying spinal plasticity
to help for developing newer rehabilitation strategies.
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Awareness in movement illusions induced by tendon vibration: the role of prefrontal structures
*D. Crivelli1,2, M. Bove3, M. Balconi1,2
1Catholic University of the Sacred Heart, Department of Psychology, Milano, Italy
2Catholic University of the Sacred Heart, Research Unit in Affective and Social Neuroscience, Milano,
Italy
3University of Genoa, Department of Experimental Medicine, Genova, Italy
Introduction
Muscle tendons vibration at frequencies ranging between 80-90 Hz proved to induce trains of action
potentials in the primary endings connected to Ia afferent fibers, which may in turn result in vivid
illusory limb movements. Recently it has been suggested that the known global activation of a
sensorimotor network may not be enough for the emergence of a conscious movement-illusion
perception and that motor awareness - even if illusory - might be supported by further cortical
structures.
Objectives
The present study aimed at exploring the electrophysiological signature of the rise of motor awareness
for illusory perception of movements by integrating EEG and source localization data with
psychophysical correlates of subjective experience.
Materials & Methods
15 right-handed subjects took part in the study. They were asked to wear an EEG cap and to place
their right arm behind a screen. Hand movement illusions were induced by applying a 90 Hz vibration
to the Flexor Carpi Radialis muscle tendon. The presence of confounding tonic vibration reflexes was
monitored via surface EMG. Artifact free EEG segments entered the data processing procedure, which
included frequency- based analyses (signal power) and source localization (standardized lowresolution brain electromagnetic tomography, sLORETA) analyses. We further recorded trial-specific
self-report measures (presence, direction, duration, and vividness of illusions).
Results
Besides the contribution of a frontal-parietal sensorimotor network to the experience of movement
illusions and the specific contribution of parietal structures to individual propensity to perceive them,
we observed the peculiar role of a cingulate-prefrontal hub in mediating such conscious experiences
by contrasting electrophysiological correlates of consciously-reported illusory experiences and nonillusory trials within-subjects.
Conclusion
Cingulate-prefrontal structures are known to support action control, action-feedback monitoring and
self-monitoring by acting as a hub for information flow. Accordingly, we suggest that our evidences
point out their involvement in “switching-on” the awareness of movement illusory experiences by
mediating the direct and recurrent information flow between low- and high-level cortical structures.
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Development, safety, and parameter optimization of a novel form of noninvasive vagus nerve
stimulation: Transcutaneous auricular vagus nerve stimulation (taVNS)
*B. Badran1, C. Glusman1, A. Badran2, C. Austelle1, W. DeVries1, J. Borckhardt1, M. George1
1Medical University of South Carolina, Psychiatry, Charleston, United States
2San Jose State University, College of Engineering, San Jose, United States
Introduction
Cervically implanted vagus nerve stimulation (VNS) is FDA-approved for treating epilepsy or major
depression. Additionally, interest in VNS has reemerged, showing promise in several translatable
animal studies. We have developed a noninvasive device that electrically stimulates the auricular
branch of the vagus nerve called transcutaneous auricular vagus nerve stimulation (taVNS).
Objectives
The aims of this study were to 1) develop a noninvasive transcutaneous auricular vagus nerve
stimulator, 2) determine whether it is a safe and feasible form of neuromodulation, and 3) determine
optimal taVNS parameters that modulate vagal tone.
Patients & Methods
This single-blind, sham controlled, crossover study consisted of 2 separate visits during which custombuilt electrodes were used to deliver electrical stimulation to either the left tragus or earlobe (active or
sham respectively) in 15 healthy adult participants. Participants received nine different randomized
stimulation sessions (60s each) of varying pulse width and frequency. Primary outcome measures
recorded were heart rate, skin temperature, and skin conductance. Painfulness was also rated on a
visual analog scale (VAS) and participants were constantly monitored for major and minor adverse
events.
Results
No adverse events were observed and active stimulation was not more painful than sham. Mean pain
VAS scores ranged from 0.2 to 1.94. With respect to condition, there was no significant decrease in
heart rate between all active and all sham stimulations in an overall group analysis (n=135 sessions,
mean HR decrease active= 1.86BPM, Sham=1.47BPM; p=0.521). When analyzed based on a
parameter basis, two of nine parameters had significant decreases in heart rate (500μs, 25Hz; 200μs,
25Hz; p < 0.05).
Conclusion
Short doses of taVNS in healthy young adults is feasible, tolerable, and reasonably safe. Like all forms
of brain stimulation, the specific parameters of stimulation are important in modulating vagal tone
(current (mA), pulse width (μs), and frequency (Hz). Follow-up studies testing optimized parameters in
the fMRI scanner are currently being conducted.
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Cortical language mapping by rTMS compared to fMRI in healthy volunteers
*S. Ille1,2, N. Sollmann1,2, C. Zimmer3, B. Meyer1, F. Ringel1, S. M. Krieg1,2
1Department of Neurosurgery, Klinikum rechts der Isar, Technische Universität München, Munich,
Germany
2TUM Neuroimaging Center, Klinikum rechts der Isar, Technische Universität München, Munich,
Germany
3Section of Neuroradiology, Department of Radiology, Klinikum rechts der Isar, Technische Universität
München, Munich, Germany
Introduction
Functional magnetic resonance imaging (fMRI) is considered to be the standard method regarding
non-invasive language mapping. However, repetitive navigated transcranial magnetic stimulation
(rTMS) gains increasing importance with respect to that purpose. However, comparisons between
both methods are sparse.
Objective
To compare the results of rTMS and fMRI language mapping in healthy volunteers.
Patients & Methods
We performed fMRI and rTMS language mapping of the left hemisphere in 40 healthy, right-handed
subjects in combination with the tasks that are most commonly used in the neurosurgical context
(fMRI: word-generation=WGEN task; rTMS: object-naming=ON task). Different rTMS error rate
thresholds (ERTs) were calculated, and Cohen’s kappa coefficient and the cortical parcellation system
(CPS) were used for systematic comparison of the two techniques.
Results
Overall, mean kappa coefficients were low, revealing no distinct agreement. We found the highest
agreement for both techniques when using the 2-out-of-3 rule (CPS region defined as languagepositive in terms of rTMS if at least 2 out of 3 stimulations led to a naming error). However, kappa for
this threshold was only 0.24, indicating fair agreement.
Conclusions
Regarding the comparison of fMRI and rTMS, language mapping results seem to differ in a wide
range, at least when the tasks of the present trials are used. Since it is not possible to verify the
present results via direct cortical stimulation (DCS) as the gold standard method, we must be careful
to call one of the two techniques the true one. However, this study yields valuable results regarding
the comparison of these frequently used mapping techniques for the most common language tasks
applied in the neurosurgical routine.
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Frontal Eye Fields control visual cortex excitability by phase aligning beta oscillations: a
bifocal Transcranial Magnetic Stimulation (TMS) study
*D. Veniero1, S. Morand1, F. Duecker2, A. T. Sack2, J. Gross1, G. Thut1
1University of Glasgow, Institute of Neuroscience and Psychology, Glasgow, Great Britain
2Maastricht University, Faculty of Psychology and Neuroscience, Dept. Cognitive Neuroscience,
Maastricht, Netherlands
Question
Previous TMS studies have shown that attention-regulated changes in posterior brain rhythms are
under FEF control (Capotosto, JNeurosci 2009) and that FEF-TMS affects the probability of perceiving
phosphenes (Silvanto, JNeurophysiol 2006). However the oscillatory nature of the latter changes has
never been examined. Here we specifically tested whether FEF-TMS causes visual cortex excitability
to phase align at the frequency of brain rhythms.
Methods
To this end we used bifocal TMS. The first pulse was used to activate FEF projections to visual areas,
the second pulse to test the resulting excitability changes in primary visual cortex (V1) or extrastriate
cortex (V5) in terms of phosphenes perception as a function of the interval between pulses. If FEF
activation phase-aligns oscillatory activity over the occipital cortex, one would expect a periodicity in
phosphenes perception locked to the FEF-TMS pulse.
Thirteen participants were enrolled to assess right FEF-right V1 (rFEF-rV1) or rFEF-rV5 interactions at
19 time delays (30 to 300 ms). The specificity of FEF-V1/V5 interactions was controlled for by means
of two control conditions (Cz-rV1, Cz-rV5).
To test for a cyclical pattern in phosphene perception, we fitted cosine waves between 7 to 25 Hz,
extracted the R-squared values for each frequency and statistically evaluated the difference between
each main condition and its control (FEF-V5 vs Cz-V5; FEF-V1 vs Cz-V5) using a bootstrapping
procedure (p
Results
When comparing rFEF-rV5 and Cz-rV5, we found beta-frequency (from 14-19 Hz) to better fit the
rFEF-rV5 than its control condition. Notably, when testing for phase locking, we found significant
results in the beta band (16-17Hz) for the rFEF-rV5 condition (p
When comparing rFEF-rV1 and Cz-rV1 we found no significant difference in the R-squared values at
any frequency.
Conclusions
Our data are in line with FEFs controlling V5 excitability by phase resetting oscillatory activity in the
beta band, which accords with findings suggesting that beta oscillations are involved in top-down
interactions within cortical networks (Buschman, Science 2007).
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Noninvasive manipulation of fronto-parietal synchrony improves conscious visual perception
in humans
*C. Stengel1, M. Vernet2, J. Amengual1, A. Valero-Cabre1,3,4
1ICM, Paris, France
2NIMH, Laboratory of Brain and Cognition, Bethesda, United States
3Boston University School of Medicine, Anatomy and Neurobiology (Laboratory of Cerebral
Dynamics), Boston, France
4Open University of Catalonia, Cognitive Neuroscience and Information Technology, Barcelona,
France
Question
Correlational evidence in monkeys has reported increased synchrony of high-beta (22-34 Hz) cortical
oscillations between frontal and parietal attentional regions during visual tasks engaging an
endogenous capture of attention (Buschmann and Miller, Science 2007). However, these results lack
causality. We aim to demonstrate that this frequency specific intrahemispheric synchronization is
causally linked to the modulation of visual performance.
Methods
We recorded EEG signals in human participants (n=14) who performed a conscious visual detection
task while we manipulated cortical high-beta rhythms with brief rhythmic (30 Hz, 4 pulses) or random
bursts of rhythmic Transcranial Magnetic Stimulation (rTMS) delivered to the right Frontal Eye Field
(FEF). Participants had to report (yes/no) if he had seen the target (an individually titrated low contrast
gabor at 50% detection levels) and if ‘yes’, where it had appeared (left/right of the fixation cross).
Individual perceptual sensitivity (d’) was determined using signal detection theory. From the EEG
signal, a classical measure of phase-synchrony (evaluating the stability of the phase-relationship
between 2 signals) was calculated between the electrode closest to the TMS coil position (FC2) and
all other scalp electrodes. To rule-out artificial enhancement of synchrony between pairs of
neighbouring scalp electrodes, zero-phase synchronization was not considered.
Results
We report, in the rhythmic TMS condition (compared to the random TMS control), an increase of interregional synchronization in the high-beta band (25-35 Hz) between the area stimulated (right FEF) and
a group of parietal electrodes, as well as an increase of local inter-trial coherence in the same
frequency band over parietal electrodes.
Behaviorally, conscious visual detection was improved for left visual targets (contralateral to the
stimulation) in the rhythmic but not random TMS condition.
Conclusion
Our results show that human high-beta inter-regional synchrony can be manipulated non-invasively
and that high-beta oscillatory activity across the right dorsal fronto-parietal attention network causally
contributes to the facilitation of conscious visual detection, suggesting potential applications of
rhythmic non-invasive brain stimulation for the restoration of impaired visual behaviors.
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Disentangling rule-dependent from stimulus-dependent brain networks in the action
observation domain by means of combined TMS and fMRI.
S. Ubaldi1, S. Sorella2,1, *L. Cattaneo3
1University of Trento, Trento, Italy
2University of Trieste, Trieste, Italy
3University of Verona, Verona, Italy
Introduction. The ability to perform appropriate behavior in response to others’ actions is a building
block of social interactions. Two components concur in such capacity: an imitative pattern of behavior,
based on parieto-frontal circuitry, and a non-imitative modality.
Objective: In this experiment we investigate the neural substrates of the capacity to override imitative
tendencies and perform non-imitative behavior.
Materials and Methods. In a first, localizer experiment, We challenged healthy human participants in
an imitative (i.e. stimulus dependent) and a non-imitative (i.e. rule-dependent) task while undergoing
functional magnetic resonance imaging (fMRI). A complex cortical network comprising the ventral
prefrontal, the premotor, parietal, superior temporal and lateral occipital cortices showed increased
activation during non-imitative, compared to imitative behavior. In a second experiment we applied 20
minutes of 1 Hz repetitive transcranial magnetic stimulation (rTMS) to the left ventral prefrontal cortex
as indicated by experiment 1, and immediately after underwent fMRI while performing the imitative and
the non-imitative tasks.
Results. We observed that differences in blood-oxygen-level-dependent (BOLD) signal between the
two tasks were significantly modulated by the prior application of rTMS to the prefrontal cortex. Sites
showing such rTMS*task interactions in BOLD signal included the ventral and anterior prefrontal
cortex, the parietal and premotor regions bilaterally, the pre-supplementary motor area, the posterior
superior temporal cortex.
Conclusion. Local modulation of neural activity in the prefrontal cortex by rTMS generated a cascade
of events in a cortical network that is likely to support our capacity to perform flexible non-imitative
behavior.
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Do repetitive spinal motor neuron discharges underlie the facilitation and inhibition in pairedpulse paradigm?
*E. T. Batzianouli1, N. A. Nguepnjo Nguissi1, B. Miaz1, D. Benninger1
1Centre Hospitalier Universitaire Vaud (CHUV), Clinical Neurosciences, Lausanne, Switzerland
Objective
To explore whether repetitive Motorneuron Discharges (repMDs) contribute to intracortical facilitation
(ICF) and short intracortical inhibition (SICI).
Background
Transcranial magnetic stimulation (TMS) leads to repetitive spinal motor neuron discharges
(repMNDs). The paired-pulse TMS (PP-TMS) paradigm allows the exploration of the motor cortex
physiology, but the precise mechanisms remain undetermined. The triple stimulation technique (TST)
and an extended TST-technique including a 4th and 5th stimulation, Quadruple (QuadS) and Quintuple
(QuintS) stimulation, respectively, allow a more precise exploration of the central motor conduction
and of repMNDs.
Design/Methods
We explored the PP TMS paradigms of short intracortical inhibition (SICI) with an inter-stimulus
interval (ISI) of 2ms and intracortical facilitation (ICF) with an ISI of 10ms in the conventional way
(TMS), combined with the TST, the QuadS and QuintS in a randomized design in 20 healthy
volunteers.
Results
TMS and TST paradigms confirm the ICF and SICI and they appear to be associated with more
repMNDs in ICF than in SICI. About half of the subjects have repMND following a single pulse TMS in
the QuadS and QuintS condition (60% and 40%, respectively) and generally more in the QuadS than
in the QuintS condition. There appear more repMNDs in the PP-TMS paradigm of ICF than with a
single pulse TMS and less than latter in SICI.
Conclusions
Our preliminary results suggest a possible contribution of repetitive spinal motor neuron discharges in
the conditioned responses of PP-TMS, but there is an inter- and intra-individual variability which needs
to be further explored.
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Disrupting cognitive control in dual-task situations by transcranial magnetic stimulation of the
lateral prefrontal cortex
*S. Kübler1, T. Schubert1,2
1Humboldt Universität zu Berlin, Institut für Psychologie, Berlin, Germany
2Martin-Luther-Universität Halle-Wittenberg, Halle, Germany
Introduction
Performance in dual-task situations is usually impaired compared to performance in single-task
situations, which is reflected in prolonged reaction times as well as increased error rates. These dualtask costs can be explained by the requirement to recruit additional task-order control processes that
are crucial for scheduling, monitoring and regulating the processing order of two temporally
overlapping tasks. Recent neuroimaging studies with functional magnetic resonance imagery (fMRI)
could show that the lateral prefrontal cortex (lPFC) may play an essential role for implementing these
control processes. However, the association between prefrontal activity and task-order control remains
only correlational due to the nature of the fMRI method.
Objectives
The aim of this study was to provide evidence for the causal involvement of prefrontal activity in dualtask processing by applying transcranial magnetic stimulation (TMS).
Methods
16 Participants performed a dual-task consisting of two simple choice reaction tasks. Demands on
task-order control processes were manipulated by introducing dual-task blocks with either fixed or
random order of both tasks. We compared the effects of TMS over the lPFC to two control conditions.
Results
As a result, we could show that in the stimulation condition dual-task performance decreased
compared to control conditions only if demands on task-order control processes where high.
Conclusion
This pattern of results supports the conclusion that the lPFC plays a causal role for the implementation
of task-order control processes in situations with temporally overlapping tasks. More specifically, we
argue that the lPFC is recruited for activating an internal order representation into working memory.
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Cerebellar involvement in facial emotion discrimination: a TMS study
*V. Oldrati1, C. Ferrari2, Z. Cattaneo2, T. Vecchi1
1University of Pavia, Brain and Behavioral Sciences, Pavia, Italy
2University of Milano-Bicocca, Psychology, Milano, Italy
The contribution of cerebellum to affective processing has been neglected for a long time. Recently,
an increasing number of studies on both healthy participants and patients with cerebellar abnormalities
pointed to a possible role of the cerebellum in the emotions regulation and perception.
In this study, we aimed to investigate the involvement of the cerebellum in emotion discrimination by
means of transcranial magnetic stimulation (TMS). We presented participants with pairs of faces with
different emotional expressions (happy or angry) and we asked them to indicate whether the two faces
showed the same or a different emotion. Triple-pulse TMS (20 Hz) was delivered between the first and
the second face presentation over the left cerebellum, the primary visual cortex and the vertex (control
site).
Analyses suggest that cerebellar TMS impaired participants’ performance in emotion discrimination, in
line with previous evidence on the link between cerebellum and emotional processing.
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The variability of targets for repetitive transcranial magnetic stimulation based on navigated
TMS mapping and intrinsic connectivity measures
*A. Poydasheva1, E. Zmeykina1, A. Chernyavskiy2, A. Chervyakov1, N. Suponeva1, M. Piradov1
1Research Center of Neurology, Neurorehabilitation and physiotherapy, Moscow, Russian Federation
2Institute of Physics and Technology, Moscow, Russian Federation
Introduction
Despite the quasi high effectiveness of the repetitive transcranial magnetic stimulation (rTMS) of left
dorsolateral prefrontal cortex (lDLPFC) in treatment of major depression, the high effect size variability
is noticed (Herbsman et al, 2009). One of the reasons for this variability is the imperfect targeting of
stimulation point. Resting state functional MRI (rsfMRI) has become a very popular tool to measure an
intrinsic connectivity. Seed-based connectivity analysis is the method to evaluate functional
connectivity between a chosen region and the whole brain. This analysis could be used for rTMS point
targeting (Fox et al, 2012).
Objectives
Our aim was to evaluate the possibilities of seed-based connectivity analysis in TMS stimulation point
targeting and to measure the variability of these points compared to navigated transcranial magnetic
stimulation (nTMS)-guided targeting.
Materials and Methods
Five patients (all females, mean age=36.6, SD=8.7) suffering major depression were enrolled in this
study. They were clinically evaluated with Beck Depression Inventory (mean value=28.5, SD=12).
Resting-state fMRI data was acquired on 3T MR-scanner. nTMS with Abductor pollicis brevis muscle
mapping was also performed with NBS eXimia Nexstim device. Maps of functional connectivity were
built usingCONNtoolbox for MATLAB. Subgenual cingulated cortex area (10mm radius sphere at MNI
coordinates (6,16,-10) was taken as a seed region. Then points in lDLPFC with maximum value of
negative correlation were found individually in seed maps. The second pool of points was determined
as5 cmanterior to individual APB muscle hotspot. The coordinates of two pools of points were
compared inter- and intra-individually.
Results
Maximal distance between nTMS-guided points was13.27 mmvs.53.62 mmbetween rsfMRI-guided
points. Mean distance to the center of points in nTMS-guided group was5.45 mmvs38.83 mmin
rsfMRI-guided group. Mean distance between intraindividual nTMS- and rsfMRI-guided points
was40.02 mm(fig. 1)
Conclusion
The interindividual variability of rsfMRI-based points' coordinates was much higher than in nTMSbased points. High intraindividual variability was also shown. We are starting a clinical trial comparing
the effects of rTMS targeting with these two methods in major depression.
Figure 1
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Cortical time course of reading processing by navigated transcranial magnetic stimulation
*M. Rogić Vidaković1, A. Jerković2, M. Perkušić Čović3, M. Zmajević Schönwald4, Z. Đogaš1
1University of Split, Laboratory for Human and Experimental Neurophysiology (LAHEN), Department of
Neuroscience, School of Medicine, Split, Croatia
2University of Zagreb, Postgraduate doctoral studies of Psychology, Faculty of Philosophy, Zagreb,
Croatia
3Translational research in biomedicine and health TRIBE, Split, Croatia
4Clinical Medical Centre “Sisters of Mercy”, Department of Neurosurgery, Clinical Unit for
Intraoperative Neurophysiologic Monitoring, Zagreb, Croatia
Introduction
The time scale at which reading processes operate is matter of intense debate. Chronometric TMS
studies can be used to understand the global reading as well as temporal coordinates of sub
processes involved in word reading.
Objectives
The aim of our TMS study was to investigate timing of cortical areas involvement in process of reading
words in healthy subjects. The study was designed to provide timing of activity in predefined cortical
areas involved in reading aloud as a global process.
Materials and Methods
Twelve healthy and right-handed volunteers (6 men, mean age 29.67±9.82 years, and 6 females,
mean age 28 ±5.8 years) underwent patterned protocol of rTMS over the specific brain areas related
to reading process identified intraoperatiely, namely to: posterior part of superior temporal gyrus
(PSTG), posterior part of middle temporal gyrus (PMTG), left supramarginal gyrus (SMG), angular
gyrus (AnG), and posterior part of inferior frontal gyrus (opercular part of Broca's area) (OpIFG), while
participants were reading words (overt reading of presented words). Modified patterned rTMS
stimulation protocol consisted of 4 bursts of 4 stimuli each, with an interstimulus interval of 6 ms, and a
burst repetition rate of 4 Hz. The rTMS protocol was applied at four time points: 150-175-200 ms, 225250-275 ms, 300-325-350 ms, 400-425-450 ms) following word presentation, including the 0 ms as the
control condition.
Results
While stimulating OpIFG the reading latency was significantly prolonged for time point of 300-325-350
ms (F(1)=9.2 , p=.0) compared to control time condition. Stimulation of PSTG and PMTG revealed a
significantly prolonged reading latencies for time points of 300-325-350 (PSTG: F(1)=5.1, p=.0; PMTG:
F(1)=8.6, p=.0) and 400-425-450 ms (PSTG: F(1)=26.1, p=.0; PMTG: F(1)=11.1, p=.0) compared to
control. When stimulating AnG reading latency significantly increased for time points of 150-175-200
ms (F(1)=6.5, p=.0), 300-325-350 (F(1)=8.9, p=.0) and 400-425-450 ms (F(1)=7.6, p=.0) compared to
control. Stimulation of SMG did not reveal significant differences when comparing time points and
control condition.
Conclusion
Our results document significant effect on word reading latency during application of modifed rTMS on
OpIFG, PSTG, PMTG, and AnG in healthy subjects. The results of this study might be used in
upgrading/constructing theoretical models of reading and assessing functional connectivity between
brain regions involved in reading process.
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Cerebellar theta burst stimulation modulates the neural activity of interconnected parietal and
motor areas
*E. P. Casula1, M. C. Pellicciari1, V. Ponzo1, M. Stampanoni Bassi1, D. Veniero1, C. Caltagiron1, G.
Koch1
1Non-invasive Brain Stimulation Unit, Santa Lucia Foundation, Rome, Italy
Question
Voluntary movement control and execution are regulated by the influence of the cerebellar output over
different interconnected cortical areas, through dentato-thalamo connections. However, in humans,
connectivity and plasticity dynamics of the cerebellar-thalamo-cortical connections have been only
indirectly explored.
Methods
In the present study we applied in a group of healthy volunteers transcranial magnetic stimulation
(TMS) and electroencephalography (EEG) to directly assess the effects of three theta-burst stimulation
(TBS) protocols (intermittent, continuous and sham) over the primary motor cortex (M1) and the
posterior parietal cortex (PPC) of the contralateral hemisphere.
Results
We found a TBS-dependent bidirectional modulation over TMS-evoked activity; specifically, cTBS
increased whereas iTBS decreased activity between 100 and 200 ms after TMS, in a similar manner
over both M1 and PPC areas. On the oscillatory domain, TBS induced specific changes over M1
natural frequencies of oscillation: TMS-evoked alpha activity was decreased by cTBS whereas beta
activity was enhanced by iTBS. No effects were observed after sham stimulation.
Conclusions
Our data provide novel evidence showing that the cerebellum exerts its control on the cortex likely by
impinging on specific set of interneurons dependent on GABA-ergic activity. We show that cerebellar
TBS modulates cortical excitability of distant interconnected cortical areas by acting through common
temporal, spatial and frequency domains.
Figure 1
Local mean field power effects evoked from M1 (upper panels) and PPC (lower panels) cTBS (blue
line), iTBS (red line) and sham TBS (green line) over the cerebellum. Thick lines indicate significant
effects (p<0.025) of cTBS (blue) iTBS (red) and whether the two conditions significantly differed from
each other (black). Scalp maps depict the spatial distribution of activity in the common significant time
window.
Figure 2
TMS-related spectral perturbation plots of the TMS-induced oscillatory activity over M1 before (left
panels) and after (right panels) cTBS (upper panels) and iTBS (lower panels) over cerebellum. Middle
panels depict the spectral power for each frequency band before (black line) and 10 minutes after (red
line) TBS. Single-pulse TMS induced oscillatory activity lasting up to 150-200 ms mainly in the alpha
and beta range (7-30 Hz). Green boxes indicate significant differences between pre-TBS and postTBS in the oscillatory domain.
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Manipulation of connectivity in the dorsal attention network and its effects on attentional
control
*F. Duecker1, L. Schilberg1, A. Sack1
1Maastricht University, Cognitive Neuroscience, Maastricht, Netherlands
Introduction
Attention allows prioritizing those aspects of incoming sensory information that are most relevant to us.
Functional-anatomical models of attentional control emphasize the role of the dorsal attention network
(DAN), consisting of the frontal eye field (FEF) and intraparietal sulcus (IPS). The DAN is widely
accepted to mediate attention shifts but the functional organization within the DAN remains poorly
understood, in particular the functional relevance of its complex connectivity patterns.
Objectives
We set out to manipulate connectivity within the right DAN using paired associative stimulation (PAS),
thus experimentally assessing the functional relevance of connectivity within the DAN for attentional
control. PAS is a novel brain stimulation approach that involves the repeated application of
transcranial magnetic stimulation pulses with two coils targeting two interconnected brain areas that
has recently been established in the motor system and is here pioneered in the cognitive domain.
Methods
Nine participants first took part in an fMRI session to identify individual brain activation foci of right FEF
and right IPS. Then, PAS was applied to these brain regions in two sessions for 15 minutes at 0.1 Hz
followed by a spatial orienting paradigm requiring endogenous shifts of attention (valid, neutral, and
invalid trials). Critically, in the experimental condition a TMS pulse over FEF preceded a TMS pulse
over IPS by 8 ms (leading to neuroplasticity due to simultaneous activation of both brain areas)
whereas this interval was extended to 500 ms in our control condition (no neuroplasticity).
Results
PAS over the right DAN differentially affected attentional performance in a hemifield-specific way.
Specifically, attentional benefits were unaffected by PAS in both hemifields whereas attentional costs
were significantly increased in the left hemifield only.
Conclusion
We demonstrate that PAS over the right DAN has differential effects on attentional control processes,
strongly suggesting that PAS is capable of manipulating connectivity outside the human motor cortex.
While the specific pattern of results is somewhat unexpected (no effects on attention benefits), the
present experiment is a first step towards unravelling the functional relevance of connectivity in
cognitive brain networks.
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Adaptability and reproducibility of a memory disruption rTMS protocol in the PharmaCog IMI
European project
*P. Martin1, L. Lanteaume2, E. Solana3, C. Casse-Perrot2, S. Fernández-Cabello1, C. Babiloni4,5, N.
Marzano6, C. Junqué1, P. M. Rossini7, J. Micallef2, R. Truillet8, E. Charles9, E. Jouve9, R. Bordet10, J.
Valls-Solé11,3,12, S. Rossi13, A. Pascual-Leone14, O. Blin15, J. Richardson16, D. Bartrés-Faz1,3
1Unitat de Psicologia Mèdica, Departament de Medicina. Facultat de Medicina. Universitat de
Barcelona., Barcelona, Spain
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Marseille, France, France
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4Department of Physiology and Pharmacology, University of Rome "La Sapienza", Rome, Italy;
Department of Neuroscience, IRCCS San Raffaele Pisana, Rome, Italy, Italy
5IRCCS San Raffaele Pisana, Rome, Italy, Italy
6IRCCS SDN, Naples, Italy, Italy
7Department of Gerontology, Neurosciences & Orthopedics, Catholic University, Rome, Italy, Italy
8Public Assistance for Marseille Hospitals (APHM) Unit for Clinical Pharmacology and Therapeutic
Evaluation (CIC-UPCET), CHU Timone Hospital, Marseille, France, France
9CIC-UPCET, Timone University Hospital, AP-HM, UMR CNRS Aix-Marseille University, Marseille,
France, France
10University of Lille, Inserm, CHU Lille, U1171 – Degenerative and Vascular Cognitive Disorders, Lille,
France, France
11University of Barcelona, Barcelona, Spain
12EMG Unit, Neurology Department, Hospital Clinic,, Barcelona, Spain, Spain
13Dipartimento di Scienze Mediche, Chirurgiche e Neuroscienze, Brain Investigation &
Neuromodulation Lab. (Si-BIN Lab), University of Siena, Siena, Italy, Italy
14Berenson-Allen Center for Noninvasive Brain Stimulation and Division of Cognitive Neurology,
Department of Neurology, Beth Israel Deaconess Medical Center, Harvard Medical School, MA 02215,
Boston, USA, United States
15Mediterranean Institute of Cognitive Neurosciences, Aix Marseille University, Marseille, France,
France
16Neuroscience Therapeutic Area, GlaxoSmithKline R&D, Stevenage, UK, Great Britain
Introduction
The capacity of repetitive TMS to transiently interfere with cognitive processes in humans may offer an
experimental platform for pharmacological studies. Developing compounds could then be tested to
reverse artificially generated cognitive dysfunction, providing first hints of efficacy. In the FP7-IMI
European 'Pharmacog' Project, an rTMS protocol previously published in the literature, was adapted
and validated as a 'cognitive challenge model' to mimic episodic memory dysfunction occurring in early
Alzheimer’s disease. However, it would be desirable to test whether the effects of TMS are
comparable and reproducible across different centres and time-point assesments.
Objectives
Our main aims were, 1) to find out if visual memory interference through rTMS administration could be
replicated using our specific experimental settings and task adaptations (Figure 1), 2) to test if results
are comparable in two centres and 3) to investigate if the effects obtained are reproducible when
subjects are re-tested 15 days later.
Methods
68 healthy young male subjects were included. Neuronavigated (Figure 1) repetitive TMS was applied
over the left dorsolateral prefrontal cortex (LDLPFC) or the Vertex area (control condition) during
encoding of pictures, for latter memory recognition. Subjects attended one of two research centres in
three main occasions: On visit 1, rTMS was applied using a sham coil and served as a baseline
measure. On visit 2, real rTMS was administered. On visit 3, 15 days later, a subsample (N=21)
performed the same protocol to test for reproducibility of effects.
Results
A time (visit 1 vs visit 2) x TMS type (LDLPFC vs Vertex) ANOVA and posterior pairwise comparisons
revealed that only rTMS delivered over the LDLPFC and during visit 2 day resulted in a significant
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decrease in subsequent memory recognition (F=8.95, p=0.004; Figure 2a). No centre effect observed
(F=0.03, p=0.96). Initial rTMS effects could not be replicated in the subsample, (Figure 2b).
Conclusions
Our findings offers positive evidence regarding the feasibility of adapting a rTMS cognitive interference
protocol, to conduct new experimental research in separate independent institutions. The factors
underlying the lack of test-retest reproducibility of the interference should be further investigated.
Figure 1

Figure 2
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Heat Pain Threshold increases after dorsolateral prefrontal cortex (DL) rTMS, but not after
stimulation at other sites
*A.- C. Schmid1,2,3, J.- H. Chien2, C.- C. Liu2, J. D. Greenspan3, F. A. Lenz2
1University Medical Center Hamburg-Eppendorf, Brain Imaging and NeuroStimulation Lab, Hamburg,
Germany
2Johns Hopkins University, Department of Neurosurgery, Baltimore, United States
3University of Maryland, Department of Neural and Pain Sciences, Baltimore, United States
Introduction
There is accumulating evidence that transcranial magnetic stimulation (TMS) induces analgesic effects
undergoing experimentally induced pain. While the motor cortex (M1) is the most widely used cortical
target for TMS, also dorsolateral prefrontal cortex (DL) is targeted fairly regularly. As the medial
prefrontal cortex (MF) also plays a role in the experience of pain, we investigated the analgesic effects
of these three stimulation locations as well as a sham stimulation.
Methods
16 healthy participants age 23-66 (6 females) underwent a sham-controlled, within-subject, cross-over
design including 4 different stimulation sessions. We assessed the effects of 10 Hz neuronavigated
rTMS of 4 different stimulation sites on four thermal thresholds. Warmth detection (WDT), cold
detection (CDT), heat pain (HPT) and cold pain (CPT) threshold were assessed before and after
stimulation. The results for each stimulation site were sham corrected.
Results
Sham corrected, HPT differed between baseline and post stimulation in DL, but not in any other
stimulation location. The other thresholds (WDT, CDT, CPT) were not changed to a statisticaly
significant degree by stimulation at any site.
Discussion
Our preliminary results suggest that stimulation of DL, but not of M1 or MF, results in higher heat pain
thresholds compared to sham stimulation. This is consistent with the study of Borckard et al. 2007,
who found higher HPTs after 10 Hz DL rTMS. However we did not find so far an effect of M1
stimulation as Nahmias et al. 2009 had shown. We had expected to find an increase in pain thresholds
which did not occur after MF stimulation. No effects of the stimulation were found on detection
thresholds as had been shown in other studies. This suggests a specific influence of 10Hz rTMS over
DL on pain, but not on sensory thresholds.
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Dissecting the sense of agency by targeted low-frequency rTMS
*T. Popa1, R. Hunt1,2, N. Pasternack1,3, M. Hallett1, S. Meunier1,4
1NINDS, NIH, Human Motor Control Section, Bethesda, MD, France
2Oakland University, William Beaumont School of Medicine, Rochester, MI, United States
3University of Florida, Gainesville, FL, United States
4INSERM, U1127, Paris, France
Introduction
Voluntary actions are characterized by a feeling that the self is the cause of action (sense of agency,
SoA). SoA is created from efferent indicators (action prediction, body scheme) and afferent indicators
(visual feedback, proprioception). In case of congruency between indicators, experience of SoA
develops; in case of incongruence, the action is experienced as strange and non-self. Several areas
have been identified by meta-analyses (Syfnozik et al. 2008; Sperduti et al. 2011) as potentially
important for the generation of SoA.
Objectives
Here we tested to what extent the pre-supplementary motor area (pSMA) and the right and left angular
gyri (RAG, LAG) are involved in the SoA as assessed by “temporal binding” (TB) (Haggard et al.
2002).
Patients & Methods
Nineteen healthy, right-handed volunteers were enrolled, and randomly distributed in 3 groups of 10
subjects each. Each group had to estimate the time delay between a movement and a subsequent
sound in a test battery before and after 20 min of 1Hz rTMS (targeting 1 area/group). The test battery
consisted of 2 conditions: (VOL) the movement was a self-paced wrist extension and (EXP) the
movement was a passive extension of the wrist, pulled up by the experimenter. Each movement
triggered a sound via an accelerometer taped to the moving hand. Unknown to the subject, each
movement-sound delay was randomly chosen delay of 100, 400, 700, or 1000 ms; however, the
subjects were instructed to give their best guess on a continuous time-scale. The rTMS was applied
over one of the 3 areas of interest under individualized MRI-guided neuronavigation for 1200 pulses at
110% resting motor threshold.
Results
At baseline, we found TB at shorter delays, i.e., delays were estimated ~50ms shorter in VOL than in
EXP for 100 and 400ms. TB was eliminated by rTMS of pSMA (p
Conclusion
Pre-SMA and LAG are involved in agency, but in different ways: pSMA when incongruence between
indicators is maximal and LAG when congruence is maximal. It might be that pSMA is more involved
in SoA perception, while LAG is more related to SoA buid-up by matching the feedforward and
feedback.
Haggard et al, Nat Neurosci 2002
Syfnozik et al, Coscious Cogn 2008
Sperduti et al. Brain Struct Func 2011
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Effects of transcranial static magnetic field stimulation of the visual cortex on experimental
photophobia
V. Soto-Leon1, E. Lozano Soto1, S. Sabbarese1, B. A. Strange1, G. Foffani1, *A. Oliviero1
1Hospital Nacional de Parapléjicos, FENNSI Group, Toledo, Spain
Transcranial static magnetic field stimulation (tSMS) in humans reduces cortical excitability. The
objective of this study was to determine if tSMS was effective in reducing experimental photophobia.
We performed a sham-controlled crossover study. tSMS (or sham) was applied for 10 minutes with a
cylindric magnet on the occiput of 20 healthy subjects. We assessed subjective discomfort induced by
a blue-light with two different intensity presented in a dark room. Discomfort was rated from 0 to 10.
After few minutes of applications the tSMS reduced the discomfort induced by a blue-light with high
intensity. Our data indicate that the application of tSMS can be used to reduce the discomfort caused
by experimental photophobia.
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TMS-induced modulation of Default-Mode Network regional neurochemistry relates to
functional connectivity, brain structure and cognition in healthy aging
*K. Abellaneda-Pérez1, E. Solana2, D. Vidal-Piñeiro3, N. Bargalló4,5, S. Domènech6, A. Salvà6, J. VallsSolé7, M.- F. Kuo8,9,10, M. A. Nitsche8,9,10, A. Pascual-Leone11,12, *D. Bartrés-Faz1,2
1University of Barcelona, Department of Medicine, Barcelona, Spain
2Institute of Biomedical Research August Pi i Sunyer (IDIBAPS), Barcelona, Spain
3University of Oslo, Department of Psychology, Oslo, Norway
4Hospital Clínic de Barcelona, Magnetic Resonance Image Core Facility (IDIBAPS), Barcelona, Spain
5Hospital Clínic de Barcelona, Neuroradiology Section, Radiology Service, Centre de Diagnòstic per la
Imatge, Barcelona, Spain
6Autonomous University of Barcelona, Fundació Salut i Envelliment, Barcelona, Spain
7Hospital Clínic de Barcelona, EMG Unit, Neurology Service, Barcelona, Spain
8Georg-August-University, Department of Clinical Neurophysiology, Göttingen, Germany
9Leibniz Research Centre for Working Environment and Human Resources, Dortmund, Germany
10University Medical Hospital Bergmannsheil, Department of Neurology, Bochum, Germany
11Harvard Medical School, Berenson-Allen Center for Noninvasive Brain Stimulation and Beth Israel
Deaconess Medical Center, Boston, United States
12Autonomous University of Barcelona, Institut Universitari de Neurorehabilitació Guttmann, Badalona,
United States
The Default-Mode Network (DMN) is compromised in healthy aging and in several neurodegenerative
diseases. Glutamate and GABA are the main excitatory and inhibitory human neurotransmitters
respectively, and are highly implicated in neuroplasticity and brain activation, where N-acetyl-aspartate
(NAA) seems also to be involved. The aim of the present investigation was to determine if metabolite
concentrations of these neurochemicals can be modulated in core regions of the DMN in healthy
elderly. For this purpose we used a plasticity inducing TMS protocol, intermittent theta-burst
stimulation (iTBS).
Twenty-one cognitively healthy elderly (mean age: 67.29, SD: 4.88) were included. Individually-guided
neuronavigated iTBS was applied over the left inferior parietal lobe (IPL) in the middle of two Magnetic
Resonance Spectroscopy (MRS) acquisitions measuring GABA, Glx (Glutamate + Glutamine) and
total NAA (tNAA) concentrations. The MRS voxel was centered over the parietal cingulate cortex
(PCC). Subjects were randomly assigned to receive real (N=11) or sham (N=10) iTBS. A resting-state
functional Magnetic Resonance Imaging (rs-fMRI) acquisition and a high-resolution 3D sequence were
also acquired.
TNAA decreased significantly within the PCC after iTBS application (F=5.271, p=0.035; Fig. 1).
Greater neurochemical response to iTBS in posteromedial areas was related to 1) lower baseline rsfMRI connectivity between the stimulated area and the PCC region (r=-0.649, p=0.031; Stim-to-PCC in
Fig. 2), 2) reduced brain atrophy in different cortical regions (i.e. paracentral lobe: r=0.751, p=0.008),
and 3) better scores in a phonetic fluency task (r=0.663, p=0.026).
Our findings show that a TMS intervention is able to modulate tNAA concentrations from the
stimulation site to a distal DMN core area. Further, the magnitude of the observed neurochemical
modulation was related to baseline connectivity between these two areas, as with greater structural
brain integrity and better cognitive performance. Demonstration of experimentally-controlled
neurochemical modulation in key cortical areas opens the possibility of TMS to be used as a tool to
interrogate brain neurochemical changes in aging and in early neurodegenerative conditions.
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Figure 1

Figure 2
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Better tolerability and lower mean intensities favour higher-frequent stimulation as compared
to 10 Hz online-rTMS for language mapping: A test-retest reliability study in healthy volunteers
*J. Pieczewski1, C. Nettekoven1,2, V. Neuschmelting1, K. Thiele3, C. Grefkes2, R. Goldbrunner1, C.
Weiss Lucas1
1University Hospital of Cologne, Department of Neurosurgery, Cologne, Germany
2University Hospital of Cologne, Department of Neurology, Cologne, Germany
3University of Cologne, Human Sciences Faculty, Cologne, Germany
Objective
Mapping the cortical language representation and associated networks is not only of basic scientific
interest but can also help to maximize the extent of tumour resection whilst preserving important brain
functions as language. The use of navigated repetitive transcranial stimulation (rTMS) to depict cortical
sites crucially involved in language processing non-invasively is a rather novel approach, which has
shown promising results. However, specificity is rather low and the level of pain and discomfort during
stimulation seems to be rather high when applying the commonly used 10 Hz stimulation protocol.
Therefore, we here compared different rTMS protocols in order to test for discomfort/pain, test-retest
reliability, rate and site of distinct evoked language errors.
Methods
13 right-handed, healthy volunteers were investigated in 3 consecutive sessions (short-term: 2-5 days,
long-term: 21-40 days). 10 Hz, 30 Hz and 50 Hz rTMS were applied over the left hemisphere,
continuously covering facial (pre-)motor and language-related cortical areas. First, stimulation intensity
was adjusted to the lowest intensity required to disrupt rhythmic tongue movements when stimulating
over the hotspot of the primary motor representation (M1) of the tongue. This parameter was titled
„motor inhibition threshold“ (MIT) and was regarded suitable to mirror the efficacy of cortical inhibition.
Thereafter, online-rTMS was applied during a picture-naming task in a randomized sequence. Bursts
were triggered to picture presentation without delay (picture-to-trigger interval = 0). Errors were rated
by two independent raters using post-hoc video analysis and were categorised as follows: arrest,
delay, anomia, dysarthria, semantic and phonematic paraphasia. At the end of each exam, the
volunteers were asked to rate the mean and maximum level of discomfort on a 0-10 numeric rating
scale (NRS).
Results
Better tolerability was observed for the higher-frequency rTMS protocols (i.e., 30 & 50 Hz) than for 10
Hz rTMS. Moreover, 30 and 50 Hz rTMS reliably evoked tongue movement disruption (ICC=0.65) at
lower stimulation intensities compared to 10 Hz rTMS (p
Conclusions
Higher-frequency rTMS (i.e., 30 & 50 Hz) may allow for cortical inhibition at a more favourable paineffect relationship as compared to 10 Hz. Despite good test-retest reliability of the event rates, the low
repeatability of the cortical sites corresponding to distinct errors requires critical discussion.
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Asymmetric Interhemispheric Connectivity Between V5 Areas Drives Asymmetric Perception of
Motion: a ccPAS Study
*V. Romei1, E. Chiappini1,2, M. Soriano1,2, P. Hibbard1, A. Avenanti2
1University of Essex, Psychology, Colchester, Great Britain
2University of Bologna, Psychology, Bologna, Italy
The bistable motion quartet, an ambiguous motion stimulus, leads to either vertical or horizontal
motion perception, the latter requiring integration across hemispheres of the visual motion areas (V5).
We causally tested for the impact of V5 interhemispheric connectivity on horizontal motion perception
using a novel cortico-cortical Paired Associative Stimulation (ccPAS) dual coil TMS paradigm aimed at
inducing Hebbian plastic potentiation of the relevant neural circuit.
In exp 1 (n=16) we activated the V5 interhemispheric neural pathway across 4 ccPAS conditions.
Participants received Left-to-Right (L-R) and Right-to-Left (R-L) ccPAS (testing for the impact of
directionality on horizontal motion perception). The inter-stimulus-interval (ISI) of 25ms corresponded
to the optimal timing for the activation of V5 interhemispheric projections. Control conditions consisted
of simultaneous V5 stimulation (0ms ISI, controlling for timing) and sham stimulation (controlling for
unspecific TMS effects). Participants performed the task before (baseline) and after the ccPAS phase.
Results showed that both experimental (but not control) conditions enhanced horizontal motion
perception but asymmetrically, with L-R being more effective than R-L - thus suggesting an
interhemispheric asymmetry.
In exp 2 (n=56), we tested the potential impact of such asymmetry on movement perceptual bias.
Participants were presented with a counterphase grating stimulus, which contained no net motion in
any direction but induced a bistable perception of motion to the left or the right. Over 73% of the
participants reported a bias towards leftward motion.
In exp 3 (n=16) we directly tested whether this leftward bias depends on asymmetric interhemispheric
connectivity, by applying R-L V5 ccPAS and found that the leftward apparent motion was reversed.
In sum, ccPAS can causally test functional models of brain connectivity. Applied over 2 functionally
connected visual regions, ccPAS biases visual processing depending on the stimulation parameters.
Directionality of stimulation highlighted for the first time an asymmetry in the way V5 areas causally
interact during motion perception. This demonstrates the functional relevance and plasticity of
interhemispheric interactions in the integration and perception of motion stimuli.
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Localizing the effects of anodal tDCS: a TMS-EEG study
*L. J. Romero Lauro1, A. Pisoni1, M. Rosanova2, G. Mattavelli1, N. Bolognini1,3, G. Vallar1,3
1University of Milano-Bicocca, Pychology, Milano, Italy
2University of Milano, Department of Biomedical and Clinical Sciences “L. Sacco”, Milano, Italy
3IRCCS Istituto Auxologico Italiano, Laboratory of Neuropsychology, Milano, Italy
Introduction
In the last decade, transcranial direct current stimulation (tDCS) has been increasingly used in
experimental and clinical settings. Nevertheless, its neurophysiological underpinnings still remain
unclear. Moreover, under debate is how and to what extent these effect spread through brain
pathways.
Objectives
In this study, we explored local and global cortical excitability and time-frequency modulation after
active and sham tDCS by means of an integrated Transcranial Magnetic Stimulation and
Electroencephalography (TMS-EEG) system.
Materials and Methods
Fourteen healthy subjects took part in the experiment. Single pulse TMS was delivered over the left
posterior parietal cortex (PPC), before, and after 15 min of anodal tDCS over the right PPC. 180 trials
was delivered in each session, while EEG was concurrently recorded from 60 channels. Six subjects
performed an additional session receiving sham tDCS. For each session, indexes of global and local
cerebral excitability were obtained, computed as global and local mean field power (GMFP and LMFP)
on mean TMS-evoked potentials (TEPs). LMFP were computed in six clusters of electrodes placed
over the left and right frontal, parietal and temporal regions. Additionally, source analysis was
performed computing Significant Current Density both globally and locally on Brodmann areas 6, 7
and 21. Moreover, we computed and index for Current Spread, to estimate where the current peak
occurred in the pre and post stimulation conditions. Finally, time-frequency analyses were run to
investigate how the natural frequencies of the stimulated area were affected by tDCS.
Results
Concerning results recorded at the sensor level, GMFP increased, compared to baseline, after active
tDCS, while no difference was found between pre and post sham tDCS. LMFP increased after the end
of stimulation in parietal and frontal clusters bilaterally, while no difference was found in the temporal
clusters. Source modeling confirmed GMFP and LMFP results. Frontal and parietal regions (namely
BA 6 and 7) increased in cortical current density after real tDCS.
Conclusion
Anodal tDCS induces a widespread increase of cortical excitability, both during and after the end of
the stimulation, modulating a fronto-parietal network, likely following structural connections.
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The time course of functional recruitment of dorsolateral prefrontal cortex during interference
control
D. Redolar-Ripoll1, R. Viejo-Sobera2,1, M. Palaus1, A. Valero-Cabre3,4, *E. M. Marron1
1Universitat Oberta de Catalunya, Cognitive NeuroLab, Barcelona, Spain
2Massachussets General Hospital , Laboratory for Neuropsychiatry and Neuromodulation, Boston,
Spain
3Université Pierre et Marie Curie, CNRS UMR 7225-INSERM UMRS S975, Centre de Recherche de
l'Institut du Cerveau et la Moelle (ICM), Paris, France
4Boston University School of Medicine, Laboratory for Cerebral Dynamics Plasticity & Rehabilitation,
Boston, France
Introduction
On the basis of neuroimaging (fMRI) and electrophysiological (EEG) evidence, the cascade-of-control
model developed for executive processing predicts an early involvement of the dorsolateral prefrontal
cortex (DLPFC) in selecting task relevant information, whereas the dorsal anterior cingulate cortex
would be involved at later-stages on response related processes. Notwithstanding, the time course of
the functional recruitment of the DLPFC hasn’t been causally verified. Here, we applied TMS to
interfere DLPFC activity during top-down processing at different temporal windows.
Objective
To assess the critical time epochs characterizing the recruitment of DLPFC during interference control.
Materials & Methods
On-line TMS was applied over left DLPFC or vertex of 19 healthy controls while performing a
computerized Stroop task. TMS trains of 4 pulses every 50 ms (20 Hz) were delivered post-stimulus
onset, at one of 3 different time points (50 ms, 250 ms or 450 ms). The active stimulation trials were
interleaved with no TMS trials. The four pulses trains were selected to interfere with cognitive
processing during a 200 ms critical period defined by prior EEG literature using a similar task. Three
types of visual stimuli were presented: congruent (matching color-word), incongruent (non-matching
color-word) and neutral (a series of X).
Results
On the left DLPFC, when TMS bursts were delivered at 250 and 450 ms after the onset of incongruent
stimuli, reaction times were significantly longer compared to when these same patterns were applied
50 ms post stimulus onset. No other significant differences were observed when stimulation was
applied on this site. In the vertex TMS condition we found significant differences for neutral stimuli
when pulses where delivered 450 ms following stimulus onset, as compared to the other time windows
and to no TMS stimulation trials.
Conclusions
In agreement with the cascade-of-control model and correlational EEG evidence, the DLPFC
contributes causally to the management of cognitive conflict at early stages of processing (250ms).
Nevertheless, our results suggest that the DLPFC activity is also relevant 450 ms following the
presentation of the stimulus. Stimulation over the vertex induced an interference likely on the
execution of motor responses to neutral stimulus.
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Effects of inhibitory theta burst TMS to different brain sites involved in visuospatial attention a combined neuronavigated cTBS and behavioural study
T. Platz1, J. Schüttauf1, J. Aschenbach1, C. Mengdehl1, *M. Lotze2
1BDH-Klinik , Greifswald, Germany
2University of Greifswald , Functional Imaging , Diagnostic Radiology, Greifswald, Germany
Purpose and methods
The study sought to alter visual spatial attention in young healthy subjects by a neuronavigated
inhibitory rTMS protocol (cTBS-600) to right brain areas thought to be involved in visual attentional
processes, i.e. the temporoparietal junction (TPJ) and the posterior middle frontal gyrus (pMFG), and
to test the reversibility of effects by an additional consecutive cTBS to the homologue left brain cortical
areas.
Results
Healthy subjects showed a leftward bias of the egocentric perspective for both visual-perceptive and
visual-exploratory tasks specifically for items presented in the left hemifield. cTBS to the right TPJ, and
less systematically to the right pMFG reduced this bias for visuo-spatial and exploratory visuo-motor
behaviour. Further, a consecutive cTBS to the left TPJ changed the bias again towards the left for a
visual-perceptive task.
Conclusions
The evidence supports the notion of an involvement of the right TPJ (and pMFG) in spatial visual
attention. The observations further indicate that inhibitory non-invasive brain stimulation (cTBS) to the
left TPJ has a potential for reversing a rightward bias of spatial attention when the right TPJ is
dysfunctional. Accordingly, the findings could have implications for therapeutic rTMS development for
right brain damaged patients with visual neglect.
Keywords
neglect, cortex, transcranial magnetic stimulation, spatial attention, exploration, egocentric, allocentric,
temporoparietal junction, TPJ, middle frontal gyrus, MFG
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Defining the importance of domain-general brain systems in language processes using
transcranial magnetic stimulation.
*M. Sliwinska1, I. Violante1, A. Hampshire1, R. Leech1, J. Devlin2, R. Wise1
1Imperial College London, Medicine, London, Great Britain
2University College London, Experimental Psychology, London, Great Britain
There is now good evidence indicating that domain-general brain systems play a central role in various
language processes, and potentially in the recovery from post-stroke aphasia. Part of the so-called
salience network, consisting of adjacent areas in the midline superior frontal gyrus (SFG) and dorsal
anterior cingulate cortex (dACC), forms a core component of these distributed systems. This study
was designed to collect proof-of-principle data on healthy individuals, prior to a study on post-stroke
aphasia, to assess whether cortical stimulation applied to this midline frontal brain region can influence
vocabulary learning. Fifteen volunteers participated in two separate transcranial magnetic stimulation
(TMS) sessions. During each session they received off-line TMS for 10 min at a frequency of 1Hz, with
intensity set to 55% of the maximum stimulator output. In the first session, TMS was applied to the
midline SFG (x=-4; y=12; z=64) and participants performed a novel vocabulary-learning task, in which
they learnt associations between ten non-words and ten well-known objects. Without prior training,
participants were asked to judge whether a novel heard non-word was the ‘correct’ name for an object
they saw on a screen. After each trial they received feedback on their performance, which trained
them in the arbitrary object-word associations over repeated trials. Participants performed two runs of
this task (with and without TMS). Each run consisted of five blocks, including trials with both correct
and incorrect word-picture associations. The control task involved determining whether a heard real
object word was correctly paired with a picture of a common object, and also involved a ‘yes-no’
decision on word-picture associations but in the absence of new vocabulary learning. In a separate
session, participants performed the same learning task, but after TMS had been applied to a more
posterior midline control site (x=0; y=-24; z=74). There was improved accuracy and faster responses
in the first two blocks of the learning task when stimulation was applied to the midline SFG (Figure 1).
These results were specific to the learning task and stimulation of the midline SFG, since TMS did not
alter performance in either the control word-picture association task or learning associations between
non-words and pictures after stimulation of the more posterior site. The result justifies a study in poststroke aphasia, to determine whether stimulation of the SFG improves vocabulary relearning after
aphasic stroke.
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Identification of parietal and frontal cortical regions of the human brain that contribute to
perceptual conflict by causal TMS
*F. I. Kandil1,2, B. Olk3,2, C. C. Hilgetag1,4
1Universitätsklinikum Hamburg-Eppendorf, Inst Comp Neuroscience, Hamburg, Germany
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3Department of Applied Psychology, Döpfer University of Applied Sciences, Applied Psychology,
Cologne, Germany
4Boston University, Health Science, Boston, MA, USA
The dorsal fronto-parietal attention network of the human brain plays a central role in tasks with
conflicting visual stimuli, such as the flanker task. It is assumed to mediate spatial attention on the
target and the distractor and thus influence the saliency of the target and resulting response times
(RT) of subjects. Here we causally localized contributing ‘hot spots’ within the parietal and frontal
cortical regions of the network using online Transcranial Magnetic Stimulation (TMS).
Using a visual flanker task, subjects (n=12) were instructed to identify a central target ('>' vs '
Subjects responded faster to congruent than incongruent stimuli, indicating the presence of a flanker
effect. Subject-specific hot spots were identified where TMS pulses significantly reduced the flanker
effect for contralateral but not ipsilateral flankers. One, or two adjacent, hot spots were identified for all
subjects in parietal as well as frontal regions.
We conclude that online TMS can selectively disrupt attentional control of the contralateral visual field
and identify contributing cortical hot spots with high spatial precision.
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Variation during the day of the TMS-EEG evoked potential
*E. ter Braack1, A. de Goede1, M. van Putten1,2
1University of Twente, Clinical Neurophysiology, Enschede, Netherlands
2Medisch Spectrum Twente, Clinical Neurophysiology, Enschede, Netherlands
Introduction
When applying concurrent TMS-EEG, a characteristic waveform - the TMS evoked potential (TEP) can be measured. The amplitude of an early TEP component (~20 ms) increased with time awake in
healthy subjects (Huber 2012), and long intracortical inhibition (LICI) decreased (Lang 2011), both
suggesting an increase in excitability during the day. Excitability was found to be higher in the morning
compared to the evening in generalized epilepsy patients (Badawy 2009). For TMS to be of clinical
diagnostic use, these diurnal changes should be smaller than the difference in response between
epilepsy patients and controls. We studied the influence of the time of day on the overall TEP in
healthy controls, using five sessions on one day.
Objectives
To study the variation of the TEP during the day when stimulating the motor and visual cortex.
Subjects & Methods
TMS-EEG was recorded in 15 healthy subjects using a Magstim Rapid 2 stimulator and a 64-channel
EEG amplifier (ANT Neuro, Enschede). TMS was targeted at four brain regions: left and right motor
cortex (MC), and left and right Brodmann area 19 (B19). At each target, we administered 75 pulses at
an intensity of 110% resting motor threshold. Subjects were stimulated during five sessions in one day
(8:00 AM, 10:30 AM, 13:00 PM, 15:30 PM and 18:00 PM) while keeping the stimulation intensity
constant. Trials were averaged to obtain the TEP. We compared the TEP waveforms between the five
sessions with a cluster-based permutation analysis using a dependent t-test and correcting for multiple
comparisons (Bonferroni).
Results
TEPs with components N15, P30, N45, P60, N100 and P180 were present in all subjects after
stimulating the MC. The TEP after B19 stimulation consisted of the components N5, P25, N40, P50,
N75, P120, N160 and P200. There were no significant differences between the five sessions for both
MC and B19 stimulation.
Conclusion
The TEP is highly reproducible during the day. We found no significant variation of the overall TEP
between multiple sessions on one day.
Huber et al. Cereb Cortex 2012;23(2):332-338
Lang et al. Cereb Cortex 2011;21(10):2299-2306
Badawy et al. Neurology 2009;73(3):218-222
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The effect of intermittent theta burst stimulation over the prefrontal cortex on resting-state
fronto-striatal connectivity
*I. Effnert1, K. Sakreida2, F. Mottaghy3, F. Binkofski1
1Uk Aachen, Neurology, Aachen, Germany
2Uk Aachen, Neurosurgery, Aachen, Germany
3Uk Aachen, Nuclear Medicine, Aachen, Germany
Fronto-striatal loops play a role in various cognitive and emotional processes. Intermittent theta burst
stimulation (iTBS) has been shown to increase regional excitability and functional connectivity of
connected areas (Huang, 2005). The choice of an optimal TMS intensity, which is interlinked with
ethical and practical issues such as pain and muscle twitches, has not been explored in detail. Also,
the role of white matter tracts in functional connectivity has often not been taken into account.
We therefore applied iTBS with different intensities and methods of determing the exact stimulation
sites to systematically test optimal parameters combining strong fronto-striatal activity with minimal
adverse effects.
Healthy subjects underwent excitatory iTBS at different intensities (90% and 120% of individual resting
motor threshold). The protocol consisted of 600 pulses (3.33min) and was applied over the left
prefrontal cortex (lPFC). Directly before and 7min after stimulation a task-free resting state functional
MRI scan was conducted. The stimulation site was determined anatomically, taking into account white
matter tracts. This was done by finding individual tracts connecting the left caudate with the lPFC
using DSI studio (Yeh et al., 2013). Resting state data was denoised using FSL’s MELODIC
(Jenkinson et al., 2012) and analysed using DPABI (Chao-Gan, 2014), with the caudate and the
stimulation sites as seed regions.
Our findings suggest that a sub-threshold stimulation intensity of 90% is sufficient to induce changes in
functional connectivity of the fronto-striatal network, when stimulation is applied over the lPFC.
Furthermore, stimulation effects might be increased by determining an individual stimulation site based
on DTI-tracts, rather than using only macro-anatomical landmarks. By using sub-threshold intensities
adverse effects such as pain and head movements due to muscle twitches can be reduced or avoided.
Huang, Y. Z., Edwards, M. J., Rounis, E., Bhatia, K. P., & Rothwell, J. C. (2005). Theta burst
stimulation of the human motor cortex. Neuron, 45(2), 201-206.
Jenkinson, M., Beckmann, C. F., Behrens, T. E., Woolrich, M. W., & Smith, S. M. (2012). Fsl.
Neuroimage, 62(2), 782-790.
Yeh, F. C., Verstynen, T. D., Wang, Y., Fernández-Miranda, J. C., & Tseng, W. Y. I. (2013).
Deterministic diffusion fiber tracking improved by quantitative anisotropy. PloS one, 8(11), e80713.
Chao-Gan, Y. A. N. (2014). DPABI: a toolbox for Data Processing & Analysis of Brain Imaging.
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Neuropsychological Tasks with Theta Burst Transcranial Magnetic Stimulation
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2Massachussets General Hospital , Laboratory for Neuropsychiatry and Neuromodulation, Boston,
Spain
3Université Pierre et Marie Curie, CNRS UMR 7225-INSERM UMRS S975, Centre de Recherche de
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Introduction
Theta burst stimulation (TBS) protocols hold high promise in neuropsychological rehabilitation thanks
to its ability to induce lasting effects on cortical excitability following a short delivery time.
Nevertheless, its ability to inhibit (continuous protocol, cTBS) or facilitate (intermittent, iTBS) brain
function from cortical areas other than the motor cortex remains to be fully established. The behavioral
effects of TBS over the dorsolateral prefrontal cortex (DLPFC) are particularly interesting given its
involvement in working memory and executive processing, often impaired after brain injury, and also
due to its role of hub of frontal areas, for which it is frequently chosen as a target for treatment and
rehabilitation.
Objective
To explore the ability of cTBS and iTBS to modulate working memory and executive functions
assessed with clinical neuropsychological tasks.
Materials & Methods
36 healthy participants performed 3 clinical neuropsychological tasks: Digits Backward, Stroop test
and Tower of Hanoi (Fig. 1). Subjects were assessed twice, first at baseline 1 week prior to stimulation
and immediately following a single session of either active cTBS, active iTBS or sham TBS, delivered
to the left DLPFC.
Results
Following sham TBS participants’ performance improved in the Stroop test, with higher scores in Color
and Color-Word conditions, as well as lower interference scores (Fig. 2), likely caused by practice
effects. Both, iTBS and cTBS, yielded improvements in the Digits Backward task and the Word score
of the Stroop test. Moreover, similarly to the sham group, following iTBS participants showed lower
Interference scores. In contrast, expected improvements in color score were not induced. Finally,
cTBS decreased the number of movements necessary to complete the Tower of Hanoi. Nonetheless,
at difference with the sham group, no improvements were observed in the Interference score of Stroop
test.
Conclusions
TBS over DLPFC modulates working memory performance and executive processes. Both protocols
resulted in similar working memory and information processing speed outcomes, whereas their effect
on executive functions differed: cTBS impaired inhibitory control but improved planning abilities in a
spatial task, meanwhile, no specific effects were observed following iTBS.
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Figure 2
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Working Memory Enhancement in Young and Older Adults Using rTMS
*B. Luber1, S. Davis2, S. H. Lisanby1
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2Duke University, Psychology and Neuroscience, Durham, United States
Question
A great deal of the cognitive decline due to aging can be explained by decline in working memory
(WM). Our previous work has demonstrated a TMS paradigm which has enhanced WM performance
in young adults and has remediated WM deficits in the context of sleep deprivation.
Methods
Here, following an initial fMRI session to obtain individual cortical targets, two groups, older adults
(N=17) and younger adults (N=17), performed a delayed-match-to-sample WM task while 5 Hz rTMS
was applied during the 7s delay period in the task. As part of a repeated measures design, across four
TMS sessions each subject received active or sham rTMS, targeted to either left lateral occipital
complex (LOC) or left premotor cortex (PMC) using individualized fMRI targeting.
Results
There were Site x TMS interactions for both %Correct and reaction time (RT) (p < 0.025 for both
measures) across both groups. Both groups showed speeded RT relative to sham (p< 0.05) with LOC
stimulation, while showing slowed RT and lower accuracy with stimulation to PMC. In a second follow
up experiment, rTMS was applied to PMC prior to task onset instead of during the delay period, using
the same subjects, who were brought back for two sessions of active and sham TMS. This time,
instead of disrupted performance, young but not older adults showed enhanced accuracy and RT
(both p < 0.025) with PMC stimulation.
Conclusions
The opposing results of PMC stimulation prior to task onset or during the delay period demonstrate the
sensitivity of task phase as to when to apply TMS to produce cognitive enhancement. Our
interpretation of the results is that TMS to PMC during the delay period most likely disrupted ongoing
verbal rehearsal, a phonological loop process known to rely on this region, while stimulation prior to
such processing augmented that processing in young adults. For LOC, TMS during the delay period
likely enhanced processing occurring during the test phase of the WM task in both age groups.
Processing in the LOC may act as part of the visuo-spatial scratchpad, which, along with the
phonological loop, are two components of WM suggested by Baddeley in his model of WM. These
results encourage our continuing work to use TMS to remediate WM deficits found with aging.
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A novel approach to neuromodulation using transcranial magnetic stimulation-based
neurofeedback.
*K. Ruddy1, N. Wenderoth1
1ETH Zurich, Health Science and Technology, Zurich, Switzerland
Introduction
Various transcranial brain stimulation techniques have been used in an attempt to modulate excitability
of the human corticomotor system, often with weak or mixed results. To date, there exists no reliable
method to robustly upregulate or downregulate the output of the motor system.
Objectives
Using a novel neurofeedback approach, our goal was to train participants to achieve endogenous
neuromodulation by making them consciously aware of the size of their motor evoked potentials
(MEPs) in response to transcranial magnetic stimulation (TMS). The goal was to harness experimental
control over the excitability of the motor system, in order to investigate the oscillatory brain activity that
mediates these states, using electroencephalography (EEG).
Materials and Methods
Separate sessions were carried out for ‘upregulation (UP)’ and ‘downregulation (DOWN)’ of MEP
amplitude. In the UP condition subjects were rewarded for larger than average first dorsal
interosseous (FDI) MEPs, with visual feedback showing amplitude as a green bar, a positive soundbyte, and a small financial incentive. Smaller than average MEPs were not rewarded, a red bar
displayed the amplitude, and a negative sound-byte was heard. The reverse occurred in the DOWN
sessions. Background muscle activity was monitored throughout and each trial would not begin until
muscles were sufficiently relaxed. The final blocks of training occurred during simultaneous EEG
recording.
Results
MEP amplitudes in the muscle from which neurofeedback was provided were significantly altered from
baseline by the end of 120 training trials (p=0.002). Additionally, MEP amplitudes remained altered
(UP or DOWN) following training when neurofeedback was removed (p<0.001). No changes in MEP
amplitude occurred in a nearby control muscle which was not providing neurofeedback. Preliminary
EEG data collected during upregulation and downregulation suggests that these two states are
mediated by distinct oscillatory signatures.
Conclusion
Our approach uses brain stimulation in a non-traditional way to achieve robust endogenous
neuromodulation. Using this method to harness experimental control over the excitability of the motor
system opens many possibilities for future investigations of how altered brain state influences motor
behaviour.
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Neural and functional bases of error monitoring: a TMS study
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Error monitoring is essential both to detect when an action deviates from a goal and to implement
post-error adjustments. In speeded response tasks, individuals typically slow down following errors,
probably to prevent future errors. This slowing is called post error slowing (PES) and it is one of the
main behavioural measures of error monitoring. According to the cognitive control theory (Botvinick et
al., 2001), PES reflects a measure of how well individuals can learn from own errors in order to adjust
cognitive resource allocation.
In the present study, we investigate the neural bases of error monitoring, studying in detail the role of
the right and left dorsolateral prefrontal cortex (DLPFC) in PES manifestation. In a first pilot study,
seven young adults (mean age: 25.8 years) were assessed with a modified version of the error
awareness task (EAT, Hester et al., 2005). A single-pulse transcranial magnetic stimulation (spTMS)
was applied on both the right and left DLPFC, and on a control area (vertex), during task execution.
Pulses were delivered at different times after an error commission (50 or 200 ms). Moreover, after
some errors no TMS pulse were delivered (TMS-off condition).
Results show that PES was present in both the TMS-off condition and when the TMS pulse was
delivered after 200 ms. Interestingly, when TMS pulse was delivered on the left DLPFC after 50 ms
from the error commission, PES disappeared. This time-based effect of TMS is in line with the
electrophysiological literature, in which error monitoring is associated with the error related negativity
(ERN), a fronto-central component that appears after 50-100 ms after an error, and that is considered
a first physiological manifestation of error-related processing. In our study, the TMS pulse delivered at
50 ms on the prefrontal areas might have selectively impaired the post-error adjustment processes
associated with the ERN. Finally, our results seem also in line with some clinical evidences in which
patients with frontal brain lesions present reduced PES (Molenberghs et al., 2009).
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Reduced Corticospinal Inhibition and Increased Synergistic Muscle Strength Following Crosseducation Strength Training.
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Introduction
Strength training one muscle has been shown to increase strength in the opposite, untrained
homologous muscle, a phenomenon known as cross-education. The mechanisms underpinning the
cross-education of strength are thought to occur via increased corticospinal excitability and reduced
intracortical inhibition within the ipsilateral motor cortex. However, it remains unclear as to whether the
cross-education effect is also observed in synergistic muscles and whether there are motor cortical
changes to synergist muscles following cross-education strength training We tested the hypothesis
that the magnitude of cross-education would be present in the untrained homologous muscle as well
as the untrained synergist muscle following unilateral strength training and that there would be
increases in corticospinal excitability and reduced intracortical inhibition confined to the ipsilateral
corticospinal pathway.
Method
Transcranial magnetic stimulation was used to measure corticospinal responses of the contralateral,
untrained wrist flexor following three weeks of unilateral, isotonic bicep training. All participants (control
and strength training group) were tested for corticospinal excitability (MEP recruitment curve),
corticospinal inhibition (Cortical silent period recruitment curve), and strength of the biceps brachii and
flexor carpi radialis (wrist flexor) of both limbs, before and after the intervention.
Results
Following three weeks of heavy-load, unilateral, isotonic bicep training, there was a 10.82% increase
in the strength of the contralateral, untrained wrist flexor (p = 0.01), accompanied by significant
reductions in corticospinal inhibition (9.09-9.80%, p = 0.02). Corticospinal excitability of the untrained
wrist flexor remained unchanged following training (p = > 0.05), and no significant changes were
detected for any variable in the control group (all p = > 0.05).
Conclusions
These findings show that the motor performance benefits of cross-education are not simply confined to
the homologous muscle of the untrained limb, but are indeed synergistic.
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Cerebellar tDCS effects on the adaptation of arm reaching movements to force-field and
visuomotor perturbations
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Introduction
Studies with transcranial direct current stimulation (tDCS) have shown that anodal tDCS of the
cerebellar hemispheres leads to faster adaptation of arm reaching movements to visuomotor rotation
and force field perturbations in healthy subjects (Galea et al., 2011; Herzfeld et al., 2014).
Objectives
The first aim of the present study was to replicate the findings mentioned above. The second aim was
to investigate whether tDCS effects differ depending on the onset of stimulation, that is during or after
an initial baseline phase.
Patients and Methods
A total of 120 healthy and right-handed subjects (60 females, aged 18-31 years, mean 23.2 ± 2.7)
were tested. Subjects moved a cursor with a two-joined manipulandum to one of eight targets
presented on a screen. There were three baseline blocks, one adaptation block and three washout
blocks. 60 subjects performed a force field (FF) task, 60 subjects a visuomotor adaptation task (VM).
During the adaptation block, a velocity-dependent clockwise perpendicular force (23 N · m -1 · s-1) was
applied in FF and a 30° clockwise rotation in VM. Equal numbers of subjects received anodal,
cathodal or sham stimulation over the right cerebellum beginning either in the third baseline or in the
adaptation block. The maximum error (ME), final error (FE) and perpendicular velocity 55ms after
movement onset (PV) were assessed.
Results
During FF and VM adaptation subjects significantly improved regarding ME, FE and PV (p < 0.001,
analysis of variance with repeated measures). There were no significant effects of stimulation, no
significant effects of onset of stimulation and no significant interactions (all p-values > 0.05). The same
was true for the washout blocks.
Conclusion
Our results show that prior possible clinical application, future experiments are needed to determine
which cerebellar tDCS and task parameters lead to robust tDCS effects.
Funded by ELAN and DFG TI 239/16-1
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learning: the motor cortex retains what the cerebellum learns, Cerebral cortex. 21: 1761-1770.
Herzfeld, D. J. et al. (2014) Contributions of the cerebellum and the motor cortex to acquisition and
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Introduction
Modulation of cortical plasticity with repetitive transcranial magnetic stimulation (rTMS) has become a
popular method of neuromodulation in both clinical and non-clinical populations. In particular, complex
pattern rTMS such as intermittent theta burst stimulation (iTBS) has been shown to induce long lasting
effects. However, the biological mechanisms underpinning rTMS induced plasticity remains poorly
understood.
Objectives
Rodent models offer the potential to investigate not only the behavioural, but also the structural and
molecular mechanisms induced with stimulation. This study examined changes in skilled motor
behaviour and structural reorganisation at the synaptic level following iTBS to the motor cortex.
Methods and Materials
We use a rodent-specific TMS circular coil (8 mm outer diameter) to deliver iTBS (600 pulses) over the
motor cortex of awake adult male mice. For motor learning paradigms, C57Bl6/J mice receive daily
iTBS or sham immediately prior to (n=16 per group) or after (n=8 per group) skilled pellet-reaching
training for 10 days. In a separate group; Thy1-GFPM mice (n=5) underwent cranial window insertion
overlying the right motor cortex to enable visualisation of excitatory cortical neurons in the upper layers
of the motor cortex. Images of synaptic structures were collected at regular intervals before and after
iTBS and analysed for alterations in connectivity resulting from stimulation.
Results
Priming iTBS increased skill accuracy by 8.5% ± 3.4 (p=0.02) but did not alter the rate of learning
(p=0.24). Preliminary analysis shows that consolidation iTBS did not alter skill accuracy (p=0.25) or
the rate of learning (p=0.12). A single session of iTBS decreased dendritic spine density at 24hrs (-7%
p=0.015) and 48 hrs (-9% p=0.001) post-stimulation which returned to baseline levels by 7 days poststimulation (p=0.2).
Conclusions
These results show that rTMS induces both behavioural and structural plasticity in the motor cortex.
Priming iTBS had a non-homeostatic interaction with motor behaviour whilst iTBS alone transiently
decreased dendritic spine density. These result aid in the understanding of rTMS induced plasticity
mechanisms which is essential in the optimisation of rTMS to treat neurological disease and disorders.
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The effect of transcranial direct current stimulation on motor sequence learning and upper limb
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Introduction
Transcranial direct current stimulation (tDCS) is a safe and non-invasive brain stimulation technique
with the potential to improve upper limb function after stroke. Ipsilesional primary motor cortex (M1)
excitability can be increased with anodal tDCS, contralesional M1 excitability can be decreased with
cathodal tDCS or both anodal and cathodal tDCS can be used simultaneously on both cortices
(bihemispheric). The impact of these different electrode arrangements on the efficacy of tDCS, and
whether any of the changes are due to callosal connections between cortices, is unclear.
Objectives
This study aimed to investigate the effect of tDCS electrode arrangement on motor sequence learning
and upper limb function in chronic stroke survivors.
Patients and Methods
21 stroke survivors (range 3 - 124 months post-stroke, 34 - 81 years of age) with upper limb
impairment received 20 minutes of 1 mA tDCS (0.04 mA.cm -2) during performance of a motor
sequence learning task which involved movement of a computer mouse with the paretic arm to circular
targets on a monitor in a repeating pattern. Four tDCS conditions were studied in a repeatedmeasures design; i) anodal to the ipsilesional M1, ii) cathodal to the contralesional M1, iii)
bihemispheric and iv) sham. Upper limb function was assessed before and after tDCS, using the
Jebsen-Taylor hand function test (JTT). Changes in transcallosal inhibition (TCI) were assessed using
transcranial magnetic stimulation (ipsilateral silent period duration).
Results
There was no effect of tDCS condition on performance of the motor sequence learning task.
Performance on the JTT improved significantly after unilateral tDCS (anodal or cathodal) compared to
sham (p < 0.05), but not after bihemispheric (Fig 1). There was no effect on TCI (p > 0.5), and no
relationship between changes in TCI and upper limb function.
Conclusions
Unilateral, but not bihemispheric, tDCS improves upper limb function. The response to tDCS does not
appear to be driven by changes in TCI. These results have implications for the use of tDCS for upper
limb rehabilitation.
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Introduction
Studies investigating whether transcranial direct current stimulation (tDCS) can improve impaired
cognition and learning in ageing are still sparse. This study assessed whether tDCS can improve
learning and long-term maintenance of a novel vocabulary in healthy ageing.
Method
We employed a prospective, randomised, double-blind, sham-tDCS controlled design. 40 older
participants were trained over five consecutive days to learn associations between “space alien”
pictures, a proper name, and two semantic attributes. tDCS was administered daily with 1 mA to the
left inferior frontal gyrus for either 30 seconds (sham-tDCS) or 20 minutes (anodal-tDCS). Recall and
forced-choice name and attribute recognition performance was assessed daily before (offline effects)
and after (online effects) each training session, and at 24 hour, 1 week, and 3 month follow-up time
points.
Results
Participants in both stimulation groups (N=20 anodal-tDCS; N=20 sham-tDCS) successfully acquired
the novel vocabulary (70% correct recall at day five). Participants in the anodal-tDCS group, showed
steeper learning curves than participants in the sham-tDCS group (29% more pronounced gains after
day five). No significant online effects were found across the learning phase. However, the anodaltDCS group showed enhanced offline effects compared to participants trained with sham-tDCS.
Recognition of names and attributes was significantly better across the training period and those
effects were maintained during the short- and long-term follow-up assessments. Interestingly, this
effect was driven by participants with low learning ability at baseline.
Conclusions
Our results suggest that anodal-tDCS administered to the left inferior frontal gyrus over five
consecutive days may be a viable tool to enhance learning ability in advanced age. Importantly,
beneficial effects were mainly found for offline testing and in participants with low learning ability. Such
findings might also be relevant for treating elderly patients with incipient neurodegenerative disorders.
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Procedural learning is crucial in everyday life; it underlies the acquisition of motor, cognitive, as well as
social skills. Previous studies highlighted the supporting role of the right dorsolateral prefrontal cortex
(DLPFC) in this process; however, the role of the left DLPFC remained controversial.
In the present study we investigated the effect of left, right and sham anodal transcranial direct current
stimulation (tDCS) of the DLPFC on a probabilistic sequence learning task which was performed by
healthy young adults.
We found that stimulation over the left hemisphere disrupted learning compared to both sham and
right stimulation.
This result is in line with previous findings highlighting an interhemishperic asymmetry in the role of the
DLPFCs in probabilistic sequence learning.
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Introduction
A large number of researches have investigated the mechanisms of implicit and explicit motor
sequence learning. The functional changes in motor circuits, which involve the primary motor cortex
(M1), are thought to play an important role in memory formation of implicit knowledge. However, it is
unclear what functions in the motor circuits contribute to formation of implicit knowledge in the M1. The
corticospinal neuromuscular system organizes the modular architectures for generating a variety of
movements. Therefore, we hypothesized that performance improvement through implicit learning
results from reorganization of the modular architectures.
Objectives
We used transcranial magnetic stimulation (TMS), data-grove system, and principal component
analysis (PCA) to test the hypothesis.
Materials & Methods
Seventeen healthy subjects learned a sequence of serial reaction time task (SRTT) implicitly, and
explicitly. Before and after a training session, both TMS-evoked finger joint movements and voluntary
finger joint movements during the SRTT were recorded.
Results
PCA extracted a set of principal components (PCs) from TMS-evoked finger joint movements before
(pre-PCs) and after (post-PCs) the training session, respectively. To test an idea that post-PCs contain
large amount of information on the learned task, we reconstructed the voluntary movements during
SRTT in post-training session by linear combination of a selected subset of the PCs. We found that
the quality of the movements reconstructed by the post-PCs was superior to that of the pre-PCs in the
implicit condition. By contrast, in the explicit condition, there was no significant difference in the
reconstruction quality between the pre-PCs and post-PCs.
Conclusion
Our results suggest that the implicit knowledge is acquired through learning-specific reorganization of
the modular architectures in the corticospinal neuromuscular system. On the other hand, the
reorganization of the modular architectures does not relate to acquiring the explicit knowledge.
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Introduction
Motor execution, planning, and learning are altered by transcranial Direct Current Stimulation (tDCS).
The potential of this technique for modulating action monitoring and awareness has not been explored
so far. Optimal motor control relies on internal representations of the intended, predicted, and actual
action. The brain is equipped with a “comparator” system, which monitors and detects the congruence
between planned and performed movements; based on this comparison motor awareness is
constructed.
Objectives
The study aimed at disrupting motor monitoring and awareness through the neuromodulation of the
activity of the Premotor (PMC) and Posterior Parietal (PPC) cortices of the right hemisphere.
Methods
Real or sham cathodal tDCS (1.5 mA, 6 min) were applied over the right PMC or PPC in 22 healthy
participants (8 right-handed men, mean age= 25.5 years). Before and after tDCS, participants
performed a 2-digit sequence motor task and rated how well they had executed it on a 5-item
questionnaire (Motor Performance Awareness Questionnaire - MPAQ). During the task performed
after tDCS, online single-pulse Transcranial Magnetic Stimulation (sTMS) was applied to the right
primary motor cortex (M1), contralateral to the executing left hand, with the aim of evoking involuntary
muscles twitches, interfering with motor execution.
Results
Cathodal tDCS to PMC (but not sham tDCS or PPC tDCS) impaired motor monitoring, making
participants unconfident about their explicit judgments on their motor performance (MPAQ, tDCS by
Time interaction, F= 3.74, pr=.59, p=.004) and PPC (r=.69, p=.001) tDCS, but not after PMC tDCS
(r=.22, p=.32).
Conclusion
Cathodal tDCS to the right PMC disrupts the participants’ ability to evaluate their motor performance
reliably, disrupting self-confidence about own motor performance and also the ability to detect the
discrepancy between their planned and performed movements.
References
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Introduction
Humans can acquire new motor behaviors via different forms of learning- positive reinforcement and
the formation of internal model representations of the movement dynamics (adaptation). The
neurophysiological mechanisms in the primary motor cortex (M1) and the cerebellum (CB) when
learning motor tasks through reinforcement or adaptation are poorly understood.
Objectives
To investigate neurophysiological underpinnings of distinct learning mechanisms.
Materials and Methods
We assessed M1 LTP-like plasticity and cerebellar excitability changes when healthy participants
learned a reaching adaptation task, known to rely early on adaptation and later on reinforcement
mechanisms. We determined the presence of LTP-like plasticity when we observed no significant
increase in M1 excitability even after applying anodal tDCS (i.e. occlusion of M1 LTP-like plasticity), as
determined by single pulse TMS-evoked potentials. We evaluated cerebellar inhibition (CBI) to
indirectly investigate CB excitability changes during learning, using a paired-pulse TMS paradigm
comprised of conditioning CB stimulation followed by a test M1 stimulation. We also assessed these
physiological markers when participants learned the same reaching via binary feedback, which relies
on reinforcement mechanisms.
Results
We found occlusion of M1 LTP-like plasticity only late, but not in the early phase of adaptation
learning, whereas CBI changed early but not in the later phase of learning. We also found occlusion of
M1 LTP-like plasticity when participants successfully learned the same reaching action via binary
feedback. However, CBI did not change in this task.
Conclusion
We show a clear double dissociation whereby learning a task via reinforcement results in M1 LTP-like
plasticity changes, while learning the motor actions via adaptation leads to cerebellar plasticity
modifications. This indicates that learning motor actions can be accomplished by different
neurophysiological mechanisms and neural substrates. Furthermore, deficits in one learning
mechanism could be compensated by another intact mechanism, opening alternative interventions to
enhance motor function after neurological disease.
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Introduction
Transcranial direct current stimulation (tDCS) of the prefrontal cortex in healthy participants has been
shown to improve working memory (WM) performance. Electrophysiological recordings (EEG) during a
WM task have demonstrated changes in the lower frequencies of neuronal electrical activity following
anodal stimulation of the left dorsolateral prefrontal cortex (DLPFC). However, results are highly
heterogeneous and the interaction between tDCS, neural oscillations, and performance outcomes is
not yet well understood. Previous EEG studies in healthy participants have shown that the peak of an
individual’s alpha frequency (IAF) is associated with WM performance.
Objective
We therefore aimed to investigate the effects of anodal tDCS to the left DLPFC on WM performance
while monitoring oscillatory brain activity, including IAF, using EEG.
Method
Forty healthy participants received 15 minutes of active or sham tDCS in a single-blind, parallel group,
placebo-controlled trial. Anodal stimulation was applied to the left DLPFC for 15mins at 2mA with the
cathode placed over the right DLPFC. Participants completed a WM (3-back) task, and EEG eyesopen resting state data was obtained, prior to, during, and following tDCS.
Results
Results showed that active tDCS did not improve discriminative sensitivity on the 3-back task over
time (raw change d’ = 0.13, 95% CI [-0.17 0.43], p = 0.39), while in the sham condition participants
showed increased performance (raw change d’ = 0.52, 95% CI [0.17 0.88], p = 0.01). IAF peaks
recorded over occipital brain regions significantly increased from pre- to post-tDCS in both groups. IAF
changes were strongly correlated with performance improvement from pre- to post-tDCS in the sham
condition (r = 0.592, p = 0.01), but not in the active tDCS condition (r = 0.188, p = 0.50).
Conclusion
These results confirm that tDCS applied to the left DLPFC can modulate WM performance. However,
contrary to expectations, WM performance improved with sham but not active tDCS, suggesting active
tDCS impaired learning. Additionally, tDCS seemed to disrupt the relationship between individual IAF
and WM outcomes. This highlights the need to investigate the dose-response relationship for tDCS
and to individualise tDCS settings to achieve optimal outcomes.
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Effect of long term comprehensive training of the left hand in strongly right handed
participants: reduction of interhemispheric asymmetry in intracortical facilitation (ICF)
*M. Lotze1, K. Doppl1, S. Roschka2, M. Grothe3, T. Platz2
1University of Greifswald , Functional Imaging , Diagnostic Radiology, Greifswald, Germany
2BDH-Klinik , Greifswald, Germany
3University Medicine, Neurology, Greifswald, Germany
Introduction
The effect of intracortical facilititation (ICF) is independent from hemispheric dominance and
handedness (Bäumer et al., 2007). Short term training selectively increases excitability over the
contralateral primary motor cortex (M1c) of the trained hand (e.g. Lotze et al., 2003). M1-excitability
measurements after long-term training (several weeks) are rare but -to our knowledge- are even
absent for ICF-parameters.
Objectives
To evaluate effects of ICF during a two week comprehensive period of training of the left hand in
strongly right handed healthy participants.
Materials & Methods
Thirteen strongly right-handed healthy participants (23 ± 3.5 years; 6 women) underwent a two-week
arm ability training (AAT) for their left, nondominant hand for one hour per day (Platz, 2004).
Performance increase was expressed as percentual changes over time and averaged over all eight
AAT-tasks. Focal TMS was delivered to the optimal scalp position for activation of the musculus
abductor policis brevis (APB) of each hand using a figure-of-eight coil. Resting motor threshold (rMT)
and intracortical facilitation (ICF; test stimulus intensity 120% rMT; conditioning stimulus 80% rMT;
interstimulus interval 10 ms) were used as measures of corticomotor excitability.
Results
Training resulted in considerable improvement of the trained left (30± 3.5%) hand, but - to a lesser
extent - also the non-trained right hand (18± 5.4%) performance. RMT was not altered over time. For
ICF we found a strong time effect in ANOVA; but post-hoc t-tests showed only a relevant decrease
over time for the untrained side (T(12)=3.33; p=0.006; Figure 1).
Conclusion
Our study showed no significant changes in ICF for the trained hand side, but a decrease for the non
trained hand’s motor cortex. It has been demonstrated that the interaction between an increase of
unilateral movement and 10h unilateral immobilization of the other hand is critical for excitability effects
over M1c (Avanzino et al., 2011). We argue that interhemispheric changes induced by unilateral limb
training of the non-dominant hand might be multifactorial; here we observed an increased
interhemispheric balance in ICF after training the less experienced, and presumably in spontaneous
behavior less intensively used hand.
Figure 1
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Does anodal tDCS of the premotor cortex enhance the effects of motor imagery on motor
sequence learning?
*A. Saimpont1, O. Richard1, P. Chabaud1, P. L. Jackson2, A. Guillot1, C. Collet1
1LIBM – Université de Lyon – Université Lyon 1, STAPS, Villeurbanne, France
2CIRRIS - Université Laval, Psychologie, Québec, Canada
Introduction
There is ample evidence that motor imagery (MI) training - i.e. the mental repetition of movements
without corresponding actual execution - contributes to enhance motor performance. Such positive
effects are greater when MI is accompanied by anodal tDCS applied over the primary motor cortex
(Foerster et al., 2013; Saimpont et al., 2016). While the premotor cortex is known to be active during
MI (Hetu et al., 2013), its role on motor performance improvement by MI training needs to be clarified.
Objective
The main aim of this study was to examine whether anodal tDCS applied over the premotor cortex
might enhance the effect of MI training on the learning of a finger tapping task.
Materials and Methods
The experiment was conducted in a double-blinded sham-controlled crossover design. Twelve righthanded young adults (mean age = 22.4 ± 2.5 years, 5 females) participated in two experimental
sessions. During each session, participants performed MI training for 13 min combined either with
anodal tDCS (current intensity = 1.5 mA, current density = 0.06 mA / cm²) over the right premotor
cortex (FC2 location in the 10-20 system), or with sham stimulation over the same region. Motor
imagery training consisted in mentally rehearsing an 8-item complex finger sequence with the left
hand. Before (Pretest) and immediately after (Posttest) MI training, participants physically repeated the
sequence as fast and accurately as possible. Results showed a significant increase in the number of
correct sequences after MI training in both conditions (p < .001, η² = .87); performance improvement
was however not significantly different between conditions (p = .27, η² = .11); see Figure 1.
Interestingly, we found a significant correlation between performance improvements and self-reported
levels of MI vividness during MI training in both conditions (real: R = 0.68, sham: R = 0.64); see Figure
2.
Conclusion
Results suggest that the positive effects of MI training on motor sequence learning do not primarily
result from an increase in activity in the premotor cortex. More participants will confirm / infirm these
preliminary results.
Figure legends
Figure 1. Mean numbers of correct sequences at pretest and posttest for the real and sham
conditions.
Figure 2. Relation between performance improvement (in percentage) and self-reported levels of MI
vividness during MI training.

344

Figure 1

Figure 2
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Neurophysiological mechanisms of transcranial direct-current stimulation-enhanced motor
learning in healthy children
*P. Ciechanski1, E. Zewdie1, A. Kirton1
1University of Calgary, Calgary, Canada
Introduction
Transcranial direct-current stimulation (tDCS) enhances motor learning in adults. We recently
demonstrated robust effects in children. Unique tDCS effects may occur in the developing brain,
confounding trial design in disabled children. We investigated the neurophysiology underlying tDCSinduced enhancement of motor learning.
Methods
24 healthy right-handed children trained their left hand on the Purdue Pegboard Test (PPT) over 3
consecutive days while receiving primary motor cortex (M1) tDCS as: 1) contralateral 1mA anodal, 2)
ipsilateral 1mA cathodal, 3) ipsilateral 2mA cathodal or 4) sham. Stimulation was applied for the first
20 minutes of training each day. Transcranial magnetic stimulation explored bihemispheric M1
neurophysiology at baseline and post-training. Outcomes included cortical excitability, short-interval
intracortical inhibition (SICI), intracortical facilitation, cortical silent periods (cSP) and interhemispheric
inhibition (IHI).
Results
All active tDCS paradigms enhanced motor learning by approximately 40% compared to sham
(p<0.001). Baseline PPT scores were negatively correlated with right M1 cSP (r=-0.541) and positively
correlated with SICI (r=0.420). Anodal tDCS increased cortical excitability (p<0.05) whereas 2mA
cathodal tDCS reduced excitability and increased SICI (p<0.05). Transcallosal inhibition effects
included increased IHI with anodal tDCS (p<0.05) and decreased IHI with 1 and 2mA cathodal tDCS
(p<0.05). Training alone (sham) was not associated with measureable changes in neurophysiology.
Conclusions
tDCS enhancement of motor learning in healthy children is associated with changes in cortical
excitability, intracortical and transcallosal inhibition. Intracortical inhibition may be associated with
lower motor function. Elucidation of tDCS mechanisms of neuromodulation will inform optimization of
stimulation parameters when applying tDCS to children with cerebral palsy.
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The interaction of cross-limb transfer gains, intermittent theta-burst stimulation and
subsequent learning in young and older adults
*T. Stöckel1,2, P. Reissig2, M. R. Hinder2
1University of Rostock, Rostock, Germany
2University of Tasmania, Hobart, TAS, Australia
Introduction
Recently we found evidence that following right hand motor training intermittent theta-burst stimulation
(iTBS) applied to the ipsilateral primary motor cortex (M1) increased corticospinal excitability (CSE)
and facilitated performance in the untrained hand (i.e., cross-limb transfer, CLT).
Objectives
Here we examine whether the interaction of CLT and iTBS can be exploited to drive improved learning
in one hand following learning with the other hand, and to assess any age-related differences in this
interaction.
Materials and Methods
Eighteen young (Mage = 25.2 ± 5.7 years, 8 males) and seven healthy older adults (M age = 66.4 ± 3.1
years, 6 males) practiced a ballistic motor task with their right index finger (150 trials, T1), after which
iTBS was applied to the untrained M1. Another 150 training trials (T2) were then conducted. During
T2, 13 participants (8 young, 7 older) practiced with their left hand (RL group) while 12 young
participants continued practicing with their right hand (RR group). Performance (peak acceleration)
and CSE were assessed before T1, pre- and post-iTBS, and following T2.
Results
Although iTBS facilitated untrained hand MEPs in both age groups (+29%, p = .005), untrained hand
performance was facilitated by iTBS in young (+25%; p = .04), but not in older (-2%, p = .92), adults.
Following T2, no differences in left hand performance gains (adjusted for post-iTBS performance)
between RL and RR (12% vs. 9%, p = .88, Fig. 1B) were observed, although CSE gains in the left
hand following T2 were greater following RL than RR (34% vs. -4%, p = .02, Fig. 1A).
Conclusion
In young but not older adults, iTBS-induced LTP-like plasticity can be utilised to drive performance
gains in the untrained limb above and beyond those gains already induced by cross-limb transfer
processes. With respect to left hand performance gains, no advantage was observed following left
hand T2 training (‘training gains’) compared to right hand T2 training (‘CLT gains’). Thus, homeostatic
plasticity effects following iTBS administered to the untrained M1 following right hand motor learning
appear insufficient to drive greater subsequent training gains when training is then undertaken with the
left hand relative to those gains which would continue to occur (during right hand training) as a result
of cross-limb transfer.
Figure 1
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Electrophysiological and behavioral monitoring of learning: an EEG and tRNS combined study
*E. Tatti1,2, M. Golemme2, L. D. Chrisostomou 2, G. Panozzo2, G. Grande2, C. Luft Di Bernardi3, M.
Cappelletti2
1University of Siena, Department of Medicine, Surgery and Neuroscience, Siena, Italy
2Goldsmiths, University of London, London, Great Britain
3Queen Mary, University of London, School of Biological and Chemical Sciences, London, Great
Britain
Question
Improving cognitive abilities by means of training and brain stimulation has often been reported
(Elmasry, 2015). However, the specific electrophysiological and cognitive processes underlying these
improvements are still overlooked. In order to investigate the behavioural and electrophysiological
effects of brain stimulation on learning, we designed a training study of visual working memory and
inhibitory abilities.
Our main goal was to characterize the behavioral and brain oscillatory correlates of training, combined
or not with tRNS.
Methods
Thirty healthy young participants were tested before and after being trained for 4 consecutive days.
Half of the participants received training coupled with parietal brain stimulation (tRNS), half coupled
with sham. We used an established retrocueing paradigm (Pertzov et al., 2013), which provides an
index of WM precision as well as of inhibitory abilities, which are critical for memory recall (Gazzaley et
al., 2005). Electrophysiological activity was recorded for the entire duration of the training. Frequency
specific changes of the ongoing EEG activity were analysed using Morlet wavelet decomposition.
Results
We found a significant amelioration in inhibitory abilities and in the precision of the memory trace,
particularly in the tRNS group. Electrophysiologically, these changes were explained by parietal alpha
desynchronization in both groups as well as decreased frontal theta synchronization in the tRNS
group.
Conclusion
Training induced changes in visual working memory and inhibitory abilities can be monitored
behaviorally and electrophysiologically. Here, theta driven modulation of top-down attention and alpha
driven modulation of inhibitory abilities explain tRNS and training-related changes in performance.
Elmasry, J., Loo, C., Martin, D., 2015. A systematic review of transcranial electrical stimulation
combined with cognitive training. Restor. Neurol. Neurosci. 33, 263-278.
Gazzaley, A., Cooney, J.W., Rissman, J., D’Esposito, M., 2005. Top-down suppression deficit
underlies working memory impairment in normal aging. Nat. Neurosci. 8, 1298-1300.
Pertzov, Y., Bays, P.M., Joseph, S., Husain, M., 2013. Rapid forgetting prevented by retrospective
attention cues.J. Exp. Psychol. Hum. Percept. Perform. 39, 1224-31.
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Unimanual and bimanual dexterity are influenced by anodal High-Definition transcranial direct
current stimulation.
*N. H. Pixa1, F. Steinberg1, M. Doppelmayr1
1Institute of Sport Science JGU Mainz, Sportpsychology, Mainz, Germany
Introduction
One of the most striking characteristics of humans is their unique capability for manipulating the
surrounding environment by their hands, which requires a well-coordinated sensory-motor processing
ability (Ingram, et al., 2006). Voluntary movements of both hands are crucial for independent living in
everyday life. However, research on brain stimulation with transcranial direct current stimulation
(tDCS) usually targets unimanual motor tasks, whereas little is known about the effects on bimanual
motor performance.
Objective
The present study aimed to investigate effects of an anodal High Definition tDCS (HD-atDCS) of the
left and right primary motor cortex (M1) on unimanual as well as bimanual motor performance and
motor learning assessed with the Purdue Pegboard Test (PPT) (Tiffin & Asher, 1948).
Method
In our multi-day double-blind study, 31 healthy, right-handed volunteers (11 female; age M=23.42;
SD=2.45) without neurological disorders were randomly assigned in two groups receiving either
anodal HD-tDCS (STIM, n=16) or sham stimulation (SHAM, n=15). Between a pre- and a posttest
participants practiced with the PPT on three consecutive days for 15 minutes and received, congruent
to motor practice, a bihemispheric HD-atDCS (1mA; 3,14cm² Ag/AgCl electrodes) over C1 and C2 (1010-EEG-system) or a sham stimulation. Five to seven days after the posttest, a follow up test was
conducted.
Results
Two way ANOVAs showed significantly increased performance for all PPT-scores (p< .001). The subscores for right hand, both hands and overall-score showed a significant interaction TIME x GROUP
(p<.05). Left hand showed a statistical trend (p=.10). These effects were most pronounced in the
follow up test.
Conclusion
Our findings indicate that a bihemispheric HD-atDCS of the M1 improves motor learning of unimanual
and bimanual hand movements. The strength of the effects, however, depends on which hand is used
in the unimanual task and the type of the bimanual task. This could be important to make HD-tDCS
more suitable for clinical applications and the usage in motor training.
Figure 1. Computed general electric field (V/m) generated by 1 mA anodal HD-tDCS of the left
hemisphere, targeting the left primary motor cortex (M1), especially hand area (StimViewer,
Neuroelectrics, Barcelona, Spain).
Figure 1
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“Effect of chronic paddling on sural and common peroneal nerves of lower limbs”
Yadav PK, Thakur D, Limbu N, Paudel BH
*P. Yadav1,2
1Chitwan Medical College, Human Physiology, Bharatpur, Nepal
Objectives
The influence of regular and intense practice of chronic paddling such as operating mechanical sewing
machine on nerves in lower limbs were examined by nerve conduction study.
Background
Nepal is one of the developing countries in South Asia and the use of new technologies and
innovations are out of access for people living in this country so the use of mechanical sewing
machine is still in use at large scale and dominant all over the country as well. This is one of the major
occupations adopted by skilled people with lower socioeconomic status and education level. Lowe Leg
nerves are exposed to strenuous and chronic stress exerted by chronic paddling of mechanical sewing
machine with legs. The purpose of this study is to evaluate the influence of chronic paddling with legs
on lower leg nerves.
Methods
The study included 30 healthy male tailors with mean age 35.07± 4.95years and 30 healthy male
individuals with age 34.20±3.94 years. Anthropometric measurements (height, age, weight, BMI and
lower leg length) were determined for each subject. Standard Nerve Conduction Techniques using
constant measured distances were applied to evaluate common peroneal nerve (motor) and sural
nerve (sensory) in both legs of each individual. Data were analyzed and compared between both
subject groups using Man Whitney U test setting the significance level at 0.05 (p≤0.05).
Results
Age, weight, height, body mass index and leg length were not significantly different between tailors
and control groups. The sensory nerve conduction velocities of the right sural nerve and it’s onset
latency were significantly lower in tailors in comparison to control group but amplitude of right sural
nerve was not found significantly less in tailors. The sensory nerve conduction velocities of the left
sural nerve its onset latency and amplitude were significantly lower in tailors in comparison to control
group. The motor nerve conduction velocity of right common peroneal nerve, its onset latency and
amplitude were found to be significantly less in tailors in comparison to control group. The motor nerve
conduction velocity of left common peroneal nerve, its onset latency and amplitude were found to be
significantly less in tailors in comparison to control group.
Conclusions
Many of the asymptomatic tailors, operating mechanical sewing machine chronically with abnormal
nerve conduction tests in the present study may have pre-symptomatic or asymptomatic neuropathy
similar to subclinical entrapment nerve neuropathy.
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Combining tDCS with prismatic adaptation for non invasive neuromodulation of the motor
cortex
*M. Bracco1,2, R. G. Mangano1,2, P. Turriziani1,2, D. Smirni1,2, M. Oliveri1,2
1Università di Palermo, Dipartimento di Scienze Psicologiche, Pedagogiche e della Formazione,
Palermo, Italy
2NeuroTeam Life and Science, Palermo, Italy
Introduction
Prismatic adaptation (PA) shifts visual field laterally and induces lateralized deviations of spatial
attention. Recently, it has been suggested that prismatic goggles are also able to modulate brain
excitability [1], with cognitive after-effects documented even in tasks not necessarily spatial in nature
[2].
Objectives
The aim of the present study was to test whether prisms can modulate motor cortical excitability
similarly as anodal transcranial direct current stimulation (tDCS) does; to test whether
neuromodulatory effects obtained from tDCS and prismatic goggles could interact and induce
homeostatic changes in brain excitability.
Materials & Methods
Twenty-four subjects were submitted to single-pulse transcranial magnetic stimulation (TMS) over the
right M1 to measure their Input-Output (IO) curve as a measure of cortical excitability [3]. Assessment
was made in three experimental groups: before and after rightward PA; before and after atDCS of the
right M1; before and after rightward PA and atDCS of the right M1.
Results: A significant increase of the steepness of the IO curve slope on the right motor cortex was
found following either rightward PA or atDCS; on the other hand, a decrease of the steepness of the
IO curve slope was found after the combination of rightward PA and atDCS.
Conclusion
These findings suggest that PA could be an additional tool to modulate cortical plasticity in motor
cortices and that an increase or a decrease in corticospinal excitability depends on the functional state
of the M1 before or at the time of conditioning [4].
References
[1] Magnani B, et al. Prismatic adaptation as a novel tool to directionally modulate motor cortex
excitability: Evidence from paired-pulse TMS. Brain Stim 2014; 7:573-9.
[2] Oliveri M, et al. Prismatic adaptation effects on spatial representation of time in neglect patients.
Cortex 2013; 1:120-30.
[3] Carroll TJ, et al. Reliability of the input-output properties of the cortico-spinal pathway obtained
from transcranial magnetic and electrical stimulation. J Neurosci Methods 2011; 12:193-202.
[4] Lang N, et al. Preconditioning with Transcranial Direct Current Stimulation Sensitizes the Motor
Cortex to Rapid-Rate Transcranial Magnetic Stimulation and Controls the Direction of After-Effects.
Biol Psychiatry 2004, 56:634-9.
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Investigating the brain mechanisms of stimulation-enhanced motor memory
*P. Petitet1, A. M. Silva Gonçalves1, H. Johansen-Berg1, J. O'Shea1
1Functional MRI of the Brain (FMRIB) Centre, Nuffield Department of Clinical Neuroscience, Oxford,
Great Britain
Introduction
Prism adaptation is a form of sensorimotor learning where participants have to regain normal pointing
accuracy under circumstances where their entire visual field is shifted to one side by prism glasses.
Once the goggles are removed, prism aftereffects are expressed as pointing errors in the direction
opposite to that of the prismatic shift. When coupled with prism adaptation, anodal transcranial direct
current stimulation (a-tDCS) to the primary motor cortex (M1) increases retention of prism aftereffects
in healthy participants. However, the mechanisms by which this motor memory boost occurs remain
largely unknown.
Objectives
We sought to investigate the brain mechanisms underlying stimulation-enhanced motor memory by
examining how inter-individual differences in neurochemical and functional response to a-tDCS relate
to inter-individual differences in its effect on prism aftereffects.
Materials & Methods
Participants underwent two MR scanning sessions during which they either received sham or real atDCS to M1. We used Magnetic Resonance Spectroscopy (MRS) and resting state functional
Magnetic Resonance Imaging (rs-fMRI) to characterise individuals’ neurochemical and functional
response to a-tDCS1,2. Participants also underwent two behavioural sessions during which prism
adaptation was either combined with sham or real a-tDCS.
Results
Preliminary results suggest that the bigger the reduction in GABA concentration in M1 following atDCS, the stronger the effect of a-tDCS on the retention of prism aftereffects.
Conclusion
This result supports the idea that the effect of anodal tDCS on motor memory depends on its effect on
the GABAergic system. Further analyses will also consider the influence of the a-tDCS induced
changes in functional connectivity within the motor network.
References
1 Bachtiar, V., Near, J., Johansen-Berg, H. & Stagg, C. J. Modulation of GABA and resting state
functional connectivity by transcranial direct current stimulation. eLife 4, e08789,
doi:10.7554/eLife.08789 (2015).
2 Stagg, C. J. et al. Polarity-Sensitive Modulation of Cortical Neurotransmitters by Transcranial
Stimulation. The Journal of Neuroscience 29, 5202-5206, doi:10.1523/JNEUROSCI.4432-08.2009
(2009).
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Modulating motor learning using cathodal tDCS
*E. Hinson1, S. Thein1, C. Stagg1
1University of Oxford, FMRIB, Oxford, Great Britain
Following a stroke, anatomically distinct regions of the motor network including both ipsi- and
contralesional areas have been demonstrated to increase when moving the stroke-affected arm.
However, it is not clear what this increase in activity represents. Increased activity has been shown to
be related to residual hand function in chronic stroke patients, however those patients with the highest
levels of activity in these regions also show the worst recovery. Transcranial direct current stimulation
(tDCS) is being increasingly investigated for its potential as an adjunct therapeutic tool for
rehabilitation due to its ability to modulate underlying cortical excitability and induce the neurochemical
changes thought to contribute to plasticity. For optimisation of this tool, a complete understanding of
the wider motor network and the regions that could provide compensatory activity is needed. Studies
in chronic stroke patients are inherently limited due to the inhomogeneity of lesion volume and
location. An alternative is investigated here: the modelling of a stroke-type lesion in healthy
participants using cathodal tDCS to temporarily down-regulate activity in a target area of the cortex.
Combining cathodal tDCS with a model of motor recovery (a simple motor learning task) during BOLD
functional MRI, we hoped to identify candidate regions that might demonstrate compensatory activity.
Cathodal tDCS applied to left motor cortex (M1) during an explicit sequence-learning task performed
with the right hand, resulted in down-regulation of activity within left M1, with a concurrent, possibly
compensatory, increase in activity in the right M1. By contrast, delivery of tDCS prior to the task led to
greater learning-related activity changes in left M1, Supplementary Motor Area (SMA) and dorsal
premotor cortex (PMd) compared to concurrent and sham stimulation. These results, combined with
no significant difference in behavioural performance across the stimulation groups identify that
cathodal tDCS induced “virtual lesions” could be a suitable model for stroke lesions and that both ipsiand contralateral regions could be considered as therapeutic targets for compensatory up-regulation
using tDCS in stroke recovery.
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Clinical outcomes of high-frequency repetitive transcranial magnetic stimulation (HF-rTMS)
and electroconvulsive therapy (ECT) in the treatment of major depression. An overview of
findings from meta-analyses
*K. K. Kedzior1, M. Schuchinsky2, C. Müller1, T.- C. Engelhardt1, C. Kappen1, C. Loo3,4,5
1University of Bremen, Bremen, Germany
2Independent Consultant, Belfast, Great Britain
3University of New South Wales, Sydney, Australia
4Black Dog Institute, Sydney, Australia
5St. George Hospital, Sydney, Australia
Background
Meta-analyses comparing the short-term clinical outcomes of high-frequency repetitive transcranial
magnetic stimulation (HF-rTMS) and electroconvulsive therapy (ECT) in major depression produced
conflicting results. The aim of the current study was to summarise the results of these meta-analyses.
Methods
A systematic literature search of PubMed and PsycInfo (any time - 13.01.2016) identified k=4
systematic reviews (published in 2010-2014) comparing the clinical outcomes of ECT and HF-rTMS in
major depression using quantitative meta-analysis. The short-term outcomes were the standardised
mean change scores (baseline - last stimulation) on depression scales and odds or risk ratios of
response, remission, and acceptability (dropout) rates. Since different meta-analytical approaches
were used, we have pooled the effects using random-effects model with inverse-variance weights
based on data shown in reviews.
Results
The k=4 reviews included different combinations of k=8 open-label or single-blind, randomised primary
studies with major depression patients. Most studies utilised right unilateral ECT (2.5 times the seizure
threshold, 6-12 sessions) and HF-rTMS (10-20 Hz) of the left dorsolateral prefrontal cortex (90-110%
of the resting motor threshold, 10-20 sessions). The pooled weighted effects favoured ECT over HFrTMS in terms of reduction in depression severity (change scores in k=2 reviews), while response and
acceptability rates of both methods were similar (in k=2 and k=3 reviews respectively), and remission
rates were inconsistent in k=3 reviews (possibly due to heterogeneous definitions of remission). The
individual study effect sizes favoured ECT over HF-rTMS in terms of reduction in depression severity
and remission rate in studies with psychotic major depression patients.
Conclusion
Uniform meta-analytical approaches suggest that ECT might be clinically superior to HF-rTMS in
psychotic major depression, while the clinical outcomes tend to be similar in non-psychotic major
depression in the short-term treatment. Future blinded randomised trials are required to compare the
long-term clinical outcomes of both methods in clinically-homogeneous samples with major
depression.
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Cognitive outcomes of high-frequency repetitive transcranial magnetic stimulation (HF-rTMS)
and electroconvulsive therapy (ECT) in the treatment of major depression: A systematic review
and meta-analysis
*K. K. Kedzior1, M. Schuchinsky2, I. Gerkensmeier1, C. Loo3,4,5
1University of Bremen, Bremen, Germany
2Independent Consultant, Belfast, Great Britain
3University of New South Wales, Sydney, Australia
4Black Dog Institute, Sydney, Australia
5St. George Hospital, Sydney, Australia
Background
Compared to high-frequency repetitive transcranial magnetic stimulation (HF-rTMS), electroconvulsive
therapy (ECT) appears to be particularly effective in the treatment of unipolar psychotic major
depression. The aim of the current study was to compare the short-term cognitive effects of the two
methods in the treatment of major depression using a systematic literature review and a metaanalysis.
Methods
A systematic literature search of PubMed, PsycInfo, and Medline (any time - 16.02.2016) identified
k=118 studies. Of those k=5 met the inclusion criteria (parallel design, rTMS with >1 Hz frequency,
diagnosis of major depression). Cognitive functioning was measured as overall cognitive impairment,
working memory, anterograde memory (learning), and retrograde memory (free-recall) using several
standardised scales administered at baseline and at the end of the short-term stimulation phase. The
effect sizes (standardised mean difference, Hedges’ g) were pooled according to random-effects
meta-analysis with inverse-variance weights.
Results
The studies utilised a single-blind design (k=1) or open-label designs (k=4). Mixed samples with
psychotic depression were included in two studies. All k=5 studies utilised 10-20 sessions of 10-Hz
rTMS of the left dorsolateral prefrontal cortex. Most studies applied ECT as a right unilateral
stimulation with 2.5 times the seizure threshold energy in 2-14 sessions. HF-rTMS was applied as an
augmentation therapy in three studies and ECT was applied as an augmentation therapy in four
studies. The pooled weighted effects (from three studies each) showed that the overall cognitive
impairment and working, anterograde, and retrograde memory tended to improve after the short-term
treatment compared to baseline. However, the magnitude of these effects did not differ between ECT
vs. HF-rTMS. On the individual study level, anterograde and retrograde memory were impaired after
ECT but not HF-rTMS in one study with severely depressed unipolar non-psychotic patients.
Conclusion
Short-term ECT and HF-rTMS treatments appear to have similar effects on cognitive functioning in
unipolar major depression. However, cognitive outcomes need to be assessed in further blinded
randomised trials with homogeneous samples and beyond the short-term treatment phases.
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A neurofeedback intervention to emotional behavior in Schizophrenia as assessed by EEG and
optical imaging (functional Near-Infrared Spectroscopy)
*M. Balconi1, V. milone1, M. E. Vanutelli1
1Catholic University of Milan, Milan, Italy
The present study applied Neurofeedback (NF) technique to restore the “unbalance cortical activity” in
Schizophrenia (S) in response to emotional cues, and applied functional near-infrared spectroscopy
(fNIRS) and EEG co-registration. Indeed, previous research on S revealed abnormal
electroencephalographic activity (EEG) and anomalies in brain responsiveness as revealed by
neuroimaging measures in schizophrenic patients when they process emotional information. However,
no integration of these methods is usually applied to test the emotional deficit in S. therefore we
considered: a) the initial (T0) anomalous prefrontal activity (main delta band); b) the NF application
during a training protocol of five weeks (T1); c) the NF efficacy in term of balanced cortical activity
(T2). Patients have been randomly assigned to either control or NF group. The initial evidence of an
unbalanced prefrontal activity within the left/right hemisphere (higher delta) was verified in T0.
Nevertheless, no anomalous behavior was observed in T0 for S about the explicit evaluation on stimuli
emotional valence. Moreover, the NF treatment effect in T2 was observed for N group in comparison
with C group: indeed in T2 the anomalous responsiveness to emotional cues was modulated as shown
by both EEG and fNIRS measures.
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Linking dysfunctional premotor-to-motor connectivity to disease severity of obsessivecompulsive disorder - a robotic dual-site TMS study
*E. Raffin1,2, S. Harquel1,3, B. Passera3, P. Favre4, H. R. Siebner2, O. David1, *M. Polosan1,5
1Grenoble Institute of Neurosciences, INSERM U1216, La Tronche, France
2Danish Research Centre for Magnetic Resonance, Copenhagen University Hospital Hvidovre,
Hvidovre, Denmark
3LPNC, CNRS UMR 5105, Grenoble, France
4Max Planck Institute for Human Cognition and Brain Science, Dept of Social Neuroscience, Leipzig,
Germany
5Pôle de Psychiatrie et Neurologie, Grenoble University Hospital, La Tronche, France
Introduction
There is evidence that the right Inferior Frontal Gyrus (IFG) exerts an inhibitory influence over the left
primary motor cortex (M1) when actions need to be inhibited. Patients with obsessive-compulsive
disorder (OCD) present deficient motor inhibition and attentional control. We therefore hypothesized
that in patients with OCD, inhibitory inter-hemispheric IFG-M1 connectivity might be impaired in
proportion with clinical severity.
Method
We used dual-site neuronavigated TMS to probe resting-state IFG-M1 connectivity in 12 OCD patients
and 20 healthy volunteers. A conditioning stimulus controlled by a TMS robot, was delivered over the
right IFG at latencies ranging from of -0.3 to 20 ms prior to a suprathreshold test stimulus applied to
the left M1.
Results
A repeated measure ANOVA on the normalized MEPs showed a significant main effect of the interstimulus interval (ISI) between the conditioning and test stimuli (p = 0.02) and a marginal Group
(patients vs. controls) effect (p = 0.065). In controls, we found two reverberant inhibitory peaks at an
ISI of 8 ms. In patients, the IFG-M1 inhibition only peaked at 8 ms with significant reduced corticocortical inhibition. Stepwise regression analysis revealed that the compulsion sub-score of the YBOCS
predicted deficient IFG-M1 inhibition in OCD patients.
Discussion
Our finding that reduced resting-state IFG-M1 inhibition is positively associated with obsession
severity points to a significant role of abnormal cortico-cortical premotor-to-motor connectivity in the
pathophysiology of OCD.
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Efficacy of transcranial Direct Current Stimulation (tDCS) in somatic symptom disorder,
predominantly pain: A randomized, double-blind, sham-controlled study
*P. Peethala1, S. Bhat1, S. K. Praharaj1
1Kasturba Medical College, Psychiatry, Manipal, India
Introduction
Chronic benign pain is a symptom which contributes significantly to morbidity and causes considerable
distress affecting various domains in a patient’s life. There is a growing need to address this issue for
a safer and a better therapeutic intervention. tDCS is a non-invasive tool that has been found to have
therapeutic efficacy in pain syndromes.
Objectives
To study the changes in pain severity, somatoform symptoms severity and global illness severity with
adjuvant tDCS in Somatic Symptoms Disorder as compared to sham stimulation.
Materials & Methods
We investigated in a prospective hospital-based, randomized, double-blind, sham-controlled trial the
analgesic effects of a 5 day treatment of anodal (tDCS) with 2mA current for 40 minutes duration over
the primary motor cortex in Somatic Symptom Disorder, predominantly pain. 26 subjects were
assessed on Visual Analogue Scale (VAS) for pain at baseline, at end of 5 th day and end of 30 days;
somatoform symptom severity and global illness severity were also measured using Quantification
inventory for somatoform syndromes (QUISS) scale and Clinical Global Impressions (CGI) at baseline
and on follow up of 30 days. Patients were also assessed on WHOQoL-BREF at baseline and on
follow up of 30 days for quality of life.
Results
VAS Scores showed significant change as compared to sham group (Pillai’s Trace F = 74.32, p
<.001). CGI-S score had similar effect over time (Pillai’s Trace F = 56.33, p <.001). There was
significant reduction in QUISS-T (Pillai’s Trace F = 10.504, p 0.003) and in QUISS-P scores (Pillai’s
Trace F = 16.839, p <.001); similarly WHO-QoL-BREF Total Score (Pillai’s Trace F = 24.55, p<0.001)
was significant. These effects lasted over a period of 30 days as denoted by the group over time
interaction.
Conclusion
Our findings give preliminary evidence that tDCS of the primary motor cortex is safe and effective for
somatoform pain symptoms. These effects may be related to electrical currents induced in pain-related
cortical and subcortical regions.
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Fronto-executive cognitive functioning predicts antidepressant response to transcranial direct
current stimulation
*D. Martin1, K. Yeung1, C. Loo1
1University of New South Wales, Sydney, Australia
Introduction
Transcranial direct current stimulation (tDCS) is a promising new treatment for depression, however,
clinical trials to-date indicate variable efficacy, thereby raising the need to identify inter-individual
predictors of response.
Objective
In the current study we aimed to investigate pre-treatment neurocognitive performance as a predictor
of antidepressant response to tDCS.
Materials and Methods
Data was pooled from five clinical trials, including two randomised controlled trials (RCTs), which
investigated the antidepressant effects of anodal tDCS (1-2 mA) administered to the prefrontal cortex
for 20 minutes over a course of between 10 to 20 sessions. Data from 71 cases was included in the
analysis. Mood was assessed before and after an acute course of treatment using the MontgomeryÅsberg Depression Rating Scale. The following neurocognitive tests were administered prior to
treatment: Simple and choice reaction time, the Symbol Digit Modalities Test (SDMT), Rey Auditory
Verbal Memory Task (RAVLT), Digit Span, and the Controlled Oral Word Association Test (COWAT).
Results
Better pre-treatment fronto-executive functioning, as indicated by SDMT and COWAT performance,
predicted antidepressant response to tDCS after controlling for confounds. A cognitive composite
which comprised from both SDMT and COWAT performance independently predicted better
antidepressant response in an adjusted model (β = -.35, p = .001). Higher depressive severity at pretreatment was a negative predictor of antidepressant response (β = .36, p = .001).
Conclusions
Pre-treatment fronto-executive functioning on measures subserved by the left prefrontal cortex, the
site of stimulation, is a predictor of response for tDCS treatment for depression. This study highlights
the importance of inter-individual neurobiological differences in mediating tDCS antidepressant effects.
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Repetitive Transcranial Magnetic Stimulation for the Treatment of Neuropsychiatric Conditions:
A Systematic Review and Meta-Analysis of Cumulative Cognitive Effects
*D. Martin1, S. McClintock2, J. Forster1, C. Loo1
1University of New South Wales, Sydney, Australia
2University of Texas Southwestern, Dallas, United States
Introduction
Repetitive transcranial magnetic stimulation (rTMS) is a proven therapeutic treatment for treatment
resistant depression and is in increasing clinical use throughout the world. Based upon the proven
effects in depressed patients, researchers have additionally similarly investigated potential therapeutic
effects in other clinical populations, for example, schizophrenia. Despite the large number of clinical
trials conducted using rTMS, however, it remains unclear whether rTMS treatment additionally has
cognitive enhancing effects.
Objectives
To determine whether therapeutic rTMS when administered to the dorsolateral prefrontal cortex
(DLPFC) is associated with cumulative, or lasting, cognitive improvement.
Materials and Methods
A systematic review and meta-analysis was conducted of randomised, sham-controlled studies
conducted in patients with neuropsychiatric conditions who received therapeutic rTMS administered to
the DLPFC. Cognitive outcomes at post treatment were pooled and examined across the following
domains: Global cognitive function, executive function, attention, working memory, processing speed,
visual memory, verbal memory and visuospatial ability.
Results
Thirty-one studies met our inclusion criteria. Active rTMS treatment was not associated with
generalised gains across the majority of domains of cognitive functioning examined. Secondary
analyses revealed a moderate sized positive effect for improved working memory specific only to
studies in patients with schizophrenia (k = 3, g = 0.507, 95% CI = [0.183-0.831], p < .01).
Conclusions
Therapeutic rTMS when administered to the DLPFC in patients with neuropsychiatric conditions does
not result in robust cumulative cognitive enhancing effects. However, there was a moderate sized
effect for improved working memory in a few studies conducted in patients with schizophrenia,
indicating potential specificity of cognitive effects.
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Utility of TMS in Presurgical Mapping of Eloquent Cortices in Children
*S. Narayana1,2, K. Schiller2, F. A. Boop2,3, J. W. Wheless1,2, A. C. Papanicolaou1,2
1University of Tennessee Health Science Center, Memphis, Pediatrics, Memphis, United States
2Le Bonheur Children's Hospital, Neuroscience Institute, Memphis, United States
3University of Tennessee Health Science Center, Neurosurgery, Memphis, United States
Introduction
The unique ability of TMS to non-invasively induce evoked responses and virtual lesions combined
with improved accuracy afforded by image guidance has spurred its clinical applications. While the
utility of presurgical motor and language mapping using TMS has been demonstrated in adults 1,2, its
use in pediatric patients is in its infancy3. We report here, successful functional mapping of both motor
and language cortices using TMS in children.
Methods
Thirty-nine children (23 M, age range 0.6 - 18 years) undergoing surgery for brain tumors or refractory
epilepsy underwent motor and language mapping using a navigated TMS system (Nexstim 4.3) (see
Table 1 for the location of the lesions and type of mapping). The motor mapping (n=22) included
determination of localization and extent of primary motor cortex for hand and mouth. Language areas
were localized as patients (n=26) performed an object-naming paradigm implemented in the
Nexspeech module (Nexstim Inc.) using 5 Hz TMS. TMS was applied to lateral temporal and frontal
regions in both hemispheres and the observed errors were categorized using previously established
criteria 1.
Results
All patients tolerated TMS and did not experience any serious adverse effects. Motor cortex was
successfully mapped in all but one patient. The TMS motor maps aided in determining the surgical
approach and extent of resection in all patients (see Figure 1-top). Language area localization and
hemispheric dominance were successfully determined in 22 of the 26 patients. TMS derived language
maps were used in conjunction with MEG, fMRI, WADA and cortical stimulation mapping in
determining the surgical approach and extent of resection in these patients (see Figure 1-bottom)4.
Conclusions
TMS is a safe and noninvasive means of localizing motor and language functions and recent
improvements in accuracy and ease of application of TMS are especially beneficial in pediatric
neurosurgery and neurology. We believe that the critical information that TMS provides, coupled with
its ease of use, will result in increasing pediatric applications in the near future.
References
 Picht T, Neurosurgery. 2013;72:808-819.
 Tarapore PE, J Neurosurg. 2012;117:354-362.
 Narayana S, Pediatr Neurol. 2015;52(1):94-103.
 Babajani-Feremi A, Clin Neurophysiol. 2016;127(3):1822-36.
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Transcranial direct current stimulation (tDCS) over the dorsolateral prefrontal cortex (LDLPFC)
leads to decreased nicotine craving among adult male individuals
*S. Bashir1, A. Alataw1, T. Almusned1, F. AlGhamdi1, A. Alhussien1, M. Alohali1
1King Saud University, Physiology, Riyadh, Saudi Arabia
Question
Nicotine intake and decision-making behaviors are related to inhibitory control abilities, which involve
operations of the dorsolateral prefrontal cortex (DLPFC)
Methods
The aim of this study was to test Non-invasive brain stimulation (e.g. cathodal tDCS) decrease activity
of the DLPFC and might be a possible approach to regulating nicotine intake and decision-making
behaviors in tobacco smokers who wished to quit smoking.
Results
Subjects (n=28) received three-day tDCS regimens (active or sham) at a 1.5 mA during 20 min.
Nicotine cravings, cigarette consumption, neurocognitive and safety assessment were assessed
before and after each session. Main findings include a significant decrease in the number of cigarettes
smoked when participants received active as compared to sham stimulation. No significant change
was observed for safety assessment.
Conclusion
Overall, these findings suggest that tDCS over the DLPFC may be beneficial for smoking reduction
and the approach makes use of potential pathways to modulate brain function. Longer term studies
should examine the effects of extended tDCS on nicotine craving behaviors
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Impaired Spike Timing Dependent Cortico-Cortical Plasticity in Alzheimer’s disease Patients
*F. Di Lorenzo1, V. Ponzo1, C. Caltagirone1, A. Martorana1, G. Koch1
1Non Invasive Stimulation Unit, Fondazione Santa Lucia, Roma, Italy
Introduction
Mechanisms of cortical plasticity have been widely investigated in Alzheimer’s disease (AD) patients
with TMS protocols, showing a clear impairment of Long-Term Potentiation (LTP) cortical-like plasticity
and a relative sparing of Long Term Depression (LTD) mechanisms. Recently a new TMS protocol,
investigating the connections between posterior parietal cortex (PPC) and primary motor cortex (M1),
elicited in a bidirectional way LTP and LTD effects.
Objective
We investigated mechanisms of spike-timing dependent plasticity in AD patients and the effects of the
modulation of PPC-M1 pathway on cholinergic transmission, greatly impaired in AD patients.
Material & Methods
Twelve AD patients and eight age-matched healthy subjects (HS) were evaluated. We used bifocal
TMS to repeatedly activate the connections between the PPC and M1 of the left-dominant
hemisphere. PPC TMS preceded or followed the M1 stimulation by 5 ms, respectively PAS +5 and
PAS -5. To best activate the ipsilateral PPC-M1 connection, the conditioning stimulus was applied
over the left PPC at an intensity of 90% of the ipsilateral resting motor threshold. For the PAS protocol,
100 pairs of stimuli were continuously delivered at a rate of 0.2 Hz for ∼8.3 min. Motor evoked
potentials and central cholinergic way, evaluated with Short-latency afferent inhibition (SAI) protocol,
were evaluated before and after PAS (+5 or-5) protocol.
Results
as expected HS showed an LTP-like cortical plasticity following PAS -5 protocol and an LTD-like
cortical plasticity after PAS+5 protocol, while AD patients did not show any modification of the
amplitude of MEP after repeated activation of PPC-M1 connections. As compared to HS, AD patients
showed worst SAI values. Interestingly, after PAS+ 5 protocol, in AD patients SAI levels were
restored.
Conclusions
The data here presented confirm that in AD patients there is an altered cortical plasticity. The central
cholinergic way is altered in AD patients, but after the application of PAS + 5 protocol his levels are
restored, suggesting a possible role of PPC-M1 pathway on modulation of this inhibitory intracortical
circuit. PAS protocol is able to investigate the mechanisms of altered cortical plasticity in AD patients.
Central cholinergic transmission can be modulated by stimulation of PPC-M1 connections
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rTMS Modulates the Limbic Frontostriatal Circuit in Depression
M. Avissar1, F. Powell2, C. Liston3,4, *M. Dubin5,4
1Weill Cornell Medical College, Psychiatry, New York, United States
2Weill Cornell Medical College, Neuroscience, New York, United States
3Weill Cornell Medical College, Neuroscience and Psychiatry, New York, United States
4Weill Cornell Medical College, Feil Family Brain and Mind Research Institute, New York, United
States
5Weill Cornell Medical College, Psychiatry and Neuroscience, New York, United States
Background
Repetitive transcranial magnetic stimulation (rTMS) modulates functional connectivity of cortical
networks in depressed patients. Here, we investigated whether rTMS may also modulate frontostriatal
functional connectivity in depression.
Methods
27 patients with treatment-resistant depression and 60 healthy controls underwent resting state fMRI
(rs-fMRI). A seed-based analysis of functional connectivity (FC) used limbic, executive, and motor
striatal seeds based on tractographic connectivity to ventromedial (limbic), dorsolateral (executive) and
caudal (motor) frontal cortex (Cerebral Cortex. 2014 May; 24(5):1165-77). Patients underwent a 5week course of rTMS over the left dorsolateral prefrontal cortex. HAMD-24 quantified depression
severity and treatment response. Patients also were imaged with post-TMS rs-fMRI. FC was
compared between patients and controls using a t-test and before and after rTMS in patients using a
paired t-test, correcting for multiple comparisons.
Results
Compared to healthy controls, depressed subjects showed frontostriatal hyperconnectivity in the limbic
division and hypoconnectivity in the executive and motor divisions. rTMS appeared to affect only the
limbic division. A comparison of FC before and after rTMS revealed a reduction in FC between the
limbic striatal seed and a left orbitofrontal cluster near the subgenual anterior cingulate cortex (voxelwise t-test, p < 0.01). This reduction overlapped with hyperconnectivity at baseline suggesting
normalization of limbic frontostriatal connectivity after rTMS.
Discussion
These results confirm previous findings that depression differentially affects limbic, executive and
motor frontostriatal circuits. Further, it suggests that one candidate mechanism of rTMS for depression
is that it modulates limbic frontostriatal connectivity.
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Effect of Repetitive Transcranial Magnetic Stimulation on the Structural Connectome in
Patients with Major Depression
*Z.- D. Deng1, S. Davis2, G. Asturias1, M. Glidewell1, C. Liston3, M. Dubin3
1Duke University, Psychiatry and Behavioral Sciences, Durham, United States
2Duke University, Neurology, Durham, United States
3Weill Cornell Medical College, Psychiatry, New York, United States
Introduction
Repetitive transcranial magnetic stimulation (rTMS) of the dorsolateral prefrontal cortex (DLPFC) is an
FDA-approved treatment for depression. Increasing evidence indicates that depression is
accompanied by altered structural connectivity in the white matter.
Objective
We assess the impact of rTMS treatment for depression on the structural brain connectome.
Patients & Methods
The IRB of Weill Cornell Medical College approved this study. 25 currently treatment-resistant
depressed patients (age 21-68) participated in the study. Patients received 10-Hz rTMS over the left
DLPFC 5 days/week for 5 weeks. Treatment response was assessed using the 24-item Hamilton
Rating Scale for Depression (HAMD-24) at baseline and after the course of TMS. MRIs were acquired
within 7 days prior to starting rTMS and within 3 days after the end of treatment. Diffusion tensor
images were acquired using a single-shot spin echo imaging sequence. Nodes of the structural brain
network were defined as the 96 anatomical brain areas in the Harvard-Oxford atlas. Whole brain
deterministic streamline generation was performed using the Euler delta crossings tracking algorithm.
A weighted connectivity matrix was generated based on the number of streamlines traversing between
pairwise cortical regions. Graph theory metrics were calculated to assess network integration
(characteristic path length), distribution (network density), segregation (clustering coefficient,
modularity), and nodal influence (nodal degree, betweenness centrality).
Results
Relative to baseline, no change was observed post rTMS in the global network metrics of density,
characteristic path length, and modularity. No group difference was observed between treatment
responders and nonresponders on these global network metrics. Figure 1 shows the distribution of
nodes with properties that correlate (p < 0.05) with baseline and post treatment change in HAMD-24
score. The node size is proportional to the t-scores (blue: negative correlation, red positive correlation)
in a linear regression with HAMD-24.
Conclusion
A collection of nodes in the frontal pole, frontal medial cortex, subcallosal cingulate, and lateral
occipital cortex (LOC) have baseline nodal degree, centrality, and clustering coefficient that are
correlated with baseline HAMD-24. The post treatment change in centrality in the LOC and precuneus
is correlated with change in HAMD-24, suggesting rTMS selectively modulates the white matter
connectivity underlying key areas in the default mode network.
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Neuro-Cardiac-Guided TMS (NCG TMS): A new and cost-effective method for accurately
localizing the DLPFC in the treatment of depression.
*M. Arns1,2,3
1neuroCare Group, Nijmegen, Netherlands
2Research Institute Brainclinics, Nijmegen, Netherlands
3Utrecht University, Experimental Psychology, Utrecht, Netherlands
Question
The efficacy of rTMS in the treatment of major depressive disorder (MDD) has been well established in
recent years in multi-center RCT’s as well as meta-analyses. Most studies to date have employed the
‘5-cm’ rule for targeting stimulation of the Dorsolateral Prefrontal Cortex (DLPFC). New variations and
improvements of this targeting technique include a ‘6-cm’ rule, the Beam-F3 method, and
neuronavigated rTMS. Furthermore, it has been proposed that the efficacy of rTMS in MDD is more
related to stimulating the area that is functionally connected to the subgenual anterior cingulate cortex
(sgACC) rather then to specific cortical areas (Fox et al., 2012). Therefore, we set-out to develop and
test a new method that employs knowledge about the functional role of the sgACC to establish in real
time if the right cortical area is targeted.
Method
Several studies have shown that areas in the ventromedial prefrontal cortex (VMPFC; including the
subgenual and rostral ACC) are involved in processing of emotional information as well as the
regulation of heart rate in response to emotional stimuli. Therefore, based on the notion that rTMS
aims to transsynaptically stimulate the sgACC, we used electrocardiogram (ECG) R-peak triggered
single pulse TMS to various frontal locations to establish the location that most consistently resulted in
a lengthening of the R-R latency (reflective of a heart rate deceleration). This method of NeuroCardiac-Guided TMS or NCG TMS thus could be the equivalent of what the Motor Threshold is for the
motor system, but then for the DLPFC with heart rate as an output.
Results
First preliminary results using a burst of 10 Hz TMS stimulation demonstrated that in a subject with a
relatively large head circumference, no response was found at the ‘5 cm’ site (corresponding to FC4 in
this subject), whereas the F4 location did result in a consistent heart rate deceleration. More data are
currently being collected using a single pulse R-peak triggered approach and data will be presented.
Conclusions
In the treatment of MDD, Neuro-Cardiac-Guided TMS has the potential to become the equivalent of
the ‘motor threshold’ for the DLPFC, and thereby would be a cost-effective and easy to use method for
localizing the right stimulation target in the treatment of MDD, and also serve as a real-time control of
adequate coil contact in patients undergoing rTMS treatment.
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Clinical trial: EEG alpha real-time phase-triggered TMS to modulate left vs. right DLPFC activity
for the treatment of depression
*B. Schreitmüller1, F. Müller-Dahlhaus1, S. Soekadar1, A. J. Fallgatter1, U. Ziemann1
1University Hospital Tübingen, Centre for Neurology, Tübingen, Germany
TMS is an effective neuromodulatory tool in the treatment of stroke and depression. In the case of
stroke, an imbalance between the affected and unaffected hemisphere in the M1-M1 interhemispheric
motor network is presumed; in the case of depression, left dorsolateral prefrontal cortex (DLPF) is
presumed underactive vs. right. Whereas motor network excitability can be assessed with hand
muscle contractions, no such “direct” readout is available for frontal networks. Furthermore, classical
rTMS protocols suffer from large variability, requiring large numbers of patients to demonstrate a
(small) group effect. An ongoing clinical pilot trial addresses this conundrum using a novel brain-state
triggered TMS protocol previously shown to be more effective and reliable at bi-directionally
modulating cortical excitability in the motor system than classical protocols. Can we translate the basic
research results from the motor network to a clinical application involving the prefrontal network?
18 patients with depression receive different interventions on different days. The main intervention
consists of 200 brain-state triggered triple-pulses (inter-pulse-interval 10ms) applied over left DLPFC
triggered by the negative peak phase of local ongoing 10Hz oscillations (to increase excitability) or on
the right DLPFC during the positive peak phase (to decrease excitability), with a sham coil on the
respective other side. There are two control conditions consisting of the offline replay of the the same
stimulus sequence and a classical TBS protocol (continuous over right DLPFC, intermittent over left).
Resting-state EEG, spectral power ratio, TMS evoked EEG potentials (from both right and left DLPFC,
randomized interleaved, using a two-coil set-up), before and at multiple times after the intervention are
recorded, as well as a depression inventory. Neuronavigation with individual MRI anatomy is used.
We demonstrate the applicability of local brain network state triggered therapeutic TMS protocols to
modulate cortical excitability therapeutically and quantify suitable neurophysiological markers
(interhemispheric spectral power, left vs. right prefrontal network TMS evoked EEG potentials) to track
effectiveness in a network where direct readouts are not available.
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Transcranial Direct Current Stimulation (tDCS) replaces Electroconvulsive Therapy (ECT) in a
Patient with Corpus Callosum Agenesis and Catatonic Schizophrenia
*D. Keeser1, E. Weidinger2, A. Linhardt2, U. Palm2, A. Hasan2, B. Kirsch2, O. Pogarell2, T. Karali2, M.
Paolini2, B. Ertl-Wagner3, N. Müller2, P. Falkai2, F. Padberg2
1Ludwig-Maximilians University, Department of Psychiatry, Institute for Clinical Radiology, Munich,
Germany
2Ludwig-Maximilians University, Department of Psychiatry, Munich, Germany
3Ludwig-Maximilians University, Institute for Clinical Radiology, Munich, Germany
The 42-year-old male patient with known complete Corpus Callosum Agenesis (CCA) had shown
severe catatonic symptoms since adolescence and been treated with weekly electroconvulsive
therapy (ECT) for almost six years, because drug treatment was ineffective. ECT was discontinued
after the patient experienced a third degree atrioventricular block and cognitive deterioration. After
obtaining approval from the local ethics committee and informed consent from the patient and his
relatives, tDCS was started with the following stimulation settings: Anode over the left dorsolateral
prefrontal cortex (F3) and cathode over the right (F4); 2 mA for 2x20 minutes/day (90-minute interval),
3x/week for two weeks, once to twice weekly thereafter with the same parameter settings. A weekly
clinical assessment was conducted that included the Bush-Francis Catatonia Rating Scale (BCRS).
Functional magnetic resonance imaging was performed before and after 70 and 140 tDCS sessions to
assess resting-state functional connectivity, structural brain volumes (T1-MPRAGE, T2-FLAIR) and
Diffusion Tensor Imaging (DTI).
The patient overall received about 300 tDCS sessions. The patient showed fewer catatonic symptoms
during tDCS treatment than during ECT treatment (BCRS scores: 20-27/69 during ECT, 4-12/69
during tDCS with one outlier of a BCRS score of 18 at the September 9, 2015). His speech fluency,
and personal hygiene improved. Seed-based functional connectivity in the left insula and the frontal
brain showed decreased variability in the fluctuation of the BOLD signal at measurement t2 and t3
compared to baseline. Frontal and left insulair connectivity increased after 140 tDCS sessions
compared to baseline. Post 140 tDCS sessions structural connectivity measured by the means of DTI
showed an increased number of white matter fiber tracts (streamlines) in many brain regions with a
focus in frontal (e.g. insulair cortex) and temporal (e.g. Hippocampus area) brain regions. This was
also shown in volumetric brain changes in these regions.
In this patient with severe catatonia, prefrontal tDCS was more effective than maintenance of
ECT,suggesting that tDCS may exert clinically significant effects on catatonia even in a case of altered
anatomical connectivity caused by CCA. The alterations in structural and functional MRI suggest
strong changes that may be due to the long-term treatment using prefrontal tDCS and/or the possible
recreation from ECT treatments/anesthesia.
Figure 1
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Transcranial Direct Current Stimulation (tDCS) As Treatment for Major Depression
(DepressionDC) - Objectives and Design of A Prospective Multicenter Double Blind
Randomized Placebo Controlled Trial
*U. Kumpf1, U. Palm1, J. Nolden1, A. Pfeiffer1, S. Egert2, T. Görlitz1, M. Bajbouj3, C. Plewnia4, B.
Langguth5, P. Zwanzger6, B. Kirsch1, J. Wörsching1, U. Mansmann7, P. Falkai1, D. Keeser1, A. Hasan1,
F. Padberg1
1Ludwig-Maximilians University, Dept. of Psychiatry and Psychotherapy, Munich, Germany
2Technical University, Münchner Studienzentrum, Munich, Germany
3Charité, Dept. of Psychiatry, Berlin, Germany
4University Tübingen, Dept. of Psychiatry, Tübingen, Germany
5University Regensburg, Dept. of Psychiatry, Regensburg, Germany
6Inn-Salzach-Klinikum, Wasserburg, Germany
7Ludwig-Maximilians University, IBE, Munich, Germany
Objectives
Transcranial Direct Current Stimulation (tDCS) is considered as a putative therapeutical approach in
Major Depressive Disorder (MDD) allowing for a non-invasive modulation of dysregulated frontal
activity (Kalu et al., 2012).
Findings of the largest 2x2 factorial randomized controlled trial (RCT) in MDD to date suggest an
antidepressant effect of tDCS combined with a Selective Serotonin Reuptake Inhibitor (SSRI;
Sertraline) that is superior to placebo treatment, tDCS alone and sertraline alone (Brunoni et al.,
2013). With regard to a possible introduction of tDCS as treatment option for MDD a methodological
sound replication trial is needed. Moreover, this study should overcome limitations of the previous trial
(2x2 factorial design with small sample size; short treatment period; monocentre study).
Methods
In this randomized, placebo-controlled multicenter trial patients with MDD receive a 6-weeks treatment
with prefrontal tDCS (anode over electrode position F3, cathode over F4, 5 sessions/week for 4 weeks
followed by 2 sessions/week for 2 weeks, 30min/day, 2mA intensity) or sham tDCS (frequency and
duration correspondent to active tDCS, ramp in and ramp out only without intermittent stimulation), as
adjunctive treatment with a SSRI. Follow-up per patient is 3 and 6 months after the last tDCS session.
Before, during, and after the treatment period different assessment scales will be conducted using a
tablet-PC program which is specifically designed for this study to record neuropsychological features
and the course of the individual symptomatology. Additionally, patients receive optional investigations
including functional magnetic resonance imaging (fMRI) measuring functional and structural
connectivity at baseline, after 6 weeks of tDCS treatment and 12 weeks after the last tDCS session.
Discussion
The purpose of this study is to explore the sustained efficacy and tolerability of repeated tDCS for the
treatment of MDD and to assess the long-term efficacy of tDCS over 3 to 6 months. It is hypothesized
that prefrontal tDCS in combination with an SSRI will provoke an antidepressant effect while
antidepressant medication alone (sham tDCS) did not. This will be measured by the change from
baseline in the Montgomery-Åsberg Depression Rating Scale scores after 6 weeks of treatment.
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Short-latency afferent inhibition from the dorsolateral prefrontal cortex in patients with
schizophrenia: a TMS-EEG study
*Y. Noda1, M. Barr1, R. Zomorrodi1, R. Cash2, T. Rajji1, R. Chen2, Z. Daskalakis1, D. Blumberger1
1Centre for Addiction and Mental Health, University of Toronto, Department of Psychiatry, Toronto,
Canada
2Toronto Western Research Institute, University Health Network, Department of Medicine, University
of Toronto, Toronto, Canada
Introduction
Transcranial magnetic stimulation (TMS) techniques provide a non-invasive indication of various
inhibitory and excitatory processes in the human brain. One such a paradigm involves short-latency
afferent inhibition (SAI) that captures a central cholinergic activity traditionally from the motor cortex
(M1). Recently, we have established a method to index SAI in the dorsolateral prefrontal cortex
(DLPFC), an area implicated in the pathophysiology of schizophrenia (SCZ).
Objectives
Here, we aimed to investigate SAI in both M1 and the DLPFC in patients with SCZ compared to
healthy controls (HC). We hypothesized that modulation of the N100 on TMS-evoked potential (TEP)
at the left frontal area would be reduced in patients with SCZ compared to that of HC.
Methods
Twelve right-handed SCZ (8 male, mean age 41 ± 10 yrs) and 12 HC (6 male, mean age 39 ± 12 yrs)
were examined with combined TMS-electroencephalography (EEG). Individual N20 latency was
determined from somatosensory-evoked potentials prior to the SAI procedure. SAI from the left motor
cortex (M1-SAI) and the DLPFC (DLPFC-SAI) was indexed by conditioning a single suprathreshold
TMS pulse with right median nerve stimulation at interstimulus intervals of N20+2 (M1-SAI) and N20+4
ms (DLPFC-SAI), respectively.
Results
In patients with SCZ, there were no significant TEP N100 change with M1-SAI (t11 = -2.30, p = 0.822)
or no significant difference in modulation of TEP N100 between SCZ and HC (t22 = 1.917, p = 0.068).
However, we observed a significant TEP N100 attenuation at the left frontal area with DLPFC-SAI (t11
= -7.756, p < 0.0001). Further, the TEP N100 modulation was significantly different between SCZ and
HC (t22 = 5.299, p < 0.0001; SCZ < HC).
Conclusion
Taken together, the modulation of TEP N100 by DLPFC-SAI may reflect the specific pathophysiology
at the frontal area in SCZ. Therefore, the N100 modulation with DLPFC-SAI paradigm could be a
potential biomarker to detect the cholinergic dysfunction from the prefrontal cortex in patients with
SCZ. These findings warrant further study which may help to understand high smoking rates among
SCZ.
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Effectiveness of rTMS in depression: A brief report
*M. Pirmoradi1
1Iran university of medical sciences, Clinical psychology, Tehran, Iran, Islamic Republic Of
Background & Objectives
Transcranial magnetic stimulation (TMS) is an important method for noninvasive stimulation of brain in
treatment of depression. During the past 10 years, therapeutic effects of repeated Transcranial
Magnetic Stimulation (rTMS) have been widely studied in psychiatry and its efficacy has been
demonstrated in the treatment of major depressive disorders. In my study, we explored the
effectiveness of antidepressant course of rTMS in major depression. I treated three patients with rTMS
and constant medication.
Methods
Based on SCID and DSM IVTR three depressed patients who reffered to Sobhe Sadeg center treated
with rTMS for 15 sessions (three days a week) when he got constant medication. Upon the
intervention they were tested with BDI to determine the effect of treatment for five times.
Results
Three weeks trial of repetitive transcranial magnetic stimulation in this research showed a good effects
in reduced of BDI test.
Conclusion
Finding suggest that transcranial magnetic stimulation is a good and searchable device for
combination therapy in treatment of major depressive disorders.
Key words
Major depression disorder, Transcranial magnetic stimulation, antidepressant.
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Augmentative Repetitive Transcranial Magnetic Stimulation (Rtms) in Highly TreatmentResistant Unipolar and Bipolar Depression – First Polish Experiences
*A. Poleszczyk1, M. Rakowicz2, J. Antczak2, T. Parnowski1, Ů Święcicki1
1Institute of Psychiatry and Neurology, Second Department of Psychiatry, Warsaw, Poland
2Institute of Psychiatry and Neurology, Department of Clinical Neurophysiology, Warsaw, Poland
Introduction
While repetitive transcranial magnetic stimulation (rTMS) is a well-established method of treatment of
unipolar depression the data concerning bipolar population are scanty. Moreover there is little known
on possible augmenting effect of rTMS added to a stable treatment regimen.
Objectives
The present study aims to assess the efficacy of HF-rTMS of the left dorsolateral prefrontal cortex
(DLPFC) in mixed population of patients with highly treatment resistant unipolar and bipolar
depression in clinical settings. This is the first study on this method in such a population in Poland.
Patients and Methodes
Forty three patients with bipolar and unipolar depression who did not respond to previous
pharmacological treatment or electroconvulsive therapy (ECT) or had contraindications for ECT were
treated with four weeks of open-label rTMS at 10 Hz, 120% of motor threshold, 3000 stimuli/day. rTMS
was added to antidepressants in an adequate dosage for at least 4 weeks and stable doses of mood
stabilizers.
Results
The data concerning 40 patients (30 with treatment resistant bipolar depression) aged 51.2±12.5 were
analyzed. Statistically significant improvement on the 21-item Hamilton Depression Rating Scale
(HAM-D), Beck Depression Inventory (BDI), Clinical Global Impression severity of illness scale (CGI),
Patient Global Impression of Severity (PGI) was shown. (ANOVA with repeated measures p
Conclusion
Augmentative HF-rTMS of the left DLPFC was effective, safe and well tolerated in a mixed sample of
predominantly bipolar patients with highly treatment resistant depression. This method should become
more widely accessible for patients in everyday clinical practice.
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Repetitive Transcranial Magnetic Stimulation (rTMS) improves catatonia features associated
with Major Depressive Disorder (MDD): Case study
*A. Marei1,2, H. Rashed1
1Brains' Clinic, Cairo, Egypt
Objective
To investigate the possible effect of rTMS in improving catatonic features associated with MDD.
Case study
A 17 year old male patient with the diagnosis of MDD (DSM-IV 296.20) with catatonic features
(motoric immobility, evidenced by stupor, negativism, mutism and posturing), was referred to our lab
for assessment. The family stated that the patient stopping eating (losing 8 kg), drinking, talking plus
sleep disturbances and assumption of certain postures for hours for a duration of 8 days. 2 protocols
were done every session: (a) 30 pps,100 pulse/train, 20 trains, 2 sec inter train interval, intensity10%,
With total number of pulses 2000 each using stroke method over the scalp. followed by (b) 5 pps, 100
pulse/train, 20 trains, 20 sec inter train interval, intensity 45% with total number of pulses 2,000 over
the LDPFC (F3) for 5 consecutive sessions for 2 weeks. TMS machine used was MagVenture Pro 30,
with coil Type: 125
Results
drastic and rapid improvement after the first rTMS session as the patient was able to eat, drink few
glasses of water, and sleep better but with no initial improvement on verbal and nonverbal
communication. These improvements were sustained with enhancement of nonverbal and verbal
communications by the 10th session. All through the course of treatmenr, we did not report any side
effets from the rTMS
Conclusions
Catatonia is not an uncommon feature observed in psychiatric patients. Reports estimated that there
are 90,000 cases of catatonia occur each year in US hospitals. These reports also stated that the
prevalence of catatonia ranges from 7.6 to 38 percent in psychiatric patients with more than half of the
patients with an underlying bipolar affective disorder without clear demarcation of the type of bipolar
affective disorder. Yet there were reports that about 20 percent of depressed patients met the criteria
of catatonia. Benzodiazepines and Electro-compulsive Therapy (ECT) have been used to treatment of
catatonia. In our current case, rTMS, which is a relatively safe and non-invasive technique with
minimal cognitive distorting effects as compared to standered current therapies, improved catatonic
features without side effects. Further researches are needed to confirm our results and test its long
term effect.
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Transcranial micropolarization of 20- and 30-minutes combined with sertraline for the
treatment of depression: randomized sham-controlled safety study
*E. Pavlova1, A. Menshikova2, A. Gersamija2, R. Semenov2, E. Bocharnikova2, A. Anosova2, G.
Kustov2, A. Gudkova 2, A. Guekht 2
1Karolinska Inst, , Stockholm
2Scientific and Practical neuropsychiatric Center of Moscow Department of Health, Moscow
Non-invasive brain stimulation methods – transcranial direct current stimulation (tDCS) and
transcranial magnetic stimulation (TMS) – can be an effective treatment for depression. While the
protocols for TMS are established and recommended for clinical use (Perera et al., 2016), tDCS
protocols need further development (Meron et al., 2015). Most tDCS studies employed 20 minute of
stimulation, however, in some studies (Brunoni et al., 2013) where high percent of responders to
tDCS combined with sertraline was revealed, 30 minute tDCS was used.
In the present study we investigate the influence of stimulation duration using transcranial
micropolarization (TCMP) – method of non-invasive brain stimulation with direct current which can
be considered as an analog of tDCS when similar parameters of stimulation are applied – on the
efficacy and safety of this anti-depressive treatment.
The aim of the present sham-controlled single-blind study was to compare the efficiency and safety
of 10 daily sessions of 20- or 30-minute of TCMP (anodal electrode on the left DLPFC, cathodal –
above the contralateral orbit, current strength 0.5mA) combined with sertraline as a treatment for
non-psychotic depression.
60 patients completed the study. They were randomized into three groups - 30-minute, 20-minute
or sham TCMP. Patients of all groups were taking 50 mg sertraline daily.
According to the Hamilton Depression Rating Scale (HAMD), there was a significant improvement
after the treatment (one-way ANOVA; p<0.001). Sham group (-43.4% 18.1) had a smaller
improvement compared to the 30-minute (-64.4% 13.4; p=0.0003) and 20-minute group (54.4%16.4;
p=0.039). 30-minute group had significantly greater percent improvement than 20-minute
group (p=0.049). Post-hoc test has shown that the difference was present in mild (HAMD<17;
p=0.02) but not in moderately depressed patients (17 < HAMD < 24; p=0.42). Responders
constituted 91% in 30-minute, 72% in 20-minute, and 50% - in the sham group, remitters – 68%,
28%, and 35%, respectively (Table 1). Apart from two hypomania cases and sleepiness, no adverse
effects were detected. 30-minute protocol can therefore be recommended for the treatment of
non-psychotic depression.
Perera et al., Brain Stimul. 9, 2016.
Meron et al.,Neurosci Biobehav Rev. 57, 2015.
Brunoni et al., JAMA Psych 70, 2013.
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Neuronal activity correlates with treatment response to transcranial magnetic stimulation
(TMS) in auditory verbal hallucinations (AVH)
K. Kunzelmann1, T. Dierks1, P. Homan1,2
1 Division of Systems Neuroscience of Psychopathology, Translational Research Center, University
Hospital of Psychiatry Bern, Switzerland
2 Departments of Psychiatry and Neuroscience, and Friedman Brain Institute, Icahn School of
Medicine at Mount Sinai, New York, NY 10029, USA
Introduction: About 40-80% of patients with schizophrenia suffer from auditory verbal hallucinations
(AVH). In about a third of these AVH patients, hallucinations remain even with antipsychotic drug
treatment. Transcranial magnetic stimulation (TMS) offers a potential treatment for these patients.
However, its efficacy is discussed in the literature as several studies found no difference in effects of
verum and sham TMS treatment. Thus, TMS response seems to be highly variable in patients with
AVH. Since neuronal activity in the superior temporal lobe has been related to the occurrence of AVH,
we postulate that neuronal activity in this area is a key factor in this variation in treatment response.
We therefore investigated neuronal activity measured indirectly by brain perfusion (cerebral blood flow,
CBF) as potential treatment response marker for TMS in AVH treatment.
Objectives: Investigation of neuronal activity assessed by CBF as potential treatment response
marker for TMS treatment in AVH.
Patients & Methods: 24 patients with schizophrenia suffering from medication-resistant AVH
underwent psychopathological assessments and resting-state magnetic resonance imaging (MRI) with
perfusion measured by arterial spin labeling (ASL) before and after TMS treatment for 10 days.
Responders were defined by a clinically relevant reduction of hallucination change scale (HCS) ratings
of 50%.
Results: 9 of 24 patients were defined as responders. Responders could be differentiated by a higher
CBF in the left superior temporal gyrus (STG), in an area located very close to the TMS targeted area.
Additionally, CBF values before treatment correlated positively with amount of improvement in HCS
scores. Thus, patients with higher perfusion in STG before treatment showed a higher reduction in
symptom severity.
Conclusion: In this study, neuronal activity measured by regional cerebral blood flow correlated with
response to TMS treatment in patients with schizophrenia suffering from medication-resistant AVH.
This suggests that MRI resting-state perfusion measurement could be used to identify patients
benefitting from TMS treatment in advance of treatment.
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Bilateral effects of unilateral anodal tDCS on motor cortex plasticity and the cross-transfer of
strength.
*A. Frazer1, D. Kidgell2, M. Spittle1, J. Williams1
1Victoria University, Institute of Sport, Exercise and Active Living (ISEAL), Victoria, Australia
2La Trobe University, Department of Rehabilitation, Nutrition and Sport, Victoria, Australia
Introduction
Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation technique that utilizes
weak direct currents to induce polarity-dependent modulation of corticospinal excitability. The crosstransfer of strength following unilateral training may be modulated by increased corticospinal
excitability of the ipsilateral primary motor cortex (iM1). Although tDCS exerts a modulatory effect over
the stimulation region, several studies have also demonstrated that distal areas of the brain connected
to the region of stimulation may also be affected. However, no studies have investigated the effect of
unilateral anodal-tDCS (a-tDCS) on the contralateral unstimulated hemisphere and whether this
increases or decreases bilateral M1 activity and its subsequent effects on motor performance.
Objectives: We examined the bilateral effect of unilateral a-tDCS applied to either the iM1 or
contralateral M1 prior to a single bout of unilateral strength training on corticospinal excitability,
inhibition, and the cross-transfer of strength.
Materials & Methods
In a randomized cross-over design, changes in strength, corticospinal excitability and inhibition of the
untrained arm, were analysed in 13 participants in both left and right M1. Participants were exposed to
20 min of anodal and sham tDCS in a contralateral (anode over the left M1) or ipsilateral (anode over
right M1) arrangement, followed by an acute bout of strength training of the right biceps.
Results
Both contralateral and ipsilateral a-tDCS and strength training of the right biceps, increased strength of
left untrained biceps by 10% and 12% compared to 3% following sham tDCS. TMS revealed that both
arrangements of a-tDCS in combination with strength training, increased corticospinal excitability and
decreased silent period duration in both hemispheres, however these changes were greater in the left
hemisphere compared to sham tDCS and training (P < 0.05).
Conclusion
The findings show that a-tDCS in both contralateral and ipsilateral arrangements in combination with
an acute bout of strength training induces bilateral corticospinal plasticity and increases the crosstransfer of strength.
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Using Transcranial Direct Current Stimulation (tDCS) as a Fatigue Countermeasure
*L. McIntire 1, A. McKinley2, J. Nelson1, C. Goodyear1
1Infoscitex, OH, United States
2711th HPW/RHCP, Applied Neuroscience Branch, Wright-Patterson Air Force Base, United States
Introduction
Long periods of sustained wakefulness are common in certain professions such as medicine,
transportation, and military operations. These professions also carry a high-level of risk when
performance on the job is not at its best. Caffeine is a common countermeasure used to combat the
degradations in performance due to sleep deprivation but the effects are short lasting. Therefore, it is
necessary to investigate other forms of fatigue countermeasures.
Objectives
Previously, we found that transcranial direct current stimulation (tDCS) in the middle of the night
(0400) during 26 hours of sustained wakefulness provided a performance and mood benefit that lasted
at least 6 hours. Caffeine only provided 2 hours of benefit. In this study, we examined the differences
between stimulation early into the night shift (1800) versus in the middle of the night (0400) and the
duration of benefit. These results were compared to a caffeine and control groups.
Patients & Methods
Five groups of ten participants in each received either active tDCS and placebo gum at 1800, caffeine
gum with sham tDCS at 1800, active tDCS and placebo gum at 0400, caffeine gum with sham tDCS at
0400, or sham tDCS with placebo gum at 1800 and 0400 during 36-hours of sustained wakefulness.
Participants completed a vigilance task, a working memory task, a psychomotor vigilance task (PVT),
and a procedural game beginning at 1800 hours and continued every two hours throughout the night
until 1900 the next day.
Results
tDCS dosed at 1800 provided 24 hours of improved reaction times compared to the control group.
Caffeine produced faster reactions times also compared to the control group but for half the duration
than the tDCS group. The tDCS group also had higher accuracy and lower lapses in attention than the
control group throughout the vigil. Early administration also resulted in improved mood ratings for the
tDCS group. When dosing at 0400, the tDCS group had similar reaction time and accuracy benefits as
the group dosed at 1800. The 0400 dosing of tDCS also had higher accuracy than the control group
throughout the rest of the vigil for the short-term memory task.
Conclusions
In conclusion, we believe tDCS could be a powerful fatigue countermeasure. The effects appear to be
more beneficial than caffeine because they are longer lasting and mood remains more positive.
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How tDCS modulates semantic processing: online versus offline stimulation
*S. Brückner1, T. Kammer1
1University of Ulm, Department of Psychiatry III, Ulm, Germany
Question
Effects of transcranial direct current stimulation (tDCS) vary in cognitive domains. Whereas anodal
tDCS mostly showed the expected excitatory effect known from the motor cortex, cathodal tDCS often
failed to hinder performance. It was suggested that the time of the task relative to tDCS may play a
critical role for the effects. We aimed to investigate the effects of anodal and cathodal tDCS on
semantic processing. Furthermore, the task was passed either during (online) or following (offline)
stimulation to explore the relationship between tDCS polarity and time of the task.
Methods
Three groups (20 subjects each) passed a lexical decision task (words vs. pseudowords) after being
stimulated with either anodal, cathodal or sham tDCS (offline groups). Three other groups are
designed to pass the task during stimulation (online groups). The active electrode was placed over
CP5 and the reference electrode extracephalic on the left shoulder. Stimulation intensity was 1mA. For
the offline groups, tDCS was applied for 15min. For the online groups, stimulation lasted for the whole
time of the task (25min).
Results
For the offline groups, mean reaction times (RTs) on words of the cathodal group were significantly
decreased with respect to the sham group (mean cathodal group: 584.8ms, mean sham group:
636.5ms, p=0.04). Additionally, a trend towards decreased RTs in the anodal group compared to the
sham group was observed (mean anodal group: 597.1ms, p=0.05). There was no difference in RTs on
words between the anodal and the cathodal group (p=0.55). Up to now, 13 subjects participated in the
online conditions (10 anodal, 3 sham, cathodal not yet measured). First visual inspection of the data
suggests that the online anodal group might show faster RTs than the offline anodal group.
Conclusions
Our preliminary data support the view that effects of tDCS on motor cortex excitability cannot be
transferred to other cortical regions. Additionally, there is evidence that tDCS effects depend on task
timing.
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Effect of closely repeated cathodal transcranial direct current stimulations
*A. Uncini1, F. Zappasodi1, G. Musumeci1,2, R. Navarra1, M. Caulo1, V. Di Lazzaro2
1University " G. d'Annunzio", Department of Neuroscience, Imaging and Clinical Sciences, Chieti, Italy
2University Campus Biomedico, Department of Neurology, Rome, Italy
Question
Transcranial direct current stimulation (tDCS) is usually employed in humans with intensity up to 2 mA,
duration up to 20 minutes, once a day for maximum two weeks. The duration and strength of the aftereffects of tDCS depend on intensity, duration and repetition. We previously showed that in the rat
cathodal tDCS with high, although still in the safety limits, current and charge density (2.83 mA/cm2
and 25470 C/m2) applied 12 times in 6 hours did not cause microscopic damage at histology.
Aim of this work is investigate the effects and safety of closely repeated cathodal tDCS in humans.
Methods
Eight right handed healthy volunteers (6 males, age: 20-42 years) received within 24 hours 5 cathodal
tDCS by a 70 cm2 electrode centered over the cortical representation of the left first interosseous
dorsalis (intensity 2mA with current density 0,0286 mA/cm2, duration 20 minutes with charge density
342.8 C/m2, total charge density for 5 stimulations 1714.2 C/m2) and by a return electrode placed on
the ipsilateral shoulder. 3T MRI (volumetry, spectroscopy, diffusion and susceptibility weighted
images), visual reaction time, Flanker test, N-back test and verbal fluency test were done at baseline
and after 3 and 5 stimulations. MEPs after TMS were recorded in the contralateral FDI.
Results
Four hours after the second stimulation MEP amplitude was significantly reduced compared to
baseline. MRI showed no modifications of the baseline images after 3 and 5 stimulations and in
particular no evidence of ischemia, vasogenic edema, hemorrhage or cortical swelling. The Flanker
and N-back tests showed an improvement in the mean response time and percentage of correct
responses after 5 stimulations compared to baseline. Visual reaction time and verbal fluency did not
change. All subjects tolerated well the procedure reporting only a mild stinging sensation under the
cephalic electrode during the stimulation. No lesion or redness of the scalp or shoulder skin
developed.
Conclusion
We confirm in humans that an intensive protocol with closely repeated cathodal tDCS is safe and can
be used in the attempt to obtain stronger and long lasting effects for clinical purposes.
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Causal evidence for frontal cortex organization for perceptual decision-making
*D. Rahnev1
1Georgia Tech, Psychology, Atlanta, United States
Introduction
Perceptual decision-making emerges from the orchestrated activity of large patches of cortex. Recent
research suggests a central role for the prefrontal cortex (PFC) in the control of various stages of
visual processing, yet we still lack an overarching theory of PFC’s involvement in perception.
Objectives
Perceptual decision-making is temporally organized such that it requires the processes of selection
(stage 1), criterion setting (stage 2), and evaluation (stage 3). We hypothesized that exploring this
temporal structure would reveal a large-scale PFC organization for perception, in line with the
existence of a similar gradient for cognitive control. More specifically, we hypothesized that the caudal,
middle, and anterior parts of the lateral frontal cortex controls selection (stage 1), criterion setting
(stage 2), and metacognitive evaluation (stage 3), respectively.
Materials & Methods
We tested this proposal by creating a novel task that combines spatial attention, speed-accuracy
manipulation, and confidence ratings (Figure 1). We then performed a 6-day experiment that included
behavioral training with the task (day 1), an fMRI session that allowed us to functionally identify each
of the three regions of interest as well as S1, which served as a control region (day 2), and four
continuous theta burst (cTBS) sessions (days 3-6) that were designed to provide causal evidence for
the role of the three frontal areas in each of the three stages of perception (Figure 1, N=17).
Results
We found clear evidence for a specialization along the rostro-caudal axis such that the control of each
successive stage of perceptual decision-making was selectively affected by perturbation of
successively more rostral areas (Figure 2). In addition, we developed a dynamic model of decisionmaking that provided excellent fit to the data and suggested distinct computational contributions of
each region. Finally, the emergent frontal gradient for perceptual decision-making was further
corroborated by the pattern of activations during the functional MRI session.
Conclusion
These causal results provide an organizational principle for the role of frontal cortex in the control of
perceptual decision-making and suggest specific mechanistic contributions for its different subregions.

383

Figure 1

Figure 2

384

P289
Induction of neuronal plasticity by transcranial direct current stimulation in healthy older
adults
*D. Antonenko1,2, F. Bohm1, F. Schubert3, S. Aydin3, B. Ittermann3, A. Flöel1,2,4
1Charité University Medicine, Neurology, Berlin, Germany
2Charité University Medicine, NeuroCure Cluster of Excellence, Berlin, Germany
3Physikalisch-Technische Bundesanstalt , PTB, Braunschweig/Berlin, Germany
4Charité University Medicine, Center for Stroke Research Berlin, Berlin, Germany
Introduction
Transcranial direct current stimulation (tDCS) has emerged as an efficient tool to enhance cognitive
functioning in young as well as older adults. The underlying neuronal mechanisms, however, are still
insufficiently understood. Especially studies investigating neuronal correlates of tDCS-induced
plasticity in healthy older adults are rare.
Objectives
The objective of the study was to investigate the mechanisms underlying tDCS-induced neuronal
modulation in a group of healthy older adults. In particular, alterations in resting state functional
connectivity within the motor network as well as GABA concentration within the primary motor cortex
were examined.
Materials & Methods
In this study, we assessed the effects of anodal, cathodal, and sham tDCS over the left primary motor
cortex on functional connectivity of the motor network and GABA concentration in a group of healthy
older adults. Stimulation of 1 mA was applied for 15 min with anodal or cathodal polarity; for 30
seconds in sham stimulation. The three stimulation conditions were separated by at least one week
and their order was counterbalanced across the group. GABA concentration was assessed by MRS
using MEGA-PRESS at 3 T before and after the stimulation interval. Resting-state fMRI scans were
obtained twice during stimulation, separated by a break of 3 min.
Results
In line with previous studies with young adults, GABA concentration change was lower in the anodal
tDCS condition as compared to the sham tDCS condition. Resting state motor networks showed a
reduced inter-hemispheric functional connectivity between left and right primary motor cortices during
anodal tDCS compared to cathodal and sham tDCS. This observation is consistent with results in
young and older adults that have assessed tDCS-induced alterations of inter-hemispheric functional
connectivity during resting-state fMRI.
Conclusion
Our study demonstrates tDCS-induced neuronal plasticity in healthy older adults. This observed
reorganization of the functional architecture of the motor cortex is in line with recent tDCS studies in
young adults, however, research results are still heterogeneous. In sum, our data suggests that anodal
tDCS induced a functional decoupling of motor cortices, indicating a reversal of age-related effects on
inter-hemispheric connectivity.
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Transcranial direct current stimulation over the left and the right prefrontal cortex differentially
affects pattern recognition in language domain
*K. Horváth1,2, Z. Zavecz1,2, Z. Illyés1, K. Janacsek1,2, D. Nemeth1,2
1Eötvös Loránd University, Budapest, Hungary
2Hungarian Academy of Sciencies, Budapest, Hungary
Recognition of elements and patterns in the environment is an evolutionary fundamental ability of ours.
These processes are crucial in decision making, learning and memory. The prefrontal cortex has a key
role in recognition of patterns both in visual and language domain. The aim of the present study was to
directly investigate the causal role of the left and the right PFC in pattern recognition in language
domain. Twenty healthy young adults participated in the experiment. Transcranial direct current
stimulation (tDCS) was used in order to modify the neural excitability of the targeted brain areas (F3 or
F4). The reference electrode was placed over Cz. Performance was tested by a new, ecologically valid
word search task. We used a within subject design in which all of the participants received 20-minute,
2 mA left PFC anodal, right PFC anodal or sham stimulation through three sessions, one week apart
from each other. Our results can lead to a deeper understanding of the role of the prefrontal cortex in
pattern extraction in language domain and hemispheric differences in this essential process.
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Transcranial direct current stimulation modulates neurogenesis and microglia activation in the
mouse brain
A. Pikhovych1,2, N. P. Stolberg1, H. L. Walter1, R. Graf2, G. R. Fink1,3, M. Schroeter1,2,3, *M. A.
Rueger1,2,3
1University Hospital of Cologne, Department of Neurology, Cologne, Germany
2Max Planck Institute for Metabolism Research, Cologne, Germany
3Institute of Neuroscience and Medicine, Cognitive Neuroscience, Juelich, Germany
Transcranial direct current stimulation (tDCS) has been suggested as an adjuvant tool to promote
recovery of function after stroke, but the mechanisms of its action to date remain poorly understood.
Moreover, studies aimed at unraveling those mechanisms have essentially been limited to the rat,
where tDCS activates resident microglia as well as endogenous neural stem cells. Here we studied
the effects of tDCS on microglia activation and neurogenesis in the mouse brain.
Male wild-type mice were subjected to repetitive tDCS of either anodal or cathodal polarity; shamstimulated mice served as control. Activated microglia in the cerebral cortex, and neuroblasts
generated in the subventricular zone as the major neural stem cell niche, were assessed
immunohistochemically.
Repetitive tDCS at a sub-lesional charge density led to a polarity-dependent downregulation of the
constitutive expression of Iba1 by microglia in the mouse cortex. In contrast, both anodal and - to an
even greater extent - cathodal tDCS induced neurogenesis from the subventricular zone.
Data suggest that tDCS elicits its action through multi-facetted mechanisms, including
immunomodulation and neurogenesis, and thus support the idea of using tDCS to induce regeneration
and to promote recovery of function. Furthermore, data suggest that the effects of tDCS may be
animal- and polarity-specific.
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10 Hz rTMS induces long-term depression of GABAergic neurotransmission
*M. Lenz1,2, C. Galanis2, F. Müller-Dahlhaus3,4, A. Opitz5,6, C. J. Wierenga7, G. Szabó8, U. Ziemann3,4,
T. Deller2, K. Funke9, A. Vlachos1,2
1Heinrich-Heine-University, Institute of Anatomy II, Faculty of Medicine, Düsseldorf, Germany
2Goethe-University, Institute of Clinical Neuroanatomy, Neuroscience Center, Frankfurt/Main,
Germany
3Eberhard-Karls-University, Department of Neurology and Stroke, Tübingen, Germany
4Eberhard-Karls-University, Hertie Institute for Clinical Brain Research, Tübingen, Germany
5Nathan Kline Institute for Psychiatric Research, Center for Biomedical Imaging and Neuromodulation,
Orangeburg, 10962 New York, United States
6Child Mind Institute New York, Center for the Developing Brain, 10022 New York, United States
7Utrecht University, Division of Cell Biology, Faculty of Science, Utrecht, Netherlands
8Institute of Experimental Medicine, Laboratory of Molecular Biology and Genetics, Budapest, Hungary
9Ruhr-University, Department of Neurophysiology, Medical Faculty, Bochum, Germany
Question
The cellular and molecular mechanisms of rTMS-induced neural plasticity remain not well understood.
Recent experimental evidence obtained in mouse brain slice cultures disclosed that 10 Hz repetitive
magnetic stimulation (rMS) induces long-term potentiation (LTP) of excitatory neurotransmission.
These studies support the notion that rTMS acts through the induction of ‘LTP-like’ plasticity. Here, we
tested whether rTMS increases cortical excitability by mediating long-term depression (LTD) of
inhibitory neurotransmission.
Methods
Immunohistochemistry, fluorescence recovery after photobleaching, GABA-uncaging experiments and
paired whole-cell patch clamp recordings were used in entorhino-hippocampal slice cultures to study
the effects of 10 Hz rMS on structural and functional properties of inhibitory synapses of CA1
pyramidal neurons.
Results
We report that 10 Hz rMS reduces dendritic but not somatic GABAergic neurotransmission onto CA1
pyramidal neurons. These functional changes are accompanied by structural remodeling of inhibitory
postsynapses and depend on the activation of voltage gated sodium channels, L-type voltage gated
calcium channels, NMDA-receptors, and calcineurin protein phosphatases. Consistent with these
findings, a reduction in gephyrin cluster sizes and numbers is detected in CA1 stratum radiatum 2 h
after 10 Hz rTMS of anaesthetized mice.
Conclusion
rMS appears to be a potent tool to induce Ca2+-dependent structural and functional changes of both
excitatory and inhibitory synapses. We propose that 10 Hz rTMS may shift excitation/inhibition-balance
in neuronal networks by inducing LTP of excitatory and LTD of inhibitory neurotransmission.
(supported by DFG and Federal Ministry of Education and Research, Germany; GCBS-WP1)
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Assessment of primary motor cortex plastic changes following the use of a new prosthetic
system able to provide somatosensory feedback from the missing hand in an amputee patient:
a TMS study.
*R. Di Iorio1, G. Granata1, F. Vecchio2, F. Miraglia2, P. M. Rossini2,1
1Catholic University of Sacred Heart - Policlinico Gemelli Foundation, Institute of Neurology, Rome,
Italy
2IRCCS San Raffaele Pisana, Brain Connectivity Laboratory, Rome, Italy
Introduction
The cortical representation of a muscle can be significantly modified by plastic reorganization following
a limb amputation. These plastic changes are not immutable and can be further modified restoring by
the use of prosthesis like new bionic anthropomorphic prosthesis connected to the peripheral nervous
system via bidirectional neural interfaces. Transcranial magnetic stimulation (TMS) is a non-invasive
technique commonly used to assess topographical reorganization of motor brain areas.
Objective
The aim of this study is to evaluate the motor cortical reorganization of primary motor cortex with the
TMS mapping technique in a left trans-radial amputee patient following the use of a novel prosthetic
system able to provide somatosensory feed-back from the lost hand of the user.
Materials and methods
Cortical motor output was mapped via TMS ( intensity 10% above standardized excitability motor
Threshold) for each hemisphere at the beginning, after 1 month and 2 month of training with the new
prosthetic system. Peripheral responses were recorded from forearm flexor and extensor carpi ulnaris
muscles of both limbs. Resting and Active motor threshold were also collected during separate
mapping of right and left hemispheres.
Results
No significant differences were found in the motor thresholds between the two hemispheres before
and after implantation. Pre-surgical TMS motor maps showed a slight abnormal interhemispheric
asymmetry of motor cortex topography, resulted in a smaller area of representation of muscles
governing the stump compared to the area for the intact limb. Following training, post-surgical maps,
showed a reduction and a partial reversal of this asymmetry because of an enlargement of the
excitable area on the right hemisphere contralateral to the stump, leading towards a more symmetrical
muscle representation in the two hemispheres, as in control subjects.
Conclusions
Our experiment provides a direct and unique evidence of brain plasticity changes occurring in the
motor cortex following the use of a prosthetic system able to restore a somatosensory feedback from
the missing limb after amputation.
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Developmental profile of interhemispheric inhibition in children
*P. Ciechanski1, E. Zewdie1, A. Kirton1
1University of Calgary, Calgary, Canada
Question
Interhemispheric inhibition (IHI) is a crossed, transcallosal inhibitory relationship between the left and
right motor cortex (M1). This can be assessed in vivo using transcranial magnetic stimulation (TMS).
Interhemispheric interactions may be altered in disease such as stroke where IHI imbalance is a
potential target for therapeutic neuromodulation. IHI is well defined in adults, but its properties in the
developing brain are poorly defined.
Methods
24 typically developing, right-handed children aged 6-18 years completed a TMS-evaluation of
transcallosal inhibition. Bilateral ipsilateral silent period (iSP) measures delivered suprathreshold
(120% resting motor threshold, RMT) stimulation during 50% maximum contraction of the ipsilateral
first dorsal interosseous. Bidirectional paired-pulse IHI (LtoR and RtoL) delivered a 120%RMT
conditioning stimulus prior to contralateral 120%RMT test stimulus at interstimulus intervals (ISI) of 8,
10, 40 or 50ms.
Results
Left iSP latency (r=-0.38) and suppression (r=0.48) correlated with age and degree of handedness
(r=0.49). Right iSP was not associated with age or handedness. Children exhibited IHI in both LtoR
and RtoL directions with maximal reduction of 70% in RtoL at a 40ms ISI. RtoL IHI was greater than
LtoR at ISI of 10, 40 and 50ms. IHI was positively correlated with handedness in both directions
(r=0.47): more “right-handed” subjects had less IHI. iSP suppression and LtoR IHI were negatively
correlated (r=-0.53), whereas iSP suppression and RtoL IHI displayed a positive correlation (r=0.52).
Conclusions
Interhemispheric inhibition is measureable in children with TMS. iSP and IHI demonstrate
developmental effects of age and laterality. In contrast to some adult descriptions, elements of iSP and
IHI appear to be associated. Understanding the developmental profile of IHI and iSP may inform the
study of interhemispheric neurophysiology in pediatric disease states.
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APOE polymorphism and cortical plasticity are independently associated with cognitive
decline in Alzheimer’s disease.
*F. Di Lorenzo1, C. Motta1, V. Ponzo1, S. Bonnì1, A. Martorana1, G. Koch1
1Non Invasive Stimulation Unit, Fondazione Santa Lucia, Roma, Italy
Introduction
APOE E4 allele associates not only with AD risk and a lower age onset, but also with faster cognitive
decline and greater cerebral atrophy, suggesting a key role of this polymorphism in modulating both
disease risk and clinical outcome.
Objectives
In this study we investigated the correlation between cognitive decline, motor cortical plasticity and
cerebrospinal fluid (CSF) biomarkers profile of AD patients divided by APOE polymorphism in E4 allele
carriers (E4) and homozygous E3 carriers.
Materials & Methods
A monophasic Magstim 200 device was used to deliver intermitted/continuous theta burst stimulation
(iTBS/cTBS) protocols. ELISA was used for determination of CSF biomarkers level. Forty-one AD
patients underwent lumbar puncture for CSF withdrawal, blood screening for APOE polymorphism,
stimulation protocols applied over the primary motor cortex and mini mental state examination (MMSE)
at baseline and at 6-, 12- and 18-months.
Results
No difference was found in CSF biomarkers profile within the APOE variants group. I-TBS after-effects
were significantly reduced in E3 in comparison with E4 AD patients. Correlation analyses revealed that
the individual amount of iTBS induced plasticity correlated with delta-MMSE and total Tau showing
that a less pronounced LTP-like plasticity and higher total-Tau CSF levels were associated with a
higher delta-MMSE. Only in apoE4 patients Tau pathology correlates with cortical plasticity impairment
and cognitive decline. A multivariate analysis showed that APOE polymorphism and LTP-like plasticity,
but not t-Tau levels, are independently able to predict delta-MMSE in AD patients.
Conclusions
APOE variants show different level of cortical plasticity and are independently associated with clinical
progression in AD patients. Tau pathology is specific for ApoE4 group driving cortical plasticity
impairment and cognitive decline. ApoE4 patients represent a pure model of TAU-driven AD
pathology. ApoE3 patients are characterized by different mechanisms of cortical plasticity impairment
and clinical symptoms. LTP impairment is a marker of pathophysiological dysfunction in AD and, as
such, it should be taken in account also for the adoption of new pharmacological strategies,
considering AD as a disorder of synaptic plasticity.
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Spike timing dependent plasticity in the human parietal-prefrontal network
*E. P. Casula1, M. C. Pellicciari1, S. Picazio1, C. Caltagirone1, G. Koch1
1Non-invasive Brain Stimulation Unit, Santa Lucia Foundation, Rome, Italy
Question
Learning may occur through associative changes in the synaptic strength of neural connections that
can be induced by coupling of activity of interconnected neurons with precise timing (spike-timing
dependent plasticity, STDP). It is debated if this model can be applied in the context of large-scale
cortical networks in humans.
Methods
We combined transcranial magnetic stimulation with concurrent electroencephalography to directly
investigate if precise repeated activation of pre and post-synaptic large-scale cortical inputs produces
STDP effects within the parietal-prefrontal network of 15 healthy volunteers.
Results
We found direct evidence for bidirectional STDP after effects over the DLPFC ruled by the PPC presynaptic inputs. Specifically, when the pre-synaptic input (PPC) precedes repeatedly the post-synaptic
activation (DLPFC) by 10 ms a LTD-like effect of TMS-evoked activity is induced within the DLPFC.
When the temporal order of the two stimulated areas is reverted, i.e. the pre-synaptic input (PPC)
follows the post-synpatic input (DLPFC), we observed an LTP-like effect. Interestingly, such changes
were accompained by PAS-depedendent modulations of the natural frequency of oscillation of the
DLPFC, i.e. gamma activity.
Conclusions
We provide novel evidence that paired associative stimulation of posterior parietal cortex (PPC) and
dorsolateral prefrontal cortex (DLPFC) induces bidirectional STDP effects in the post synaptic area
(DLPFC) both in the time and in the time/frequency domain.
Figure 1
Butterfly plots and scalp distribution maps of grand-average response evoked from DLPFC stimulation
before (upper panels) and after (middle panels) fronto-parietal PAS (red lines) and parito-frontal PAS
(blue lines). Black boxes indicate significant differences between pre- and post-PAS conditions. Global
mean field power response after FP (red) and PF (blue) PAS over DLPFC. Thick lines indicate
whether FP-PAS (blue) or PF-PAS (red) induced a significant effect (p<0.025) or whether the two
conditions significantly differed from each other (green).
Figure 2
TRSP plots of the TMS-induced oscillatory activity over DLPFC before (left panels) and after (right
panels) FP-PAS (upper panels) and PF-PAS (lower panels). A PAS-dependent modulation of
oscillatory activity is appreciable, specifically FP-PAS produced an increase of TRSP values whether
PF-PAS resulted in the opposite effect.
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Sensory plasticity changes induced by somatosensory and cerebellar tDCS in alert mice
*J. Márquez-Ruiz1, C. A. Sánchez-León1, J. Ausín-Azofra2, C. Ammann3, A. Gruart1, J. DelgadoGarcía1
1University Pablo de Olavide, Division of Neurosciences, Seville, Spain
2Laboratorio Europeo de Neurotecnologías Inmersivas, Instituto Labhuman, Valencia, Spain
3Johns Hopkins Medical Institution, Department of Physical Medicine and Rehbilitation, Baltimore,
Spain
Introduction
During the past years, new evidence has revealed the importance of the cerebellar-brain-inhibition
(CBI) pathway on cognitive and sensory processing. The modulation of the cerebellar cortex through
non-invasive stimulation techniques, as transcranial direct-current stimulation (tDCS), could contribute
to the better understanding of neuronal mechanisms underlying the implication of cerebellar cortex in
these processes.
Objectives
The aim of this study was to explore cerebro-cerebellar interactions affecting long-term plasticity in the
somatosensory (SS) cortex by modulating cerebral and cerebellar cortical excitability in behaving
mice.
Materials & Methods
Mice were prepared for the chronic recording of local field potentials (LFPs) in the SS cortex in
response to electrical whisker pad stimulation, as well as for simultaneous tDCS. Animals received
tDCS over the cerebellum or the SS cortex at different current intensities with a duration of 5 s to
asses immediate effects, and during 20 min to address after-effects on SS-LFPs. tDCS effects on
long-term plasticity processes in the SS cortex were determined by using two conditioning protocols
consisting of 8 and 50 Hz whisker stimulation with a duration of 10 min and 96 seconds, respectively.
Each protocol was combined with the simultaneous presentation of tDCS or sham condition.
Results
Anodal increased and cathodal decreased in an immediate way the amplitude of SS-LFPs when
applied to the ipsilateral SS cortex, whereas the opposite effects were obtained when tDCS was
presented to the contralateral cerebellar cortex. Concerning long-term after-effects, cathodal tDCS
over the SS cortex induced a long-term depression of LFPs whereas no effects were observed after
anodal currents. Long-term potentiation of SS-LFPs was evoked by both cathodal and anodal
cerebellar tDCS. Finally and as expected, long-term depression and long-term potentiation of SS-LFPs
induced by 8 and 50 Hz whisker stimulation were modulated by simultaneous cerebellar tDCS.
Conclusions
The results demonstrate the capability of tDCS to modulate the excitability of SS and cerebellar
cortices, as well as the potential role of the cerebellar cortex in the control of plastic changes occurring
in the sensory cortex of behaving animals.
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Effects of cerebellar transcranial direct-current stimulation on cerebellar sensory-induced
LFPs and Purkinje cell activity in alert mice.
*C. A. Sánchez-León1, M. Gómez-Climent1, A. Jiménez-Díaz1, J. Delgado-García1, G. Cheron2,3, *J.
Márquez-Ruiz1
1University Pablo de Olavide, Division of Neurosciences, Seville, Spain
2Université de Mons, Laboratory of Electrophysiology, Mons, Belgium
3Université Libre de Bruxelles, Laboratory of Neurophysiology and Movement Biomechanics, Brussels,
Belgium
Introduction
During last years the putative effects of cerebellar transcranial direct-current stimulation (tDCS) has
attracted the attention of basic and clinical neuroscientist. Nevertheless, the impact of exogenous
electric fields on the different components of the cerebellar network is not already elucidated.
Objectives
The aim of this study was to characterize physiological mechanisms underlying short- and long-term
effects associated to cerebellar tDCS in alert behaving mice. In particular, we explored the tDCS
impact on the cerebellar response to sensory inputs (whisker stimulation) and the potential modulation
of Purkinje Cell (PC) discharge rates.
Materials & Methods
Mice were prepared for chronic recording of local field potentials (LFPs) and PC firing in the CrusI/II
region of the cerebellum. Along the experimental sessions spontaneous and stimulus-induced (by
electrical whisker pad stimulation) activity of PCs (identified by the presence of simple and complex
spikes) were recorded before, during and after anodal and cathodal tDCS applied over the cerebellum.
For that, we used ring-electrodes placed over the skull allowing simultaneous tDCS stimulation and
glass micropipette insertion for LFPs and extracellular unitary recording. tDCS was performed at
different current intensities for 5 s to test the immediate effects on sensory-related LFPs and PC
activity, and during 20 min to show after-effects on sensory related LFPs.
Results
Regarding to the immediate short-term effects (5 s), anodal and cathodal cerebellar tDCS increased
and decreased, respectively, the amplitude of N3 component of LFPs induced by simultaneous
whisker stimulation. This component has been previously reported to reflect the synaptic activity
between parallel fiber and the dendritic tree of PC. Interestingly, longer stimulation sessions (20 min)
induced long-term effects that last for more than one hour. Coherently, the firing rate of identified PC
was increased or decreased depending of the anodal or cathodal tDCS, respectively. PC response to
whisker tactile stimulation was also modulated in the same manner.
Conclusions
Present results demonstrate tDCS’s capability for short- and long-term modulation of the cerebellar
cortex, and specifically PCs firing activities.
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Inter-individual variability and intra-individual reliability of iTBS-induced neuroplasticity
mechanisms in the healthy brain
*L. Schilberg1, T. Schuhmann1, A. T. Sack1
1Maastricht University, Cognitive Neuroscience, Maastricht, Netherlands
Introduction
Neuroplasticity refers to either cortical reorganization or changes in synaptic efficacy between
neurons. We combined patterned TMS (iTBS) with electromyography (EMG) to assess and
characterize inter-individual variability and intra-individual reliability of TMS-induced neuroplasticity
mechanisms in the healthy brain. In the future, reliable measures of TMS-induced neuroplasticity
mechanisms could serve as early biomarkers of aberrant cortical neuroplasticity and they could help to
guide therapeutic progress of affected individuals.
Objectives
To investigate both (1) inter-individual variability and (2) intra-individual reliability of iTBS-induced
changes in corticospinal excitability, and (3) the association of individual prolonged measures of
corticospinal excitability with iTBS-induced changes in motor evoked potential (MEP) amplitudes.
Patients & Methods
We applied iTBS over the primary motor cortex (M1) to induce LTP-like mechanisms in fourteen
participants on two separate visits and we used EMG from the first dorsal interosseous (FDI) muscle
to measure changes in TMS-elicited MEP amplitudes over sixty minutes. We applied sham-iTBS to
measure unmodulated prolonged corticospinal excitability.
Results
Over a grand period of sixty minutes iTBS led to a group increase of corticospinal excitability, whereas
sham-iTBS had no modulatory effects. This increase was reduced on a second measurement (Fig.1)
and individual measures had low reliability (Fig.2). Furthermore, individual measures of corticospinal
excitability over a prolonged time period (sham-visit) of up to sixty minutes were not associated with
the measures of iTBS-induced changes in MEP amplitude of both stimulation visits.
Conclusion
At the group level iTBS over M1 has a facilitatory effect on corticospinal excitability. However, this
group effect appears to weaken during a second assessment. Furthermore, we find that there is high
inter-individual variability and low intra-individual reliability of the observed iTBS-induced
neuroplasticity measures. This creates great challenges for the interpretation of group iTBS effects on
corticospinal excitability and it is thus difficult to define general characteristics of neuroplasticity
mechanisms that are reliably transferable to the individual level.
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Repetitive magnetic stimulation reverses the synaptic phenotype of cultured rat CA1 pyramidal
neurons in a maternal immune activation model of schizophrenia
*C. Galanis1,2,3, M. Lenz2, V. Aliane3, K. Funke3, A. Vlachos1,2
1Goethe-University, Institute of Clinical Neuroanatomy, Neuroscience Center, Frankfurt/Main,
Germany
2Heinrich-Heine-University, Institute of Anatomy II, Faculty of Medicine, Düsseldorf, Germany
3Ruhr-University, Department of Neurophysiology, Medical Faculty, Bochum, Germany
Question
Gestational infection is a risk factor for psychiatric disorders. Accordingly, preclinical models of
maternal immune activation (MIA) have been developed to study effects of gestational infection on
neural and behavioral dysfunction in the offspring. Considering that early pre-symptomatic stages of
schizophrenia may affect hippocampal circuits, we here established a hippocampal ‘organotypic in
vitro MIA model’ based on the well-established polyinosinic-polycytidylic acid [Poly(I:C)] model of
schizophrenia. We studied alterations in synaptic neurotransmission and tested whether repetitive
magnetic stimulation (rMS) influences alterations in synaptic excitation/inhibition-balance in this model.
Methods
Entorhino-hippocampal slice cultures were prepared from litters of Poly(I:C) or vehicle-only injected
pregnant dams. The effects of 10 Hz rMS on MIA associated alterations in synaptic properties were
assessed in CA1 pyramidal neurons using whole-cell patch clamp recordings.
Results
Our experiments disclose an increase in inhibitory synaptic strength, while excitatory synapses on
CA1 neurons are not changed in slice cultures prepared from Poly(I:C) offspring. This difference is
also observed in cultures prepared from cross-fostered animals, thus confirming that gestational
infection triggers the synaptic phenotype. Since our recent work has demonstrated that 10 Hz rMS can
shift synaptic excitation/inhibition-balance toward excitation, we employed this rMS protocol to test
whether we can influence the synaptic phenotype in the Poly(I:C) group. Indeed, 10 Hz rMS reversed
the increased inhibitory synaptic strength without affecting excitatory synapses in MIA slice cultures.
Conclusion
These results suggest that rMS may exert positive effects under pathological conditions by restoring
physiological synaptic excitation/inhibition-balance. We propose that ‘organotypic in vitro MIA models’
may serve as preclinical drug and intervention screening assays to evaluate and learn more about
rTMS-based treatment strategies in psychiatric diseases associated with gestational infection.
(supported by Federal Ministry of Education and Research, Germany (BMBF, GCBS-WP1:
01EE1403B))

399

P301
Long-term effects of transcranial electrical stimulation in the mouse visual cortex
D. Tsapa1, M. Ahmadlou1, *J. A. Heimel1
1Netherlands Institute for Neuroscience, Cortical Structure and Function, Amsterdam, Netherlands
Transcranial electrical stimulation is a popular method to modulate brain activity by applying a low
electric field to the skull. Despite this, its long-term effects are still ill understood. In this study, we
applied anodal transcranial direct current stimulation to the visual cortex of mice while presenting
visual stimuli. We used the genetically encoded calcium indicator GCaMP6 to measure the effect of
current stimulation on the response in the visual cortex. We found a strong direct increase in the visual
response when concurrently applying tDCS. We did not find a lasting effect of the stimulation during
an imaging session. However, when we repeated tDCS for four sessions at two days intervals, we
found an increase in the visual response in the visual cortex. This increased responses was not
specific to the grating stimulus which was coupled to the anodal stimulation, but was also seen for an
orthogonal grating presented without electrical stimulation. A similar increase was not found in mice
repeatedly imaged without tDCS. We conclude that anodal tDCS of the visual cortex can cause LTPlike plasticity of visual responses.
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Search for optimal protocol of temporal summation of experimental heat pain in healthy
volunteers
*N. Moeller1, H. Hacker1, K. Hahnenkamp1, T. Usichenko2
1University Medicine of Greifswald, Department of Anaesthesiology, Greifswald, Germany, Germany
2McMaster University, Department of Anesthesia, Hamilton, Canada, Canada
Question
Experimental human pain models are often insufficient to detect moderate effect of non-opioid
analgesic drugs or hypoalgesic neuromodulation. Measurement of temporal summation of pain (TSP)
is a promising tool for this purpose. The aim was to find out optimal stimulation parameters for a new
protocol that consistently reproduces the TSP phenomenon.
Material & Methods
Twenty healthy volunteers (15 females) underwent 4 sessions with different stimulation parameters
with an interval of at least 48 h in-between. After determining the individual pain threshold
temperature, pulsating heat stimuli were applied to the left ventral forearm with a ramp rate of 20°C/s
and a frequency of 0.33Hz using a CHEPS thermode (Medoc, Israel). Stimulation temperature, pulse
duration and number of stimuli were changed among the conditions I-IV (Table 1). Participants rated
the perceived pain of the first and every 10th heat stimulation using a numeric rating scale 0-100. TSP
was calculated as the difference between the lowest rating and the rating of the last stimulus and was
compared among 4 conditions.
Results
Condition IV yielded the largest TSP effect (20 ± 3.1; mean ± SEM), which was higher than TSP effect
of condition I (7.9 ± 2.2; p=0.03) and II (6.8 ± 1.5; p=0.012; Figure 1). TSP effects of condition III and
IV were comparable, however condition IV caused discomfort and intolerable pain in 9 participants; no
one complained about discomfort during other conditions.
Conclusion
The protocol with high number of repeated stimuli and short pulse duration (< 1.0 s) is feasible to
reproduce TSP phenomenon. Heat stimulation with long pulse durations and high stimulation
temperatures are not feasible in experimental human pain research.
Figure 1. Perceived pain intensity during 4 different heat stimulation conditions. TSP effect of condition
IV was higher than of condition I (* p=0.03) and than condition II (p=0.012; Bonferroni-corrected
Wilcoxon signed rank test).
Figure 1

Figure 2
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Brain-state triggered 100 Hz triple-pulse TMS differentially induces LTP- or LTD-like effects
depending on synchrony with negative or positive peak phase of endogenous sensorimotor
mu-alpha oscillations.
*C. Zrenner1, P. Belardinelli1, D. Desideri1, U. Ziemann1
1University Hospital Tübingen, Centre for Neurology, Tübingen, Germany
Brain state is constantly changing, however, TMS protocols designed to modulate brain excitability
don’t currently take into account the instantaneous state at the time of stimulation. Brain state
variability at the time of stimulation may contribute to the variability of the outcome. Here, we
investigate the question of whether the phase of sensorimotor mu-alpha activity at the time of the TMS
pulse affects the induction of corticospinal plasticity.
A randomized controlled trial was conducted using a cross-over double-blind design. 12 healthy
individuals were included and on different days received different plasticity induction protocol
consisting of 200 TMS triple pulses over the left M1 hand area with an inter-pulse-interval of 10ms.
Pulses were either triggered by the positive or negative phase peak of local sensorimotor activity. A
custom closed-loop signal processing system based on Simulink was used to estimate phase and
trigger the stimulator with millisecond accuracy. The intervention lasted 200-300 seconds.
Corticospinal excitability was assessed by EMG potentials measured from the right hand muscles at
different time-points before and after the intervention. Two control conditions were included, (1) an
open-loop “replay”, and (2) an occipital EEG trigger.
Muscle potentials evoked 15 and 30 minutes after the induction protocol differed significantly between
stimulation synchronized to the positive phase (group average -14% after 30 minutes) and the
negative phase (magnitude +36%). No significant difference was observed in the control conditions.
Individually, 11 out of the 12 subjects showed an effect consistent with the group, with the average
difference in muscle potential magnitude after 30 minutes amounting to 50% of the baseline.
The instantaneous brain state at the time of stimulation significantly affects the outcome of the triplet
stimulus protocol. Stimulation during the negative phase of local oscillatory alpha activity causes an
LTP like effect lasting at least 30 minutes, and during the positive phase an LTD like effect. It appears
that open-loop stimuli can cancel each other out when same sequence of stimuli is applied irrespective
of phase. This result motivates the further development of closed-loop EEG-triggered neuromodulatory
brain stimulation methods.
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Physical exercise improves long-term memory more than transcranial direct current
stimulation
*A.- H. Javadi1, F. Ifram1
1University of Kent, School of Psychology, Canterbury, Great Britain
Question
It has been shown that electrical brain stimulation, in particular transcranial direct current stimulation
(tDCS), can improve memory performance. Physical exercise has also been shown to be able to
improve different aspects of cognition. The aim of this study was to investigate which of these methods
is more effective in improvement of long-term memory. Those tDCS and physical exercise protocols
were chosen that have been shown to be effective in improvement of long-term memory: tDCS during
memorisation (targeting encoding phase) and physical exercise after memorisation (targeting
consolidation phase). We expected to see improvement following application of both methods. No
prediction was made on which method is more effective.
Methods
Participants (n = 24) took part in three experimental sessions. They were asked to memorise a set of
images (‘encoding’) for a later old/new recognition task (‘recognition’). In one of the sessions
participants were asked to cycle for 30 minutes on an exercise bike following encoding. In the other
two sessions they received either 15 minutes (‘active’ stimulation) or 16 seconds (‘sham’ stimulation)
of 1.5 mA anodal tDCS applied over the left dorsolateral prefrontal cortex (left-DLPFC). Performance
of the participants in the recognition phase was recorded for analysis.
Results
Both physical exercise and active stimulation led to significant improvement of long-term memory
performance compared to sham stimulation (paired sample t-test p < 0.01 and p < 0.05, respectively).
Physical exercise, however, led to stronger improvement (cohen’s d effect size physical exercise >
active tDCS).
Conclusions
These results show that only 30 minutes of physical exercise can significantly improve long-term
memory performance. Furthermore, this duration of physical exercise during consolidation was more
effective than 15 minutes of tDCS during encoding. Considering that tentatively physical exercise lead
to less adverse side effects as compared to electrical brain stimulation, physical exercise can be
considered potentially a more effective method of cognitive enhancement, in particular in healthy
participants.
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Repeated Anodal Transcranial Direct Current Stimulation Induces Neural Plasticity-Associated
Gene Expression in the Rat Cortex and Hippocampus
J. A. Yoon1, H. Koo2, Y.- H. Kim3, M. S. Kim2, Y.- I. Shin1, *G. M. Cho1
1Pusan National University, Rehabilitation Medicine, Yangsan, South Korea
2Wonkwang University College of Medicine, Physiology, Iksan, South Korea
3Sungkyunkwan University School of Medicine, Physical and Rehabilitation Medicine, Seoul, South
Korea
Anodal transcranial direct current stimulation (a-tDCS) induces a long-lasting increase in cortical
excitability, a form of plasticity similar to long-term potentiation (LTP). The purpose of this study was to
evaluate the expression of genes related to activity-dependent neuronal plasticity in the cortex and
hippocampus of rats following a-tDCS. We applied a-tDCS over the right somatosensory cortex
epicranially with a circular electrode (3 mm diameter) at 250 mA for 20 min per day for 7 consecutive
days (Figure 1). Levels of mRNA for brain-derived neurotrophic factor (BDNF), cAMP response
element-binding protein (CREB), synapsin I, Ca2+/calmodulin-dependent protein kinase II (CaMKII),
activity-regulated cytoskeleton-associated protein (Arc), and c-Fos were analyzed using SYBR Green
quantitative real-time polymerase chain reaction (PCR) 7 days of unilateral a-tDCS resulted in
significant increases in transcription of all plasticity-related genes tested in the ipsilateral cortex.
BDNF, c-Fos, and Arc mRNA levels showed non-significant decreases in the contralateral cortex of
rats that underwent A-tDCS (Figure 2). Daily A-tDCS also resulted in a significant increase in c-Fos
mRNA in the ipsilateral hippocampus. These results indicate that altered expression of plasticityassociated genes in the cortex and hippocampus is a molecular substrate of a-tDCS-induced neural
plasticity.
Figure 1. Experimental setup for A-tDCS in rats. (A) Schematic representation of electrode
implantation and swivel adaptor, which permitted stable and long-term application of A-tDCS. (B) a,
implantation of a circular anodal electrode over the right somatosensory cortex. b, fixation of pedestal
on the skull using screws and dental cement, c, connection of the pedestal to swivel adaptor . Rats
were allowed to move freely during periods of A-tDCS.
Figure 2. Modification of IEGs levels by daily A-tDCS and effects of daily A-tDCS on plasticity-related
gene levels in the somatosensory cortex. Expression levels of mRNA for (panel A) BDNF, (panel B)
CREB, (panel C) synapsin I, (panel D) CaMKII, (panel E) c-Fos, and (panel F) Arc in the cortex. ipsi,
ipsilateral side to A-tDCS; contra, contralateral side to A-tDCS.
*This research was supported by National Research Foundation of Korea (NRF) funded by the
Ministry of Education, Science and Technology (NRF-2014R1A2A2A01002501)
Figure 1
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Calcium imaging reveals glial involvement in transcranial direct current stimulation-induced
plasticity in mouse brain
*H. Monai1, M. Ohkura2, M. Tanaka1, Y. Oe1, A. Konno3, H. Hirai3, K. Mikoshiba1, S. Itohara1, J.
Nakai2, Y. Iwai1, H. Hirase1,2
1RIKEN BSI, Wako, Japan
2Saitama Univ., Saitama, Japan
3Gunma Univ., Maebashi, Japan
Transcranical direct current stimulation (tDCS) is a treatment known to ameliorate various neurological
conditions and enhance memory and cognition in humans. tDCS has gained traction for its potential
therapeutic value; however, little is known about its mechanism of action. Using a transgenic mouse
expressing G-CaMP7 in astrocytes and a subpopulation of excitatory neurons, we find that tDCS
induces large-amplitude astrocytic Ca2+ surges across the entire cortex with no obvious changes in the
local field potential. Moreover, sensory evoked cortical responses are enhanced after tDCS. These
enhancements are dependent on the alpha-1 adrenergic receptor (A1AR) and are not observed in
IP3R2 (inositol trisphosphate receptor type 2) knockout mice, in which astrocytic Ca2+ surges are
absent. Together, we propose that tDCS changes the metaplasticity of the cortex through astrocytic
Ca2+/IP3 signalling. Moreover, the stimulation parameters were found to be sufficient to alleviate a
mouse model of depression by chronic restraint stress.
Figure 1
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Demonstration of Short-term Plasticity in the Dorsolateral Prefrontal Cortex with Theta Burst
Stimulation: a TMS-egg Study
*S. W. Chung1, B. P. Lewis1, N. C. Rogasch2, S. Takashi1, R. Thomson1, N. W. Bailey2, K. E. Hoy1, P.
B. Fitzgerald1
1Monash University (Monash Alfred Psychiatry research centre), Central Clinical School, Melbourne,
Australia
2Monash University, Brain and Mental Health Laboratory, School of Psychological Sciences and
Monash Biomedical Imaging, Melbourne, Australia
Introduction
Repetitive transcranial magnetic stimulation has the unique ability to modulate cortical activity. In
particular, theta burst stimulation (TBS) has gained notable attention due to its efficacy in short
stimulation durations. Vast majority of TBS studies have demonstrated corticospinal excitability
change, however we know very little about the effects of TBS on cortical excitability outside of the
motor cortex. There is increasing interest in the use of TBS as a therapeutic tool for disorders such as
depression and schizophrenia. In developing clinical applications in such psychiatric illnesses, there is
a need to explore whether the same effects on corticospinal excitability are achieved in non-motor
regions.
Objectives
The study aimed to examine the effects of iTBS and cTBS on cortical excitability in the dorsolateral
prefrontal cortex, a brain region relevant to the treatment of a number of neuropsychiatric disorders.
We hypothesized that iTBS and cTBS protocol would increase and decrease cortical excitability
respectively.
Materials & Methods
10 healthy participants were stimulated with either iTBS, cTBS or sham on F3 electrode over 3
different sessions. TMS-EEG was used to assess cortical excitability change via TMS-evoked
potentials (TEPs) and TMS-evoked oscillations.
Results
Analysis on F3 revealed increase in N120 amplitude (p = .009) from pre to post iTBS. Cluster-based
statistics showed one significant negative cluster at N120 (p = .003), indicating increased amplitude at
the site of stimulation and contralaterally. TBS-induced changes (post - pre) were calculated and
compared among different TBS conditions. N120 amplitude post iTBS was higher than cTBS at F3 (p
= .042).
TMS-evoked oscillations were significantly increased after iTBS in theta frequency at F3 from 50 to
250 ms (p = .044). TMS-evoked oscillations among different TBS at F3 yielded higher theta power
after iTBS compared to cTBS and sham (p < .05; Fig 1).
Conclusion
This study provides some of the first evidence that TBS produces direct changes in cortical excitability
in the prefrontal cortex. This may be a useful approach to optimise stimulation paradigms prior to the
conduct of clinical trials.
Figure 1. Theta power difference over time from 25 ms to 300 ms with 25 ms interval. Asterisks
indicate statistical significance between iTBS and cTBS, round dots between iTBS and sham (p < .05).
Topoplots show the differences are strongest at the frontal electrodes, including F3.
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The effects of cerebellar trans-cranial Direct Current stimulation on neural network dynamics in
supraspinal motor circuits during motor adaptation in cats.
*H. T. Darch1, N. L. Cerminara1, R. Apps1
1University of Bristol, Bristol, Great Britain
Recent studies of trans-cranial Direct Current stimulation (tDCS) have raised the possibility that this is
a relatively simple and well tolerated method that can be used as an effective therapeutic tool to treat
neurological and neuropsychiatric disorders (Grimaldi et al. 2016). In particular, stimulation of the
cerebellum (ctDCS) in humans has been shown to modulate a wide range of functions, including
motor learning and working memory (Grimaldi et al. 2014). Despite the increasing use of this method,
there are still important knowledge gaps and controversies regarding the physiological effects of
ctDCS and the underlying neurobiological basis of any effects remains unknown.
We have examined the effects of anodal, and cathodal ctDCS on the electrophysiological activity in
the supraspinal motor network (SMN) during prism motor adaptation of a skilled, goal-directed
movement in cats. Preliminary frequency domain analysis of the local field potential recorded
simultaneously in cerebellar cortex (lobule V, proximal to the ctDCS electrode), primary motor cortex,
and pre-frontal cortex suggests variable effects of ctDCS on neuronal population activity and changes
in coherence between different sites in the SMN during motor adaptation.
Grimaldi G. et al. (2014) Cerebellum 13(1):121-138
Grimaldi G. et al. (2016) Neuroscientist 22(1):83-97
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Pulsed Electromagnetic Field (PEMF) improves microcirculation and reduces hypoxia and
neuronal death in a hypertensive rat brain
*D. Bragin1, O. Bragina1, G. Statom1, S. Hagberg1, E. Nemoto1
1University of New Mexico School of Medicine, Neurosurgery, Albuquerque, United States
Introduction
We previously showed that pulsed electromagnetic field (PEMF) increased microvascular blood flow
and tissue oxygenation by nitric oxide-induced vasodilation in a healthy rat brain1. We also showed
that high intracranial pressure (ICP) in rats caused a transition from capillary (CAP) to non-nutritive
microvascular shunt (MVS) flow, tissue hypoxia and blood brain barrier (BBB) degradation2.
Objectives
To evaluate whether PEMF attenuates the detrimental effects of non-nutritive MVS flow induced by
high ICP.
Materials and Methods
By in vivo 2-photon laser scanning microscopy over the rat parietal cortex, we evaluated the effects of
PEMF on microvascular blood flow, tissue oxygenation (NADH), BBB permeability (dye extravasation)
and neuronal necrosis (i.v. propidium Iodide) during 4 hours of high ICP. Doppler cortical flux, rectal
and cranial temperatures, ICP and arterial pressure, blood gases and electrolytes were monitored.
After baseline imaging at normal ICP (10 mmHg), rats were subjected to high ICP (30 mmHg) by
raising an artificial cerebrospinal fluid reservoir connected to the cisterna magna. At ICP of 30 mmHg,
PEMF was applied for 30 min and imaging continuously performed after the treatment. Controls were
untreated with PEMF.
Results
PEMF decreased tissue hypoxia (NADH reduced by 14.6 ± 3.7% compared to control, n=10 rats per
group, mean±SEM, p<0.05). BBB damage progression was reduced as reflected by less by
17.2±5.4% dye extravasation (p<0.05). Decreased by PEMF hypoxia reduced neuronal necrosis (15 ±
3.6% in PEMF vs. 26 ± 6.2% in control, p<0.05), consistent with dilation of arterioles (+4.5 ± 3.2%) and
an increase in capillary blood flow velocity (+4.7 ± 3.2%). PEMF did not completely mitigate the
gradual increase in MVS flow at but, as reflected by MVS/capillary ratio, the transition to non-nutritive
flow was reduced in the PEMF compared to the untreated rats (2.3 ± 1.1 and 3.8 ± 2.1% change per
hour, respectively, p<0.05).
Conclusions
PEMF reduced tissue hypoxia, BBB degradation and neuronal necrosis by modulating cerebral blood
flow at high ICP. PEMF could be an effective treatment for high ICP after severe cerebral insults.
Support
Rio Grande Neurosciences.
1. Bragin et al, J Neurosurgery, 2015
2. Bragin et al, J Neurotrauma, 2011
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Brain stimulation-induced neuroplasticity underlying therapeutic response in phantom sounds
*T. Poeppl1,2, B. Langguth1,2, A. Lehner1,2, R. Rupprecht1, P. Kreuzer1,2, M. Landgrebe1,3, M.
Schecklmann1,2
1University of Regensburg, Department of Psychiatry and Psychotherapy, Regensburg, Germany
2University of Regensburg, Tinnitus Center, Regensburg, Germany
3Lech Mangfall Hospital, Department of Psychiatry and Psychotherapyartment of Psychiatry and
Psychotherapy, Agatharied, Germany
Question
Non-invasive brain stimulation can modify phantom sounds for longer periods by modulating neural
activity and putatively inducing regional neuroplastic changes (1). However, treatment response is
limited and there are no good demographic or clinical predictors for treatment outcome (2). We used
state-of-the-art voxel-based morphometry (VBM) to investigate whether transcranial magnetic
stimulation-induced neuroplasticity determines therapeutic outcome.
Methods
Sixty subjects chronically experiencing phantom sounds (i.e., tinnitus) received repetitive transcranial
magnetic stimulation (rTMS) of left dorsolateral prefrontal and temporal cortex according to a protocol
that has been shown to yield a significantly higher number of treatment responders than sham
stimulation and previous stimulation protocols (3). Structural magnetic resonance imaging was
performed before and after rTMS. In VBM whole-brain analyses (p<0.05, FWE corrected), we
assessed longitudinal gray matter changes as well as structural connectivity between the ensuing
regions (4).
Results
We observed longitudinal mesoscopic gray matter changes of left dorsolateral prefontal (DLPFC), left
operculo-insular, and right inferior temporal cortex (ITC) in responders (N=22) but not non-responders
(N=38), as indicated by a group × time interaction and post-hoc tests (Fig. 1). These results were not
influenced by age, sex, hearing loss nor by tinnitus laterality, duration, and severity at baseline.
Furthermore, we found robust DLPFC-insula and insula-ITC connectivity in responders, while only
relatively weak DLPFC-insula connectivity and no insula-ITC connectivity could be demonstrated in
non-responders (Fig. 2).
Conclusions
Our results reinforce the implication of non-auditory brain regions in phantom sounds and suggest the
dependence of therapeutic response on their neuroplastic capabilities. The latter in turn may depend
on (differences in) their individual structural connectivity.
References
1. Elgoyhen et al. Nat Rev Neurosci 2015;16:632-42.
2. Lehner et al. Front Syst Neurosci 2012;6:11.
3. Langguth B et al. World J Biol Psychiatry 2014;15:276-85.
4. Gerber P et al. Neuroimage 2014;95:320-5.
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Individual differences in contralateral motor cortex (CMC) plasticity during short-term upper
limb immobilisation (ULI) in healthy individuals - A transcranial magnetic stimulation (TMS)
study
*L. Furlan1, A. Sterr1
1University of Surrey, Psychology, Guildford, Great Britain
By decreasing CMC excitability, ULI holds the potential for being explored as a stroke model in healthy
individuals for developing rehabilitation strategies [1]. Determining the minimum effective restriction
time is critical for optimising the immobilisation paradigm and facilitating its application.
Question
How does CMC excitability change over a period of 9 hours of ULI?
Methods
Healthy individuals will have their right (dominant) upper limb immobilised for 9 hours. CMC excitability
will be assessed with TMS immediately before and after 3, 6, and 9 hours of immobilisation. The TMS
coil will be positioned over the hot spot of the right FDI muscle. Frameless stereotaxy will be used to
keep the position of the coil constant across all TMS assessments. Fifteen MEPs will be recorded from
the target muscle during each TMS assessment by using a fixed suprathreshold stimulation intensity
(sSI). IO curves will also be obtained at each assessment by using 50, 70, 90, 110, and 130% of sSI.
Results
Figure 1 shows preliminary MEP data from 5 participants. At the group level there was a depressant
effect of immobilisation on CMC excitability. CMC excitability decreased to 63 and 54% of the baseline
value after 3 and 6 hours of immobilisation, respectively. However, after 9 hours, excitability levels
increased to 84% of the baseline value, suggesting that CMC excitability might follow a U-shaped
curve during ULI. At the individual level there was great variability in CMC excitability among
participants over the course of immobilisation, particularly in terms of the position of the deflection
point of the excitability curve.
Conclusion
Our data is in line with previous studies reporting inter-individual differences in CMC plasticity after ULI
[2]. Importantly, our study shows how these differences develop during ULI. This information should be
given consideration when seeking for the ideal length of the immobilisation protocol.
Figure 1
Dots represent averaged MEPs (% of baseline) obtained before, after 3, 6, and 9 hours of
immobilisation. Error bars = SE.
References
1. Furlan L, Conforto AB, Cohen LG, Sterr A (2016) Upper limb immobilisation: A neural plasticity
model with relevance to poststroke motor rehabilitation. Neural Plasticity vol. 2016, Article ID 8176217.
2. Rosenkranz K, Seibel J, Kacar A, Rothwell J (2014) Sensorimotor deprivation induces
interdependent changes in excitability and plasticity of the human hand motor cortex. J Neurosci
34:7375-7382.
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