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Disclosures

• Conflicts of interest
– NIH holds the patent for the H-coil and I am

one of the co-inventors
• Off-label use

– rTMS with “NeuroStar TMS Therapy®” and
for the Brainsway H-coil is indicated for
treatment of major depressive disorder; all
other uses are off-label
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The possibility of therapy with
rTMS depends on its ability to

use plasticity to change the brain.
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From Angel V. Peterchev (internet)
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Definitions
• Plasticity: capability for change
• Plastic change: alteration in excitability (or

function) of a network
• Metaplasticity (plasticity of plasticity):

alteration of plasticity; i.e., alteration in the
capability for change

• Homeostatic plasticity: the characteristic that
plastic changes (at any one time) can only be
within certain limits

• Good plasticity and bad (aberrant) plasticity:
plasticity favorable or unfavorable to the
organism
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Mechanisms of Plasticity

• Synaptic strengthening/weakening
– LTP/LTD
– Homosynaptic & heterosynaptic

• Spike Timing–Dependent Plasticity

• Anatomical changes
– Dendritic spines
– Axonal spouting, new connections

• Turning circuits on and off
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Bailey et al. 2000
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rTMS can modify brain function

• rTMS has promise for therapy
• There are many possible methods for

rTMS and each one will likely have
different effects
– Coil shape, coil current
– Pattern & time of stimulation
– Site of stimulation
– Repetition of treatment
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Neuronetics illustration from their website
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Versions of the H-Coil from A. Zangen

Considerations: Target neuronal structures, directions of axons to be stimulated,
increasing depth, decreasing facial pain and other risks or side effects.

H1H2
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Transcranial Direct Current Stimulation (tDCS)

Walter Paulus
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From Angel V. Peterchev (internet)
http://psychiatry.duke.edu/wysiwyg/downloads/Grand_Rounds/Duke_Grand_Rounds__Peterchev_March_31_2011.pdf
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From Angel V. Peterchev (internet)
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Rapid rTMS increases brain excitability
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Slow rTMS reduces brain excitability
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Huang et al. 2005

Theta burst stimulation
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Quadripulse
stimulation

Hamada M et al.
J Physiol 2008;
586:3927-3947

http://www.go2pdf.com


Basic properties of QPS-induced plasticity

Hamada M et al. J Physiol 2008;586:3927-3947

©2008 by The Physiological Society
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Stefan et al. 2000 (Classen Laboratory)

Technique of Paired Associative Stimulation
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Paired Associative Stimulation (PAS)

Stefan et al 2000; Wolters et al 2003
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During 1 mA current flow After 5 min of 1 mA current flow

Nitsche & Paulus 2000

Transcranial Direct Current Stimulation
(tDCS)
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Quartarone et al. 2006

LTP-like and LTD-like changes from brain stimulation
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Therapy with rTMS
• Psychiatry

– Depression (and possibly mania)
– OCD
– Suppression of auditory hallucinations

• Tinnitus
• Stroke
• Movement disorders

– Parkinson’s disease
– Dystonia
– Essential tremor?
– Ataxia?

• Epilepsy
• Pain
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J Clin Psychiatry 2006 rTMS for Depression

http://www.go2pdf.com


From Angel V. Peterchev (internet)
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Curr Opin Psychiatry 2013;26:13
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rTMS for Parkinson Disease
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rTMS for Parkinson Disease
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8 sessions over 4 weeks of 25 Hz rTMS
at 100% MT delivered to left and right
primary motor cortex and dorsolateral
prefrontal cortex with 300 pulses each
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Mean walking time before (1), after (2) and 1 month
after (3) TMS
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Complex movements test (Mean±SD) before (1), after (2) and 1 month
after (3) TMS
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Walking time (Mean±SE)
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Complex movements test (Mean±SE)
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Thirty-six unmedicated PD patients randomized to
1. Real-rTMS (suprathreshold 5-Hz, 2000 pulses

once a day, for 10 consecutive days)
2. Sham-rTMS.

Khedr et al. 2003
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Copyright ©2005 BMJ Publishing Group Ltd.

Fregni, F et al. J Neurol Neurosurg Psychiatry 2005;76:1614-1623

Effect sizes (motor UPDRS) for the sham controlled studies only (at the top)
and for all TMS studies (controlled and uncontrolled) (at the bottom).
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© 2013 American Academy of Neurology
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rTMS releases dopamine
Strafella et al. 2001

• rTMS of prefrontal cortex causes release
of dopamine in ipsilateral caudate nucleus
as measured by raclopride binding PET

• 15 10-pulse trains of 1 sec duration at
10Hz at interval of 10 sec composed 1
block and 3 blocks were delivered with an
interval of 10 min.
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rTMS releases dopamine
Strafella et al. 2001

Stimulation site Decrease in raclopride binding

http://www.go2pdf.com


http://www.go2pdf.com


Nizard et al. Discovery Medicine 2012

Treatment of Pain
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J.-P. Lefaucheur

Methods of therapeutic cortical stimulation

Neurophysiologie Clinique/Clinical Neurophysiology Volume 39, Issue 1 2009 1 - 14
http://dx.doi.org/10.1016/j.neucli.2008.11.001

Treatment of Pain

http://dx.doi.org/10.1016/j.neucli.2008.11.001
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Pain
Repetitive transcranial magnetic stimulation

Primary motor cortex

(precentral gyrus)

Contralateral to pain side, low frequency* (?Ý1

Hz), low intensity (80-90 % RMT), parallel to

midline

Lack of efficacy proved in chronic

neuropathic pain

Primary motor cortex

(precentral gyrus)

Contralateral to pain side or left hemisphere,

high-frequency* (?v5 Hz), low intensity (80-90 %

RMT), parallel to midline

Efficacy proved in chronic

neuropathic pain. Possible efficacy in

fibromyalgia and CRPS

Primary somatosensory

cortex (postcentral gyrus)

Contralateral to pain side, high-frequency* (?�5

Hz), low intensity (80-90 % RMT)

Possible lack of efficacy in chronic

neuropathic pain

Secondary somatosensory

cortex

Right hemisphere, low frequency* (?Ü1 Hz),

medium intensity (70 % MSO)

Possible efficacy in chronic visceral

pain

Dorsolateral prefrontal

cortex

Right hemisphere, low frequency* (?m1 Hz), high

intensity (110 % RMT)

Possible efficacy in fibromyalgia and

chronic neuropathic pain

Dorsolateral prefrontal

cortex

Left hemisphere, high-frequency* (?ÿ5 Hz), low

intensity (100 % RMT)

Possible efficacy in various pain

syndromes (postoperative pain,

fibromyalgia, chronic neuropathic

pain, migraine)

From Lefaucheur, In Lozano & Hallett forthcoming
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Outline

• Principles of TMS
• Safety concerns
• Side effects
• Patient selection
• Patient dosing
• Safety table
• Where TMS should be done
• Who should do TMS
• Ethical and regulatory concerns
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Safety Concerns

• Heating
• Forces and magnetization
• Induced voltages
• TMS in patients with implanted

stimulating/recording electrodes
• Magnetic field exposure for

subjects/patients
• Magnetic field exposure for operators
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Side effects
• Hearing
• EEG issues
• State-dependency of TMS effects
• Seizures
• Syncope
• Local pain, headache, discomfort
• Psychiatric changes
• Cognitive/neuropsychological changes
• Other biological effects (in humans and animal

models) possibly related to safety concerns
• Endocrinological after-effects
• Histotoxicity
• Effects on neurotransmitters and immune system
• Autonomic function
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Side effect Single-pulse TMS Paired-pulse TMS Low frequency
rTMS

High frequency rTMS Theta burst

Seizure induction Occasional Not reported Occasional
(usually

protective effect)

Possibile
(1.4% crude risk estimate in

epileptic patients;
less than 1% in normals)

Not reported

Transient acute
hypomania induction

no no Rare Possible following left
prefrontal stimulation

Not known

Syncope Possible as epiphenomenon (i.e, not related to direct brain effect) Not reported

Transient headache,
local pain, neck pain,
toothache,
paresthesia

Possible Likely possible,
but not

reported/addressed

Frequent
(see para. 3.3)

Frequent
(see para. 3.3)

Not reported

Transient hearing
changes or tinnitus

possible Likely possible,
but not reported

possible Possible
(avoid rTMS in cochlear

implants)

Not known

Transient cognitive/
neuropsychologial
changes

Not reported No reported Overall negligible
(see para. 3.5)

Overall negligible
(see para. 3.5)

Not known

Burns from scalp
electrodes

no no Not reported Occasionally reported Not known, but
likely possible

Induced currents in
electrical circuits

Theoretically possible, but described malfunction only if TMS is delivered in close proximity with the electric device
(pace-makers, brain stimulators, pumps, intacardiac lines)

Histotoxicity/Structur
al brain changes

Not reported Not reported Inconsistent Inconsistent Not known

Other biological
transient effects

Not reported Not reported Not reported Transient hormone changes
(Prolactin, TSH)

Not known

Side effects
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Safety tables
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Safety tables

• Frequency
• Stimulus intensity
• Train duration

Chen et al, Electroencephalogr.
Clin Neurophysiol 1997
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Safety tables

• Inter-train interval
• 120% or higher – 1 min

Chen et al, Electroencephalogr.
Clin Neurophysiol 1997
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Conclusions
• rTMS can modify brain function and may be

therapeutic in some circumstances
– BUT – treatment must be repetitive
– AND – combination with behavior or drugs might

be useful/necessary
– Other than for depression, other indications are

experimental
• rTMS might also be used to test whether

epidural stimulation would be worthwhile
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Thank you!
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www.iccn2014.de

30th International Congress of Clinical Neurophysiology of the
International Federation of Clinical Neurophysiology (IFCN)
21–24 March 2014, Berlin/Germany

58th Annual Meeting of the German Society for Clinical Neurophysiology and Functional Imaging (DGKN)
20–23 March 2014, Berlin/Germany

Conveners
Prof. Otto W. Witte, Jena/Germany

Prof. Reinhard Dengler, Hannover/Germany

Save the date!
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