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1 Beftter process brings k
2 big results come when many s
accumulate over time.

3 everyone is invited to help make
Improvements.

4 While the maqjority of changes may be small,
the direction of change is positive 1
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The Transcranial Magnetic Stimulation (TMS) Circuit.

Capacitor (with Capacitance C), a

Thyristor switch (T),
a Stimulating Colil (with Inductance L) and a
Resistance R (in the coil, cables).

The Capacitor is first charged and then discharged through
the Colil, by gating the Thyristor into a conducting state.



Charging
Circuit

From
Wall

1. Energy Acquisition from wall plug



Capacito

2. Energy Storage, in capacitor(s)



Pulse
Shaping
Circuit

3. Shaping Circuitry = Faster pulses -> more magnetic energy
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Switch

4. Turned On, ro conductive state
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Stimulation
Coil

S. Electricity thl’Ollgh the COil, ... induces a magnetic field



Mark Hallett

Pascual-Leone 1994 High-frequency rTMS
Increases motor excitability as a function of
frequency and intensity

yeorge

ortical excitability )




TMS to treat brain disorders

Pascual-Leone (1996 662) significant decrease in
depression scores in patients with drug-resistant
najor depression
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riMS Time Line
Barker, 1984
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rTMS Time Line

Cadwell
repetitive




NecuroReport 6, 1853-1856 (1995)

Daily repetitive
transcranial magnetic
stimulation (rTMS) .
improves mood in |
depression

‘ Mark S. George,'”
1996

Mark George,
TMS for
Depression
Treatment




riMS Time Line

Theta

Burst
Stimulation
Huang 2005
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riMS Time Line
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DEVICES & SYSTEMS

NeuroStar (US)
BrainsWay (Israel)
MagStim (UK)
MagPro (Denmark)
CloudTMS (Russia)

Apollo (Germany)



NeuroStar (US)
1st FDA Cleared
TMS System
2008

most widely
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=Based on the hypofrontality found in neuroimaging studies it was

rational to use a focal stimulation technique to activate neural
circuitry in the DLPFC



MDD Responders to TMS are resistant to Tryptophan
Depletion induced depressed mood

Scale score change

4.7

=NS
= 1.8
p=NS
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m Control
= Depletion

HDRS

O’Reardon JP, Cristancho P et al., Dep & Anx 2007
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Acute Change in Serum TSH after TMS Session
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MECHANISM

Acute Effects
* Induces electric current
* Depolarizes neurons in superficial cortex

» Leads to local and trans-synaptic changes in brain
activity

Example
Left prefrontal TMS
22 depressed individuals

Activation demonstrated at site of
stimulation and also at synaptically
connected cortical and subcortical regions

Li X, et al. Biol Psychiatry. 2004;55(9):882-890. Teneback CC, et al. J Neuropsychiatry Clin Neurosci.
1999;11(4):426-435.



MECHANISM

Brain re-growth happens
by “axonal sprouting” -

(axons grow new nerve endings &
reconnect neurons).

These new connections
between nerve cells,

increase brain connectivity
to improve function.
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Depolarization of DLPFC Cortical Neurons
Increases Activity of DLPFC Cortical Neurons
Upregulates BDNF
Increases Dopamine in Prefrontal Cortex
H ow d O€S Increased Frontal Lobe Activity
It WO rk? Increased Neurogenesis in Hippocampus
) Increased TSH in association with acute mood change

_ in depression
(MeChan ISIMM  Normalization of the DST with rTMS

of action)



TMS

How does
It work?

Mechanism
of action)

MECHANISM

Brain re-growth happens
by “axonal sprouting” -

(axons grow new nerve endings &
reconnect neurons).

These new connections
between nerve cells,

increase brain connectivity
to improve function.



