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I “Why, sometimes I've believed as many as six 
 impossible things before breakfast.”  
“Begin at the beginning," the King said, very gravely, "and 
go on till you come to the end: then stop.”  
“Would you tell me, please, which way I ought to go 
from here?" the  
"That depends a good deal on where you want to get 
to." 
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DISCLAIMER
Here to help 
Not original =shoulders of Giants 
Not the position of our sponsors or the 
NFL 
I am not telling you what to do 



DISCLAIMER #2
Kaizen is the practice of continuous 
improvement.  

1  Better process brings better results 
2  big results come when many small changes  
accumulate over time.  
3 everyone is invited to help make 
improvements.  
4 While the majority of changes may be small, 
the direction of change is positive 



HELP PEOPLE 
FIND NEW WAYS TO HELP PEOPLE 
SHARE NEW WAYS TO HELP PEOPLE
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Electricity
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A magnetic field, 
 when encountering a coil, 
   induces a current
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Magnetic outside:
 Makes 
 Brain create 
  Electric Inside



The Transcranial Magnetic Stimulation (TMS) Circuit. 

Capacitor (with Capacitance C), a 

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

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



1. Energy Acquisition  from wall plug

V
Charging 
Circuit

From 
Wall



2. Energy Storage,  in capacitor(s)

V
Charging 
Circuit

Capacitor



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

V
Charging 
Circuit

Capacitor Pulse
Shaping 
Circuit



4. Turned On,  to conductive state

V
Charging 
Circuit

Pulse
Shaping 
Circuit
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Switch

Capacitor



5. Electricity through the coil,  … induces a magnetic field

V
Charging 
Circuit

(Storage)
Capacitor Pulse

Shaping 
Circuit

Thyristor
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Stimulation
Coil

magnetic 
field



TMS- GIANTS (HISTORY) 
Mark Hallett 
Pascual-Leone 1994 High-frequency rTMS 
increases motor excitability as a function of 
frequency and intensity  
Mark George 
Ulf Ziemann 
Kujirai (TMS to probe motor cortical excitability ) 
Fadiga TMS to probe cognitive processes  
Chen Repetitive TMS to induce long-term 
change of excitability  
Huang 2005 Theta-burst stimulation 
Ziemann 1996 Pharmaco-TMS  
Pascual-Leone 1995 Focal TMS to map practice-
dependent plasticity unimanual practice of a piece on the piano led 
to rapid enlargement of the hand representations in the trained motor cortex, as 
tested by focal TMS mapping



TMS- GIANTS (HISTORY) 
TMS to treat brain disorders  
Pascual-Leone (1996 662) significant decrease in 
depression scores in patients with drug-resistant 
major depression 
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Motivation, Emotion, Feeding, Drinking, Sexual Behaviour

NeuroReport 6, IS53-1856 (1995)

neurotjeport

CONVERGING evidence points to hypofunction of the left
prefrontal cortex in depression. Repetitive transcranial
magnetic stimulation (rTMS) activates neurons near the
surface of the brain. We questioned whether daily left
prefrontal rTMS might improve mood in depressed
subjects and report a pilot study of such treatment in
six highly medication-resistant depressed inpatients.
Depression scores significantly improved for the group
as a whole (Hamilton Depression Scores decreased from
23.8 ± 4.2 (s.d.) at baseline to 17.5 ± 8.4 after treatment; t
= 3.03, SDF, P = 0.02, two-tailed paired t-test). Two
subjects showed robust mood improvement which
occurred progressively over the course of several weeks.
In one subject, depression symptoms completely remitted
for the first time in 3 years. Daily left prefrontal rTMS
appears to be safe, well tolerated and may alleviate
depression.

Key words: Depression; transcranial magnetic stimulation;
Prefrontal cortex; Treatments; Affective disorders

Introduction
Several lines of evidence indicate that the left

prefrontal cortex is dysfunctional in depression.·
Most functional neuroimaging studies of depressed
subjects have found decreased left prefrontal activity,
often in proportion to the rated severity of depres-
sion. Additionally, some studies have found that
patients with left prefrontal strokes have an increased
risk of developing depression. Finally, left unilateral
electroconvulsive therapy (ECT) is more effective
than right. Recently the technology of transcranial
magnetic stimulation (TMS) has been developed and
refined, providing the ability to stimulate superficial
neurons of the cerebral cortex safely and subconvul-
sively. The ability to repeat quickly the magnetic
stimulus (repetitive TMS; rTMS), has opened up yet
another dimension of cortical activation and inhibi-
tion. In motor cortex, rTMS has different properties
and neurobiological effects to those of single pulse
TMS, perhaps because of the ability to stimulate
during a neuron's refractory period. 2 Initially used to
study motor function, rTMS has now been used to

(' Rapid Science Publishers

Daily repetitive
transcranial magnetic
stimulation (rTMS)
improves mood in
depression
Mark S. George",2
Eric M. Wassermann,3
Wendol A. Williams,4 Ann Callahan,'
Terence A. Ketter,' Peter Basser,s
Mark HallettS and Robert M. Post'

'Biological Psychiatry Branch, National Institute
of Mental Health; 2Dept Psychiatry, Radiology
and Neurology, Medical University of South
Carolina, 171 Ashley Avenue, Charleston, SC
29425-0720; 3Human Motor Control Section,
Medical Neurology Branch, National Institute of
Neurological Disorders; 4NIAA; 5Biomedical
Engineering and Instrumentation Program,
NCRR; National Institutes of Health, Bethesda,
MD 20897, USA

2.cACorrcsponding Author and Address

explore other brain functions"' as well as to improve
the slowed movement of Parkinson's disease tem-
porarily when applied over the motor cortex. 4

There has been recent interest in whether rTMS
might have antidepressant actions if applied to the
proper regions and with the appropriate dosing and
frequency parameters.s Work in animal models of
depression has demonstrated that TMS applied to the
whole cortex has an antidepressant effect.r. In humans,
there have been two case reports of single pulse TMS
(not repetitive) applied through circular coils centered
over the vertex, with possible antidepressant action. 7•H

We hypothesized that the most effective antidepres-
sant action of magnetic stimulation might be obtained
by applying it frequently and repetitively (rTMS) to
the left prefrontal cortex.

Subjects and Methods
We administered rTMS each morning for at least

one week (5 days) to the left prefrontal cortex of six
medication-resistant subjects, (mean age 46.5 years)

Vol 6 No 14 2 October 1995 1853
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MAGPRO FAMILY
User Guide

MagPro R30
MagPro R30 with MagOption
MagPro X100
MagPro X100 with MagOption

MagPro software v.5.0

US-edition

 Magstim  Magstim  Magstim  Magstim 
 200² BiStim² Rapid² Rapid² Plus¹

Output Type Monophasic Monophasic Biphasic Biphasic
  Twin Pulse  

Maximum voltage 2.80kV 2.50kV 1.67kV 1.67kV

Maximum repetition rates 30% 2.0s 2.0s Single PSU - 50Hz  Dual PSU - 100Hz 100Hz 
(230V configuration) 50% 3.0s 3.0s Single PSU - 30Hz  Dual PSU - 50Hz 97Hz
100% 4.0s 4.0s Single PSU - 15Hz  Dual PSU - 25Hz 41Hz 

Minimum Inter Stimulus Interval N/A 1.0ms N/A N/A

Minimum Inter Train Interval N/A 4.0s 0.5s 0.5s

MagstimMagstim 

“

“

Magstim 2002 & BiStim2 - Monophasic 

Magstim produce two monophasic systems; the Magstim 

2002 and BiStim2, which are used extensively within the 

fields of neurology and neurophysiology.  For accurate 

single pulse functionality, monophasic waveform systems 

are favoured for :

● Neurological research

● Cortical mapping and brain research

● Functional assessment of central motor pathways

● Early diagnosis, assessment and monitoring   

of nervous diseases, such as Multiple   

Sclerosis and Motor Neurone Disease.

Single pulse 

Magstim 200² provides users with the ability to elicit 

cortical evoked potentials, quickly and easily, as a routine 

Controlled Trains 

Magstim BiStim² offers the potential to combine two 

Magstim 200² units to provide fully programmable 

paired pulse stimulation through a single stimulating 

coil. The ability to change pulse intervals and to 

independently control the power level of each Magstim 

200² allows for precise sub- and supra-threshold 

conditioning and test pulses. This is invaluable for the 

investigation of Inter-Cortical and Intra-Cortical 

Inhibition and Facilitation.

The inter-stimulus interval (ISI) of the two pulses is 

adjustable using either the integral stimulator controls, 

remote control coil or externally via triggering 

software offering complete user flexibility.

component of clinical and research assessment techniques, 

including:

● Triple Stimulation Technique  

● Resting Motor Threshold

● Active Motor Threshold 

● Central Conduction Time

● Motor Evoked Potential 

● Input-Output Curve

● Cortical Silent Period

Magstim 200² offers complete flexibility and can be 

interfaced with a wide range of commercially available 

EMG systems. The monophasic waveform provides a high 

degree of hemispheric accuracy, low noise and less coil 

heating than other pulse waveforms.

The Magstim 200² is backward compatible with all Magstim 

stimulating coils.

Two ISI options offer maximum controllability:

● 1ms - 999ms in 1ms resolution

● 1.0ms - 99.9ms in 0.1ms resolution

BiStim² has the added advantage of being able to sum the 

two single pulses provided by the Magstim 2002 

stimulators to produce a single high power pulse equal to 

113% of a single Magstim 200².

a world market leader in the field of 
magnetic stimulation

Magstim Rapid2 - Biphasic
Magstim Rapid2 repetitive Transcranial Magnetic Stimulation (rTMS) 

devices are highly effective non-invasive biphasic magnetic stimulators 

designed to meet the exacting needs of those involved at all levels of 

clinical and academic research.  Highly efficient, short duration biphasic 

pulses makes it very well suited to bilateral cortical stimulation and is 

used in many different areas of research, including:

Cognitive Neurosciencevi  - in the investigation of learningvii viii, 

memoryix, speechx, hearing, visual, perception and functional connection

Psychiatryxi  - to influence specific brain function within the 

dorsolateral prefrontal cortex

Neurophysiology - used in the stimulation of the peripheral 

and central nerve pathways

Rehabilitation - used in the promotion of muscle recovery 

and the relief of nerve spasticity

The Magstim Rapid2 range of repetitive stimulators has been 

developed to maintain a consistent pulse amplitude/frequency during 

the delivery of stimulation trains through Single Pulse, Repetitive, Burst 

and Session modes of operation.  Rapid2 stimulators offer frequencies 

of up to 100Hz, with a 0.1Hz frequency resolution for the first 30Hz.

Magstim Rapid2 has a unique in built two channel EMG amplifier 

with integral system acquisition software including latency and 

amplitude measurements.  The dedicated touch screen user interface 

with internal and external memory makes storage and retrieval 

of results straightforward.  Connecting the optional thermal printer 

allows for the provision of hard copies.

Rapid2 can be used with other investigation tools such as fMRI, EMG, 

EEG, tDCS, tACS and Image-guided TMS over a broad range of 

protocols and is fully compatible with existing Magstim coils through 

customised hardware.

Magstim Rapid2 Plus1 is an innovative enhancement to the 

Rapid2 and is the only system able to offer a significantly higher 

repetition rate at stimulation output of 30% and higher.  This is 

particularly useful in applications using protocols such as Theta Burstxii, 

as the Magstim Rapid2 Plus1 is capable of up to 89% output at 50Hz.

With the addition of a Plus1 module a single PSU Rapid2 can be easily 

upgraded to dual PSU performance, whereas the addition of the Plus1 

module to a dual PSU Rapid2 make high powered protocols feasible.
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(230v configurations)

Magstim Rapid2 Performance

Biphasic Systems

Magstim Rapid2 is for single pulse 

and repetitive stimulation

MagStim

MagPro
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6
TMS

Companies

NeuroStar (US)

BrainsWay (Israel)
MagStim (UK)
MagPro (Denmark)
CloudTMS (Russia) 
Apollo (Germany)

D E V I C E S  &  S Y S T E M STMS



NeuroStar (US)
1st FDA Cleared
TMS System
2008

most widely used system in the US (~650) 



BrainsWay
uses MagPro
Power and
Stimulator

Stimulates the Whole Brain



MagStim invented TMS



MagPro



CloudSoft
Low Cost

Easy To Use
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E F F E C T S  &  M E C H A N I S M  
■Based on the hypofrontality found in neuroimaging studies it was 
rational to use a focal stimulation technique to activate neural 
circuitry in the DLPFC
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MDD Responders to TMS are resistant to Tryptophan 
Depletion induced depressed mood

O’Reardon JP, Cristancho P et al., Dep & Anx 2007
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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.

M E C H A N I S MTMS
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How does 
it work?

(Mechanism 
of action)

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.

M E C H A N I S MTMS



Off-line Off-line rTMSrTMS: Differential local impact: Differential local impact

depending on stimulation frequencydepending on stimulation frequency

ShamSham

TMSTMS

1 Hz1 Hz

TMSTMS

20 Hz20 Hz

TMSTMS

Valero-CabrValero-Cabré é et alet al  Exp Brain Exp Brain ResRes  0707

LTD

LTP

decreased 
activity

increased 
activity

controlNone

1 Hz

10 Hz
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Depolarization of DLPFC Cortical Neurons
       Increases Activity of DLPFC Cortical Neurons
       Upregulates BDNF
Increases Dopamine in Prefrontal Cortex
Increased Frontal Lobe Activity
Increased Neurogenesis in Hippocampus
Increased TSH in association with acute mood  change 
in depression
Normalization of the DST with rTMS

How does 
it work?

(Mechanism 
of action)
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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.

TMS

How does 
it work?

(Mechanism 
of action)

MECHAN ISM


