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TMS at a glance

• Non-invasive 

• Well-tolerated 

• Little side effects 

• No anasthesia

• Normal activities possible after treatment 

• Treatment session takes approx. 20-30 min 

• Typical treatment is 20-30 session in 4-6 weeks 

• Technology platform for variety of indications 



Magnetic Stim Basics



Magnetic Stim Basics

 Magnetic coil is placed tangentially 
over the target area (cortex, periphery) 

 Magnetic pulse causes a „click“ sound 
– however its painless and non-invasive 

 Various stimulation parameters 
determine the effectiveness (intensity, 
frequency, pulse pattern, ...) 



Pulse Patterns



Stimulation Protocols



Depth of Stimulation

• Focal TMS has a depth of penetration of 2-3 (max.5) cm 
• Deep TMS Stimulation only through network stimulation 
• Special coil designs can increase depth of penetration (but also widespread) 
• It is not possible to focus in the depth! 







Depth of Stimulation

• A novel coil design (BrainWay) to stimulate deeper brain regions 

• Deeper means up to 3(-5) cm AND more widespread (17cm²) 



Pulse Width



Contraindications

• Unwilling or unable to consent 

• Heart pacemaker 

• Brain pacemaker (Deep Brain Stimulation, DBS)* 

• Intracerebral metal implants (electrodes, plates, clips, 
artificial cochlea implants or similar)* 

• Indication of lower seizure threshold or a history of epileptic 
seizures * 

• Pregnancy or lactation period # 

• * Exception: Centers with comprehensive clinical and scientific experience in 
applying the method and patient base 

• # Recommendation only due to lack of studies 



Efficacy and Safety of TMS :

 Alternative for patients not responding on the first 
medication 

 Meta Analysis of 29 randomised, double blind- and 
Sham-controlled studies with 1.371 patients (Berlim et 
al, Psy Med, vol. 44 (2), Jan 2014) 
• Response rate = 29,3% 
• Remission rate = 18,6% 

 Save application if you follow the guidelines 

Advantages of TMS compared to other treatments: 
• Targeted modulation of prefrontal networks 
• Non-invasive and well tolerated 
• No systemic side effects and safe 
• Suitable for long-term treatment 



Safety Aspects:





Safety Aspects:



Motor Threshold

The motor threshold is defined as that intensity, which with a probability of 50% evokes a MEP (motor evoked potential) 



Why must MT determined accurately?



Numerical example



MT determination: Visual or by EMG



Rossini & Rothwell



Adaptive Methods





Stimulation Types



Single Pulse



Inter Stimulus Interval (ISI)

Second Pulse

First Pulse

Paired-Pulse
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Inter Stimulus Interval (ISI)

Pulses

Repeated Pulse



Pulses in Train

Inter Train Interval (ITI)

Inter Stimulus Interval (ISI)

Train Duration

Patterned Pulse (Train)



Bursts in Train

Inter Train Interval (ITI)

Inter Stimulus Interval (ISI)

Pulses in Burst

Train Duration

Theta burst



cTBS (Continuous Theta Burst Stimulation)

 3 Pulse, at 50 Hz (Inter Burst Interval=20ms) 
 with 5Hz carrying Wave ( Inter Train Interval=200ms)
 For 20 or 40S (40s=600 Pulses)
 Intensity=80% MT

20ms

200ms



iTBS (Intermittent Theta Burst Stimulation)

 3 Pulse, at 50 Hz (Inter Burst Interval=20ms) 
 with 5Hz carrying Wave ( Inter Train Interval=200ms)
 a 2s train of TBS is repeated every 10s for a total of 190 s (600 pulses)
 Intensity=80% MT

8s

2s
10s



imTBS (intermediate theta burst stimulation paradigm)

 3 Pulse, at 50 Hz (Inter Burst Interval=20ms) 
 with 5Hz carrying Wave ( Inter Train Interval=200ms)
 a 5s train of TBS is repeated every 15s for a total of 110s (600 pulses)
 Intensity=80% MT

10s

5s

15s



Future Indications

• Addiction / craving 

• Alzheimer’s disease 

• Auditory hallucinations 

• Epilepsy 

• Movement disorders 

• Obsessive compulsive disorder 
(OCD) 

• Parkinson‘s disease 

• … 

• Degrees of evidence and efficacy vary 
strongly between these indications! 



TMS in research
PubMed & Science Direct

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TMS 697 1169 1405 1079 1369 1305 1439 1389 1568 1502 1746
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Biomarker Based TMS



• Alpha peak, Alpha Asymmetry
• Hub Assessment



Neuro-Cardiac-Guided TMS (NCG-TMS)

Increased HRV= Individualized location for stimulation
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