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Psychiatric illness and Treatment 
Resistance

Depression is:
• Common (~7% of Australians every year)
• Highly disabling
• Costly to treat
• Frequently unable to be treated or 
respond poorly to treatment (30% TRD)

Neuropsychiatric Drug development:

"This is hardly a rich pipeline…It suggests a sad dearth of ideas 
and involves lots of attempts at patent extensions and new 
indications for old drugs." 

(Steven Hyman, former NIMH director, Provost  Harvard)
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The answer…ask Magnus



Novel Brain Stimulation Treatments in Psychiatry
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What does TMS for 
depression involve?

• Daily, Monday to Friday treatment
• 20‐45 minutes a day, for a number of 
weeks

• Sitting in reclining chair
• Coil placed on head
• ‘Tapping’ sensation



Non invasive electrical stimulation

• Existing technology:
• tDCS – direct current stimulation
• tACS – alternating current stimulation
• tRNS – random noise stimulation



• tDCS involves the application of a weak electrical 
current (1-2mA) to the scalp via two surface 
electrodes, 

• Anode = hyperpolarisation leading to increases 
in neuronal activity

• Cathode = depolarisation leading to decreases 
in neuronal activity

Transcranial Direct Current 
Stimulation



Transcranial Alternating 
Current Stimulation: 
entraining brain waves

Fröhlich & McCormick



NEST® (NeoSync‐EEG 
Synchronized TMS) 

Low Field magnetic 
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rTMS as a Therapeutic Tool in Depression

• Initial case reports in early 1990’s: vertex then Left 
DLPFC stimulation

• First controlled studies mid 90’s [Pascual‐Leone, 1996] [George, 
1997]

• Initial studies for 1 week, cross over designs
• Gradually longer duration and increased pulse 
number

• Predominant focus on Left DLPFC



Evidence for Efficacy of Left PFC rTMS in adults

• 30 + clinical trials 
• Numerous meta‐analyses
• Greater effects in more recent studies

• Longer duration of treatment
• Increased intensity
• Increased pulse number

• Most recent
• 34 individual trials, 1383 patients and 

found 
• rTMS to be more effective than sham 

rTMS 
• Large effect size = 0.55. 
(Slotema et al 2010)

Slotema et al 2010

• Moderate effect sizes
• Increase in efficacy over time



rTMS in Depression: what are the overall outcomes?



Pattern of Response

Data from 11 clinical trials (n = 1132) 



TMS vs Medication

Treating with TMS early is more effective than adding a 3rd antidepressant 
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Does improved treatment targeting enhance response to 
rTMS?

• Randomised double 
blind

• 52 subjects
• Targeted or ‘5 cm 
method’

• Target = Middle FG / 
border BA 48 and 9 

• x,y,z=‐45, 45,35 

Sign time vs group p<0.05
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Ongoing and Future Work

Ideas Testing 
approaches Translation / Clinical Use

Schizophrenia: Treatment of Auditory Hallucinations

Alzheimer’s Disease

Depression

Post Traumatic Stress Disorder

Autism Spectrum Disorder

Chronic Pain - Fibromyalgia

Obsessive Compulsive Disorder

Future Targets: Applications of TMS

Eating Disorders

Addictions
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Brain Stimulation and Cognitive Disorders

Cognitive functions are represented by dynamic 
activity occurring throughout neural networks, 
both locally and globally. 

Activity of interconnected networks of synapses 
throughout the brain is crucial

There are number of ‘index’ ways in which these 
fundamental processes can be disturbed...



rTMS in Dementia

• Multi‐focal versus critical node
• Frequency specific activation of task related oscillations
• Interaction of stimulation with cognitive activation
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RCT of Theta Burst Stimulation for Mild to Moderate Alzheimer's
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Alzheimer’s RCT: Preliminary data
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Alzheimer’s RCT: Preliminary data

Resting EEG data from 13 
patients in active and 13 in sham.

Active iTBS significantly reduced 
theta connectivity at rest, from 
bilateral frontal regions to left and 
central occipital regions (p = 
0.025). No change in sham group 

Image of the endpoint network 
differences, right
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 rTMS is an established, safe and effective treatment for depression
 rTMS shows evidence of preliminary efficacy in cognitive disorders
 rTMS presages the use of potentially a wide range of non invasive brain 

stimulation techniques

Conclusions
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