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CHAPTER 29 
 
 
TRANSCRANIAL MAGNETIC STIMULATION (TMS) 
 
TMS has been ‘available’ for over 20 years – it is an effective treatment of severe 
depression.  
By ‘available’ is meant devices have been available for sale around the world – 
and professional authorities have approved TMS as a treatment. However, 
funding from government and insurance bodies has been slow, so the purchase of 
devices and training of staff (relatively simple) has also been slow. 
Recent cost-utility analyses have found TMS was less costly and produced better 
health outcomes than ECT (Zhao et al, 2018; Fitzgibbon et al, 2020). 
 
 
 
Introduction 
 
ECT demonstrates that, for certain psychiatric disorders, the application of electric 
energy to regions of the brain can have beneficial effects. But, when the electricity is 
provided from outside, via skin electrodes, there are difficulties in focusing the energy 
on particular brain sites.  
 
The skull (like wood) is a poor conductor of electricity. Thus, to reach the brain, high 
levels of electrical energy are needed at the skin electrodes - the current spreads out 
and is impossible to focus. For example, during ECT, some electricity enters the skull 
via the eye sockets, nasal passages, auditory canals and skull sutures. To deliver 
enough electrical energy to particular brain regions (it is not clear which) for an 
antidepressant effect, the level of energy level must be high. High levels of electricity 
widely distributed leads to convulsions and temporary memory difficulties 
unavoidable. The convulsion means that a general anaesthetic is necessary, which 
means the presence of an anaesthetist is compulsory. [Nevertheless, while there are 
some difficulties with ECT, it remains a most valuable treatment option.] 
 
In the mid 1980s it became possible to stimulate cortical brain regions with single 
pulses of transcranial magnetic stimulation (TMS). Immediately, TMS became an 
important tool in clinical neurophysiology.  
 
Subsequently, machines were developed which the capacity to provide repeated (r) 
stimulation – from 1–50 Hz. (rTMS and TMS are essentially alternative 
terminologies.) This capacity opened the possibility of TMS as a treatment for 
psychiatric (and potentially neurological) disorders. 
 
Currently, TMS is only widely accepted as a treatment for acute major depressive 
disorder (MDD) which has not responded to medication (McClintock et al, 2018). 
One manufacturer has produced a machine which has a unique stimulation pattern, 
and this machine has been approved by the FDA for the treatment of OCD. TMS has 
promise in the treatment of PTSD, anxiety and some neurological problems. 
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Electromagnetism 
 
When electric current passes along a wire, a magnetic field is induced at right angles 
to the current in the surrounding space.  

 
 
In 1831 Michael Faraday found that when two coils are close together (but not 
touching) and a current is passed through one, as the current is turned on and off, brief 
pulses of electricity passes through the second coil. When the magnetic field created 
by the electrical current in the first coil extends into the second coil, it creates a 
current in the second coil. These are termed the primary and secondary currents.  
 
This phenomenon is used in transformers to alter voltage. A second coil is not 
necessary; a secondary current will be induced in any conductor (a watermelon, a 
brain) which is close to a coil through which a primary current is pulsed.  
 

 
Transformer. 
 
We have all moved a paperclip around on a wooden tabletop with a magnet held 
underneath. This demonstrates that magnetic fields (unlike electricity) can pass 
(essentially unimpeded) through non-conductors (such as skull) of electricity. Thus, 
TMS makes it possible to place a small current of electricity in the cerebral cortex 
with great precision. 
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TMS Apparatus 
 
The basic apparatus consists of a stimulator (a box of gadgets which provides 
electrical pulses) and a ‘coil’ which is placed against the hair/scalp. There is also a 
cooling mechanism and a reservoir of cooling fluid. The stimulator is connected to the 
coil by a thick flexible pipe which contains insulated wires which connect the 
stimulator to the coil, and tubes through which cooling fluid is pumped from the 
reservoir to the coil and back again.  
 
The coil most commonly used in the treatment of psychiatric disorders is the figure-8 
or butterfly coil. These are constructed of two circular coils, about 7 cm in diameter, 
mounted next to each other. The magnetic field intensity is highest directly below the 
point where the two conducting circles are close together. 

  
Illustration: The electric field which extends from the coil.  
  
The volume beneath the junction which is strongly stimulated is of the order of 3 cm 
long, by 2 cm wide, by 2-3 cm deep.  
 
 

 
Illustration: In the 1990s the stimulator was bigger than currently, and the coil was 
held on the head by the hand of an operator, throughout the entire treatment!!! 
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New models look like props from a Star Wars movie. The coil is now held in position 
by a mechanical arm. 
 

 
Illustration: One of the boxes at the lower level contains a cooling system. 
 
 
CONDITIONS TREATED 
 
Major Depressive Episode 
 
TMS has been accepted around the world as an acute treatment of treatment resistant 
MDD. In the USA it was approved by the FDA in 2008; in Australia the Medical 
Benefits Scheme approved item numbers for TMS as an acute treatment of MDD in 
2021. 
 
The safety and therapeutic benefits of TMS in the treatment of acute MDD was first 
demonstrated a quarter of a century ago (George et al, 1995). Subsequently, 100 sham 
controlled trials have confirmed efficacy (McClintock et al, 2018). There have been at 
least 30 systematic reviews and meta-analyses (Fitzgerald & Daskalakis, 2022). 
Naturalistic studies have demonstrated effectiveness in the real-life clinical situations. 
 
TMS has been found more cost effective in the treatment of acute MDD than either 
medication (Nguyen et al, 2015) or ECT (Zhao et al, 2018; Fitzgibbon et al, 2020). 
 
Severe/chronic MDD features a high risk of relapse following all forms to treatment 
(including ECT), which may occur within weeks of successful acute treatment. Such 
relapse does not indicate that TMS is a ‘weak’ treatment, but rather, that the disorder 
can be extremely difficult to manage. 
 
A system of remission ‘maintenance’ TMS has been established (Fitzgerald, 2019). 
Patients who have relapsed soon after a second successful acute course of TMS may 
be offered 5 standard treatments over 2.5-5 days – such short courses are repeated at 
monthly or greater intervals. This form of treatment may keep people who are known 
to frequently relapse, well and functional for protracted periods (Pridmore et al, 
2018a). 
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Depression during pregnancy – we studied reports of 67 cases of TMS treatment 
during pregnancy. We found evidence of efficacy but nothing to suggest harm to the 
foetus (Pridmore et al, 2021). 
 
Evidence also indicates that TMS treatment of postpartum depression is safe and 
effective (obviating the need for medication) (Cox et al, 2020). 
 
 
Obsessive compulsive disorder 
 
In this chapter we are dealing the form of TMS which is longest established and most 
used around the world. The longest established TMS treatment for psychiatric 
disorders employs the flat figure-of-eight coil. 
 
We do not have approval for TMS treatment of OCD in Australia. However, in the 
USA two different coils have been approved (2018) for the treatment of OCD. These 
are more elaborate than the figure-of-eight coil and are said to provide deep (d) TMS 
(Carmi et al, 2019). For some details, see the text and illustration immediately above 
the References at the end of the chapter. 
 
Recently, a small study suggested treating OCD by stimulating the supplementary 
motor area is stimulated (Hashempour et al, 2022). 
 
 
Other psychiatric disorders receiving attention  
 
The FDA has approved TMS for use in smoking cessation. 
 
Improvement in symptoms of PTSD has been described when TMS is applied to the 
right dorsolateral prefrontal cortex (DLPFC) (Kan et al, 2020). 
 
Some evidence suggests a modest benefit in the treatment of auditory hallucinations 
(He et al, 2017) and the negative symptoms of schizophrenia (Wang et al, 2017).   
 
Various forms of addiction and autism spectrum disorders have also received 
attention. 
 
 
Medical disorders treated 
 
TMS is FDA approved for the treatment of migraine migraine/headache (Lan et al, 
2017). 
 
A role for rTMS in the treatment or chronic pain (a major public health problem) was 
suggested by Pridmore & Oberio (2000). Recent success has been reported with 
neuropathic pain (Lamusuo et al, 2017) and fibromyalgia (Saltychey & Laimi, 2017).  
 
There may be a place for TMS in stroke rehabilitation (Narayan et al, 2022). TMS 
showed early promise in the treatment of Parkinson’s disease and tinnitus – but little 
progress is evident. 
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PHYSIOLOGY 
 
TMS induced electric fields cause electric charge to accumulate on neural 
membranes, and depending on strength, cause depolarization. With the flat, figure-of-
eight coil, depolarization occurs at about the junction of the grey and white matter – 
about 2 cm below the face of the coil. At this point - axons bend as they leave their 
cell bodies in the grey matter and descent into the brain – this bending alters neural 
physical properties.  
 
The stimulation is electrical - not magnetic (thus, for purists, this is not “magnetic” 
stimulation). The magnetic aspect is important in getting the electrical force to the 
other side of the skull, painlessly and with precision. 
 
 
Connectivity 
 
Connectivity refers to a pattern of anatomical links ("anatomical connectivity") and 
efficiency of working links ("functional connectivity") - between units within a 
nervous system. 
 
In MDD the connectivity of various neural loops have been found to be pathologically 
increased or decreased (Brakowski et al, 2017). TMS can correct/normalize these 
abnormalities, whether they be increases or decreases. 
 
 
Stimulation effects 
 
TMS at rates >1 Hz increases neural activity (Pascual-Leone et al, 1994), while 
stimulation of <1 Hz suppresses neural activity (Chen et al, 1997). These changes 
may persist when stimulation has ceased. The term “high-frequency” (HF) TMS was 
applied to frequencies >1 Hz, and “low-frequency” (LF) TMS to apply to <1 Hz 
[however, some have now used LF to refer to <5 Hz, and HF to >5 Hz]. 
 
A feature of MDD is decreased metabolism and blood flow in frontal regions – this 
decrease is greater on the left than the right (Baxter et al, 1989).. 
 
Thus, there are two approaches to treatment of MDD. First, stimulation >1Hz is 
applied to the left dorsolateral prefrontal cortex (DLPFC) – to increase activity. 
Second, stimulation at <1 Hz applied to the right DLPFC – to reduce the activity on 
that side of the brain and to bring it back into balance with the left. Both are effective 
(Speer et al, 2000; Li et al, 2021). 
 
 
Pathophysiology and treatment effects 
 
Duman et al (2019) suggest depression/chronic stress cause atrophy of excitatory 
glutamate neurons and inhibitory GABA interneurons, in cortical and limbic brain 
regions, with subsequent connectivity abnormalities. 
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HF TMS applied to the left LDLPFC produces release of GABA in that structure 
(Aceves-Serrano et al, 2022). It also (via corticostriatal projections) increases the 
release of dopamine in the ipsilateral caudate (Strafella et al, 2001). Dopamine 
signalling in the striatum is important for reward processing and movement. Thus, 
TMS to the LDLPFC may help with anhedonia and psychomotor retardation.  
 
Kang et al (2016) reported that in MDD, TMS lowered depression scores and 
reduced the connectivity between the DLPFC and the caudate. Avissar et al 
(2017) reported higher connectivity between these structures predicted a greater 
reduction in depression. 
 
Eshel et al (2020) reported MDD patients demonstrated reduced global connectivity, 
but increased connectivity between certain structures. They found TMS has the 
ability to reverse these changes, for example, reducing the excessive connectivity 
between the left DLPFC and the left amygdala, the left DLPFC and the right 
amygdala, and the left DLPFC and the right DLPFC.  
 
Chen et al (2020) found in MDD the connectivity of the right amygdala and the left 
insula was reduced, and TMS to the left DLPFC increased this connectivity. 
 
Zhiliang (2020) reported the baseline connectivity of the perigenual anterior 
cingulate cortex and ventral medial prefrontal cortex predict symptom improvement 
of TMS treatment.  
 
Corlier et al (2019) studied the electroencephalographic functional connectivity 
changes associated with the first TMS treatment of MDD patients. Robust changes 
(before and after) of connectivity were identified, and these were significant 
predictors of clinical outcome. 
 
Hayasaka et al (2017) found that conventional TMS significantly increased the 
volume of the left hippocampus (+3.4%) – indicating a remote neuroplastic effect. 
 
In summary, in MDD the connectivity of various neural loops are pathologically 
increased or decreased. TMS can correct/normalize these abnormalities, both 
increases and decreases. 
 
 
Contraindications to TMS 
 
There are few absolute contraindications to TMS treatment. Risk of seizure is the 
main one – thus, personal, or strong family history of seizure is a contraindication. 
 
Factors which may lower seizure threshold must be considered. When TMS was first 
used all or most psychiatric medications were ceased. However, it is now used in 
combination all with standard psychotropic medications (Turnier-Shea et al, 1999), 
and (with caution) in combination with clozapine, amphetamine and other seizure 
threshold lowering drugs (Fitzgerald & Daskalakis, 2022). 
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Current or recent brain disease or injury are also contraindications. However, again, 
these are not blanket contraindications – TMS is frequently used where there is 
Alzheimer’s and Parkinson’s disease. 
 
TMS should be avoided during drug and alcohol withdrawl because of the lowering of 
seizure threshold. 
 
Metal implants within the cranium are a cause for caution. These are mainly non-
ferrous and thus are unlikely to be appreciably moved (Pridmore & Lawson, 2018). In 
case of doubt, the decision to proceed should be supported by neurology/neurosurgery 
colleagues. 
 
There may be a problem with pacemakers. This is not so much a risk to the patient, as 
a risk to the pacemaker. Responsible specialists should be consulted. In specialized 
units, people with pacemakers have been treated - the precaution sometimes taken is 
to turn the pacemaker off during TMS, and on again, on completion of the treatment 
session. 
 
 
Side effects 
 
The most common side effects are local scalp discomfort/pain and post treatment 
headache. Scalp discomfort can often be managed by reducing the stimulus intensity 
or moving the coil slightly – this side-effect generally reduces during the course of 
treatment. Post-treatment headache visits 30% of patients – it is generally mild and 
responds to simple analgesics.  
 
TMS does not cause migraine, in fact, special self-held TMS devices are 
commercially available in the USA for the treatment of migraine. 

 
 

 
The noise made by the TMS machine is loud, but no hearing deficits have been found 
with human treatment (Pascal-Leone et al, 1992). Nevertheless, hearing protection is 
recommended.  
 
Seizure is a possible side-effect. Limits on stimulation parameters (intensities and 
rates) which reduce the risk are recommended. Some seizures were reported in the 
early years when this advice was not available. 
 
After more than two decades of regular use, no significant long-term adverse effects 
of TMS have been detected.  
 



Pridmore S. Download of Psychiatry, Chapter 29. Last modified: April, 2023. 9 

 
 
 
Treatment parameters - Contemporary 
 
Frequency 
 
As mentioned above, two standard treatment frequencies are used – LF (low-
frequency) <1 Hz, which is applied to the R DLPFC, and HF (high-frequency) >1 Hz, 
(usually 10 Hz) which is applied to the L DLPFC.  
 
These protocols have been established for two decades: LF TMS to R DLPFC (Klein 
et al, 1999) – HF TMS to L DLPFC (George et al, 2000). The commonly used HF 
rates are 10 and 20 Hz. 
 
[The lower the frequency, the lower the risk of seizure.] 
 
 
Stimulus intensity 
 
The intensity of the stimulus employed is based on the individual’s resting motor 
threshold (RMT). The stimulus intensity most commonly employed is 110-120% 
RMT. [The lower the stimulus intensity, the lower the risk of seizure.] 
 
Each individual is different. To determine the RMT, the machine is set to provide a 
low intensity stimulus (beginning at say 35 or 40% of the machine output), the coil is 
placed on the scalp/hair in the region of the motor cortex and moved (with gradual 
increases in intensity) until impulses produce either a small motor evoked potential or 
a movement of the thumb or fingers is visibly detected on the other side. The RMT is 
the percentage of the total machine output which produces this outcome. 
 
The RMT is used as a measurement index because the motor cortex is the only brain 
region which gives an easily detected signal [muscle twitch] when depolarized. 
 
The RMT may differ greatly (up to 100%) between individuals (Pridmore, et al, 
2022). The RMT of the individual may change considerably (by 30%) with the 
passage of time. This has been attributed to changes in medication and general health, 
and unknown factors. This variability leads most centres to reassess the RMT of the 
individual with every new course, and for those receiving continuous treatment, 
reassessment of RMT every six months. 
 
 
Train interval and ‘Rest Periods’ 
 
To minimize the risk of seizure, in HF stimulation, pulses are applied in short trains: 2 
second trains are common with 20 Hz, and 4 second trains with 10Hz. The 
recommended ‘rest period’ between trains is currently 12 seconds. 
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Number of pulses and length of courses 
 
A common daily HF treatment is 10 Hz, 4 sec trains, 75 trains – providing 3000 
pulses per day. With 12 second rest periods this takes around 30 minutes. 
 
Commonly, a course is 20 treatments, one provided on 5 days each week (George et 
al, 2010). Some centres provide longer courses of treatments. 
 
LF-TMS treatment is almost exclusively 1 Hz.  A daily total of 1200 pulses is 
recommended. Again, a course is usually at least 4 weeks.  
 
 
Site of stimulation 
 
Treatment (for MDD) is delivered to the DLPFC. This is identified either as being 
6cm anterior to the spot at which the RMT is determined – this is considered to be the 
location Other methods of determining the site of the DLPFC include neuroimaging 
and determination of the EEG F3 position (Beam et al, 2009). 
 
Other sites have been suggested (but not confirmed) for the treatment of other 
disorders. The supplementary motor area has been suggested for the treatment of 
OCD (Hashempour et al, 2022). Stimulation of the temporal lobes has been suggested 
for auditory hallucinations of psychosis. Another site explored in treatment of MDD 
research is the dorsomedial PFC.  
 
 
 
NEW TREATMENT PROTOCOLS AND DEVICES 
 
Theta-burst stimulation (TBS) 
 
Standard TMS is time greedy, taking around half an hour each day – by contrast, TBS 
treatment takes 5 minutes or less. 
 
There was hope that TMS may have a stronger antidepressant effect than standard 
TMS – but a recent report indicated no therapeutic advantage (Fitzgerald et al, 2020). 
 
Sets of 3 pulses are delivered at 50 Hz, with a set being delivered 5 times per second 
(Hz).  
 
When TBS is delivered continuously (cTBS) – in 20 or 40 second trains - it 
suppresses neural activity. When TBS is delivered intermittently (iTBS) – 2 second 
trains every 10 seconds – it activates neural tissue. 
 
 
Accelerated TMS 
 
Standard acute course TMS provides 1 treatment session per day, 5 days per week for 
4 weeks (possibly more). Four weeks is a long time, and this treatment causes some 
inconvenience. 
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In an attempt to reduce this time/inconvenience, various “accelerated” schedules have 
been devised and trialled – one was to treat people every (7) days of the week. 
Another was to treat people twice per day - when people were treated twice per day 
every day of the week the total treatment time was cut by half. 
 
Another form of acceleration involves many treatments per day – up to 5 treatments 
per day, in which case a course of treatment would last 5-12 days. This has been 
examined with both standard TMS and TBS. 
 
Using TMS Fitzgerald et al (2018) compared accelerated (3 treatments per day for 
three days in one week, for two days in the following week, and 3 sessions one day in 
week three) and a standard course of 4 weeks. There was no significant difference. 
 
The Fitzgerald team then (2020) compared accelerated TBS (using the above 
protocol) and a standard course. Again, there was no significant difference. 
 
A spectacular new approach was Stanford Accelerated Intelligent Neuromodulation 
Therapy (Cole et al, 2020). Intermittent TBS was provided 10 times per day for 5 
days. The site of stimulation was determined by individual imaging. 90% of patients 
were considered to have achieved remission. Replication is awaited with interest. 
 
Advantages of accelerated treatment include shorter courses, which is convenient for 
the patient. However, they can disrupt the facility, leading to inconvenience for other 
patients. Perhaps this would be overcome if the treatment system for all facility 
patients changed.  
 
 
This section raises a topic our group has considered - perhaps the time over which 
treatment is delivered can be important. Turnier-Shea et al (2006), in what was 
probably and underpowered study, found that 10 treatments and 5 treatments spread 
over 12 days produced similar results. And in a case study, Pridmore et al (2018b) 
treated a patient with MDD applying 5 sessions per weekend for 4 consecutive 
weekends. There was marked improvement during the 5-day periods between clusters 
of sessions and a good recovery was achieved. 
 
 
New coils 
 
New ‘coils’ are being manufactured. Some are described as providing deeper 
penetration. 
 
Deep (d)TMS, reaching deeper structures is possible using 1) a ‘double-cone coil’ 
which is similar to the figure-8 coil but is moulded into a cup shape - fitting the head 
like a shallow cap, and 2) the H-coil marketed by Brainsway. 
 
The clinical advantage of complex coils over standard coils in the treatment of MDD 
is yet to be proven/clarified. However, as mentioned above, the FDA has approved 
dTMS (but not standard TMS) for the treatment of OCD. 
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Illustration. A double-cone coil from MagVenture. 
 

 
Illustration. An advertisement picture of the H-coil offered by Brainsway Co.  
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