EDITORIAL

Transcranial magnetic stimulation: an
alternative physical treatment in depression

Veronica O’Keane

There are still a very limited number of physical therapies
available for those suffering from depression, in spite of
the rapid developments in pharmacological treatments.
Electroconvulsive therapy (ECT) has the highest rate of
response of any form of antidepressant therapy but is
generally used only in those patients failing to respond to
pharmacotherapy, except in specific and very limited situ-
ations where it is recommended as a primary therapy.
Stereotactic subcaudate tractotomy (SST), the standard
neurosurgical procedure employed in the UK for resistant
depression, is only indicated when patients are suffering
from severe, disabling depressive illness; and have failed to
respond to all other treatments. Physical therapies are
generally framed in this context, ie. as treatments for those
suffering from intractable depression. Novel physical ther-
apies will inevitably be compared to ECT as the standard
physical treatment. The categorisation and comparison of
new physical therapies with ECT may not be the appro-
priate way to proceed with evaluating the usefulness of
such treatments. Transcranial magnetic stimulation (TMS)
is a new technology for non-invasively stimulating the
brain and may be an example of a treatment option that
needs to be re-evaluated outside the context of resistant
depression.

Transcranial magnetic stimulation (TMS): mechanism of
-action

TMS has been used as a tool for mapping brain function
for over a decade. TMS involves placing an electromag-
netic, insulated coil on the scalp and rapidly changing the
currents in the coil so that magnetic fields are generated.
These magnetic fields induce currents in neurones to a
depth of about 2cm from the coil surface; thus altering
neuron function, probably by depolarisation.' Different
TMS frequencies result in different physiological effects:
electrophysiological studies have shown that 1-Hz rTMS
of the primary motor area can produce a local decrease in
excitability, whereas higher frequencies are associated with
facilitation of motor cortical excitability.>® The effects
obtained from TMS also depend on the interstimulus inter-
vals (ISIs), as different neuronal circuits are recruited by
differing ISIs.* For example, intracortical inhibitory circuits
are activated at ISIs of 1-4ms and facilitatory circuits at
ISIs of 8-12ms.’

Effects of TMS

Stimulation of selective cortical areas results in specific
motor, sensory, cognitive and behavioural effects.® Left
temporal cortex stimulation can block speech production,
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and stimulation over the occipital cortex can induce visual
disturbance.” Stimulation over the left dorsolateral
prefrontal cortex can inhibit working memory.” Motor
evoked potentials (MEP) in peripheral muscle results from
stimulation of the motor cortex and this effect has been
used to investigate hemispheric differences in motor corti-
cal excitability in depression.' This group compared MEPs
rising from cortical stimulation on the right and left cere-
bral hemispheres in depressed and control groups and
found that depressed patients showed lower excitability on
the left and greater excitability on the right, compared to
controls. This finding is in keeping with neuroimaging
studies suggesting that depressed individuals have a rela-
tive reduction in left dorsolateral prefrontal activity.'""?
TMS has been used as an investigative tool in several
neurological disorders including Parkinson’s Disease, asso-
ciated with reduced motor cortical inhibition at ISIs of less
than Sms, and cerebellar degeneration, associated with
reduced cortical facilitation.'"

TMS as an antidepressant therapy

The use of TMS as a potential therapeutic tool derived
from the observation that subjects experienced changes in
affect during TMS over dominant frontal regions.™ Initial
studies had equivocal results but with the development of
rapid rate magnetic stimulators, using frequencies of up to
20Hz, and targeting the left dorsolateral prefrontal cortex
(LDLPFC), more robust results were obtained.'*'”* TMS
is administered following determination of the patient’s
individual motor threshold by evaluating the minimal
stimulation over the motor cortex that will produce an
MEDP. This measurement is an index of cortical excitability
and determines the stimulation for treatment (usually
80%-90% of motor threshold). A ‘mapping’ procedure
identifies the LDLPFC: this site is located on the cortex by
observing MEP or movement of the abductor pollicis
brevis on the contralateral side. The LDLPFC is located
Scm anterior to the optimal site of stimulation of this
muscle.

Clinical trials

The first study to employ targeted TMS examined
responses in six patients with treatment-resistant major
depressive disorder (MDD)."* Two patients showed a
slight, and two a marked, improvement. The results,
although modest, were encouraging. Figiel ez al'® examined
the anti-depressant efficacy of TMS in 56 refractory
patients in an open trial, as measured by a 60% reduction
in HDRS with a final post-treatment score of 16 or less,
and found a 42% response rate. Subsequent clinical trials
of rTMS can broadly be divided into those in resistant
depression, comparative trials with ECT and those in mild-
moderate depression. Only placebo-controlled, or sham,
studies will be reviewed.
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The first double-blind, randomised and controlled trial
compared responses to sham and real TMS over the right
and left DLPFC and vertex in 17 patients with drug-resis-
tant, psychotic depression.? Left DLPFC stimulation
resulted in significant reduction in some depression scores
compared to other treatments, Berman et al*' assigned
treatment-resistant patients to an active (n = 10) or sham
(n = 10) course of rTMS. A two week course of active
rTMS resulted in statistically significant, but clinically
modest reductions in depression scores, compared to
sham. Padberg e al** compared fast frequency, slow
frequency and sham rTMS in a group of 18 patients with
pharmacotherapy-resistant MDD. Although HDRS scores
fell by 18%, the authors concluded that rTMS did not
show any clinically meaningful antidepressant efficacy.
The most recent study compared real to sham rTMS in 40
patients with drug-resistant depression.?® Real, but not
sham rTMS, was associated with a significant decrease in
HDRS, but only 12 patients decreased more than 50%.
They concluded that rTMS targeting the LDLPFC was
associated with antidepressant efficacy but that the size
effect was small. One study found no difference between
sham and real rTMS in 18 patients suffering from refrac-
tory depression.?* There were no apparent methodological
differences between this study and others to explain the
differing findings.

George et al” compared sham to active LDLPFC TMS
in out-patients with depression and found only a modest
reduction in Hamilton Depression Rating Scores {HDRS).
A subsequent study by this group? examined the efficacy
of TMS, without concurrent antidepressant use, in 30 out-
patients with MDD. Compared to sham, active TMS
produced significantly greater reductions in HDRS but
response rates were only 45% in the active group. A study
from Russia compared real to sham rTMS, in combination
with psychotherapy, in 29 patients with ‘neurotic depres-
sion’.?* HDRS fell from a mean of 22.9 to 8.6 in the
treatment group and was significantly lower than the drop
in scores in the sham group.

Studies comparing ECT to rTMS have employed differ-
ing designs. One protocol, employed in two studies,
compares ECT to rTMS in a head-to-head design. One of
these studies found superiority for ECT in some measures
but found no overall differences between the two groups,
as measured by rates of remission and drop in HDRS.”
Another study randomly allocated 40 patients to either
ECT or rTMS and found ECT to be superior in delusional
depression but there were no differences in outcome
between the two treatment groups in MDD without
psychosis.”* Another design examined the efficacy of alter-
nating ECT with rTMS treatments vs ECT alone.”
Combination therapy was as effective as ECT alone and
not associated with as many subjective side-effects.

Safety and tolerability of rTMS

TMS is considered a safe treatment if used within guide-
lines for maximum safe combination of stimulus frequency,
intensity, ISI and duration.'® A study of 22 patients who had
brain volumetric analysis performed using MRI, prior to
and following rTMS, found that there were no observed
structural changes as a result of treatment.*® The most
frequent unwanted side effects are mild scalp discomfort
due to muscular contraction, and noise. The use of ear
plugs is recommended for this reason. Auditory threshold
was examined in 18 subjects who received up to six weeks
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exposure to rMRS and two patients showed mild high
frequency hearing loss after several weeks.”

Neuropsychological function has been tested formally in
several studies of rTMS and has been found: to improve
globally following treatment, probably as a result of prac-
tice effects (as the improvement was also found in the
sham group); *' to selectively improve memory function
only;* and to have no adverse effects on neuropsycholog-
ical performance.”

Mechanism of action of rTMS in depression

The pathophysiology of depression may include hypoac-
tivity in the left prefrontal cortex, as demonstrated by
neuroimaging studies.'” One mechanism of action of rTMS
in depression may be to increase activity in the DLPFC
brain region. Several studies have tested this hypothesis,
using diverse research strategies. Catafau ef a/* examined
regional cerebral blood flow (rCBF) in seven patients with
MDD before and following treatment with rTMS. They
found that treatment induced a significant increase in
rCBF in the left prefrontal cortex but no relationship could
be established between increases in rCBF and clinical
response. Another single photon emission computed
tomography (SPECT) study examined brain blood flow
changes in 22 depressed adults following a two week
course of standard rTMS therapy.” At medication-free
baseline blood flow in the bilateral medial temporal lobes,
left prefrontal cortex and caudate declined with increasing
depression severity. This negative correlation disappeared
following treatment. Responders showed increased infe-
rior frontal lobe activity compared to non-responders prior
to treatment and this difference increased further follow-
ing treatment.

A neuroimaging study using positon emission tomogra-
phy (PET) has examined rCBF in 10 patients using high
and low frequency rTMS.* High frequency rTMS resulted
in increased rCBF in bilateral frontal, limbic and paralim-
bic regions, whereas low frequency rTMS produced more
circumscribed decreases. Taken together, these results
suggest that rTMS affects prefrontal and paralimbic activ-
ity, but the relationship between this effect and treatment
response is not clear.

Rat studies have inevitably examined changes in brain
serotonin (SHT) function consequent to rTMS. One study
found that rTMS reduced the sensitivity of SHT1A autore-
ceptors: a finding also demonstrated following
antidepressant treatments.” Another study has found that
rTMS in ‘high-anxiety’ rats attenuates behavioural and
neuroendocrine (cortisol) stress responses.” Comparable
studies in humans are lacking. ~

Conclusions

Neuropsychopharmacological treatments for depression
continue to advance but the area of physical somatic inter-
ventions has lagged behind. TMS therapy undoubtedly has
antidepressant actions, as evidenced by the above studies.
It has the advantage of not requiring anaesthesia, not
inducing seizure and has no apparent cognitive side effects.
Preliminary data from rTMS and PET studies reveal differ-
ential effects of rTMS frequency on regional cerebral
neural activity in depressed patients. That rTMS may be
more efficacious in severe depression, compared to
mild/moderate depression, may be because rTMS is target-
ing a specific brain dysfunction present only in more
‘biologically’ defined depressions. These findings are also
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exciting because it lends further weight to the evidence
implicating left prefrontal cortex dysfunction in depres-
sion. Repetitive TMS is not effective in psychotic
depression, in contrast to ECT, and suggests that another
brain area may be involved in processing the psychotic
symptoms of depression.

TMS is not only a valuable treatment option but informs
us about the nature of different depressive syndromes.
Clearly, depression is a heterogenous disorder, defined in
terms of clinical syndromes rather than brain pathophysi-
ology. That rTMS has not yet found a clinical niche may
result from the limitations of our definitions of depression,
rather than of the therapy itself. Therapies such as rTMS
may enable us to move towards more biologically intelli-
gent definitions of depressive syndromes.
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