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ABSTRACT

Objective: To analyze all current literature related to different
transcranial magnetic stimulation (TMS) modalities in the
management of schizophrenia symptoms and compare the main
controversies in the outcome measures.

Data Sources: A comprehensive search in Ovid MEDLINE, APA
PsycINFO, and PubMed was conducted (1996 to present) to
identify all articles using the search terms schizophrenia and single
pulse TMS, schizophrenia and paired pulse TMS, schizophrenia and
repetitive TMS, schizophrenia and deep TMS, and schizophrenia and
TBS.

Data Selection: Search results were limited to the English
language and human subjects. Unrelated articles were excluded
after the initial review. Nineteen studies fulfilled the eligibility
criteria. These studies included 531 schizophrenia patients and 283
healthy controls.

Results: While some adverse effects of TMS are reported, the
process is generally considered safe. However, discrepancies exist
regarding the length of the cortical silent period. The cortical silent
period is thought to be mediated by y-aminobutyric acid (GABA)
receptors and is considered a useful probe to assess motor cortical
inhibition. It is generally believed that patients with schizophrenia
present changes in the cortical silent period due to GABA
abnormalities. A few physiologic studies utilized TMS to study
motor cortical excitability in schizophrenia and reported longer,
and some shorter, cortical silent periods compared with healthy
controls. Also, some studies reported a shorter cortical silent
period for unmedicated versus medicated patients, while others
reported no differences.

Conclusion: TMS treatment is commonly reported to improve
auditory hallucination in schizophrenia. Advantage of use of deep
TMS over repetitive TMS, however, is controversial.
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S chizophrenia is a chronic debilitating condition
that has life-long complications in terms of stress,
cost, and quality of life for patients and their families.
Approximately 1% of the world population is diagnosed
with schizophrenia, generally during their early 20s.!
Schizophrenia is one of the most complex syndromes of
the brain and involves multiple symptom domains with
different neurobiological underpinnings, which explains
why there is so much interindividual variability in clinical
presentation and treatment response in these patients. The
core symptom domains that are globally presented in this
patient population include psychosis or positive symptoms
(ie, hallucinations and delusions), negative symptoms
(such as avolition, amotivation, anhedonia, asociality),
and cognitive dysfunction (such as deficits in attention,
memory, and executive function).>> Unfortunately, the
existing antipsychotic medications were developed to
primarily address psychosis with no clinically meaningful
effects on other symptom domains. A major reason for
partial efficacy of antipsychotic medications is due to the
lack of an etiobiological understanding of the illness.? The
antipsychotic medications provide only symptomatic relief
in positive symptoms rather than a complete remission in
most patients. The results are even more disappointing in
patients with treatment-refractory schizophrenia (TRS),
so much so that only about 30% of patients with TRS
respond to clozapine, which is still the gold standard to
manage such cases.® Clearly, there is a need to develop
more effective and comprehensive treatments to manage
schizophrenia with an ability to address treatment
refractoriness as well as other symptom domains besides
psychosis.

Transcranial magnetic stimulation (TMS) is
noninvasive brain neuromodulation by induction of a
magnetic field through a magnetic coil. In this procedure,
a strong magnetic pulse is delivered to the brain cortex,
which in turn creates an inverted electric charge and
depolarizes neurons in brain tissue.” Given its potential
as an alternative to psychopharmacologic treatment, TMS
has attracted considerable attention from researchers and
therapists within the past 2 decades. Different types of
repetitive magnetic stimulation have been used to achieve
this goal. However, single pulse, paired pulse, and repetitive
pulse are the main approaches that have been extensively
used and studied previously.® In a single-pulse stimulation,
1 pulse is delivered with a frequency of less than 1 Hz. In
a paired TMS, 2 pulses are delivered to inhibit or excite
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Clinical Points

B TMS treatment seems promising to address symptoms of
schizophrenia, particularly in treatment-resistant patients.

B |ntermittent theta burst TMS and deep TMS potentially
provide benefit in the treatment of negative symptoms of
schizophrenia.

neurons in either the same or the opposite hemisphere. In a
repetitive TMS (rTMS), a series of pulses are delivered either
in low frequency (inhibitory, eg, 1 Hz) or high frequency
(excitatory, eg, 10 Hz). A newer form of rTMS, express
TMS or theta burst TMS (TBS), delivers 3 bursts of high-
frequency stimulation (50 Hz) at a burst interval of 200 ms
(ie, 5 Hz). TBS appears to have greater effect in a shorter
period and is offered in 3 patterns: continuous (cTBS),
intermittent (iTBS), and intermediate (imTBS).’ In the cTBS
paradigm, uninterrupted trains of TBS signals are delivered
for a period of 40 seconds (total of 600 pulses). In iTBS,
on the other hand, a total of 600 pulses of TBS stimulation
(each pulse is 2 seconds long) are delivered with 8-second
intervals (ie, pulses are delivered every 10 seconds, total of
190 seconds). In the imTBS paradigm, a 5-second TBS signal
is repeated every 15 seconds (total 600 pulse, 110 seconds).’

Huang et al’ found that an intermittent TBS protocol
would result in facilitation, whereas a continuous TBS
protocol would result in an inhibitory effect on motor-
evoked potentials. An alternative to TMS and TBS is deep
TMS (eg, Brainsway), in which pulses reach deeper into
the brain (H-coil, 6 cm), and it is often used to treat drug-
resistant major depressive disorder.'°

TMS application in psychiatry has been reviewed
previously; however, much of the research focused on 1
type of TMS or 1 outcome measure or symptom.'® The
objective of this review was to analyze all current literature
related to different TMS modalities in the management of
schizophrenia symptoms and to compare main controversies
in outcome measures.

METHODS

A comprehensive search in Ovid MEDLINE, APA
PsycINFO, and PubMed was conducted to identify all
articles (1996 to present) related to TMS and schizophrenia.
The search was conducted using the following terms:
schizophrenia and single pulse TMS, schizophrenia and paired
pulse TMS, schizophrenia and repetitive TMS, schizophrenia
and deep TMS, and schizophrenia and TBS. When search
results were limited to English and human subjects and
unrelated articles were excluded after our initial review, a
total of 43 articles remained in the pool. All articles were
downloaded and reviewed for further assessment. Review
articles and those that recruited only healthy participants
were excluded. The remaining 19 articles were reviewed and
discussed further.!'-?

RESULTS

The 19 studies!!~?° that fulfilled the eligibility criteria
for this review were mostly conducted in North America
and Europe. Overall, these studies tested 531 patients with
schizophrenia or schizophrenia-like symptoms (including
medicated, unmedicated, treatment refractory) and 283
healthy controls (Table 1). These studies administered
various TMS modalities, including single-pulse TMS, paired-
pulse TMS, low-frequency rTMS, high-frequency deep TMS,
and TBS (Table 2).

Use of TMS for Physiologic Assessment

The included studies highlighted the use of different
modalities of TMS for both physiologic assessment and
treatment purposes. In this context, single- and paired-pulse
TMS were often used to identify and compare motor-
evoked potential, silence periods following motor-evoked
potential, short-interval intercortical inhibition (SICI),
and intercortical facilitation. On the other hand, other
modalities of TMS were used for treatment and comparison
of treatment effectiveness. Several studies used single-
pulse TMS to document characteristics of schizophrenia
patients.!?326 The study by Andrews et al'! explored the
potential dysfunctionality of mirror neurons in schizophrenia
patients and reported similar suppression of p and motor
resonance as they observed in the control group, suggesting
the intactness of the function of mirror neurons in the stable
schizophrenia outpatients.

It is well known that patients with schizophrenia
demonstrate visual backward masking impairment.*>*! On
the other hand, previous studies have shown that transcranial
magnetic stimulation affects visual processing in the primary
visual cortex.’>** Luber et al?® and Rassovsky et al*® both
utilized single-pulse TMS on the visual cortex to study
the effect of forward and backward masking. Luber et al*
speculated that if the visual backward masking impairment
in schizophrenia is localized to the primary visual cortex,
then TMS neural stimulation may simulate similar effects
as visual backward masking for schizophrenia patients,
and target recognition will be further challenged in these
patients when compared to healthy controls. Luber et al*
indicated that recovery from occipital TMS application
between schizophrenia patients and healthy controls is
not significantly different. Therefore, it was concluded
that schizophrenia patients have no deficit in first visual
processing in the occipital cortex (V1).2

Additionally, deficits of social cognition, which lead to
social dysfunction and inability to perceive emotions, is a
well-known characteristic of individuals with schizophrenia.
With the use of single-pulse TMS, Rassovsky et al* studied
facial emotion perception in this patient group. Four basic
facial emotions (happy, sad, angry, and afraid) were displayed
by photographs to healthy controls and schizophrenia
patients. To manipulate temporal processing by visual
suppression, single-pulse TMS was delivered to the visual
cortex either before or after photograph presentation
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Table 1. Summary of the Reviewed Studies of Transcranial Magnetic Stimulation (TMS)

Study Sample, n

Study Study Location Schizophrenia Healthy Controls Exposure
Andrews et al, 2015"" Australia 19 19 spTMS
Daskalakis et al, 2002'2 Canada Medicated: 15 15 SpTMS, ppTMS
Unmedicated: 15
Demirtas-Tatlidede et al, 20103 TRS: 8 NA TBS
Du and Hong, 2018 United States 25 29 spTMS, ppTMS
Fitzgerald et al, 2002'° Australia 22 21 spTMS, ppTMS
Fitzgerald et al, 2004'6 Australia Unmedicated: 10 18 spTMS, ppTMS,
Medicated: 16 1HzrTMS
Hasan et al, 2013"7 Germany Schizophrenia: 25 41 spTMS, ppTMS
ADHD: 28
Homan et al, 20128 Switzerland TRS: 24 NA FTMS + fMRI
Kindler et al, 2013" TRS: 24 NA 1 Hz rTMS, TBS
Lee et al, 200520 South Korea TRS: 39 NA 1 Hz rTMS
Levkovitz et al, 20112 15 NA 20 Hz deep TMS
Linsambarth et al, 201922 Medicated: 16 NA 18 Hz deep TMS
Luber et al, 20072 United States 17 19 spTMS to visual
cortex for masking
Pascual-Leone et al, 200224 United States Medicated: 7 7 SpTMS, ppTMS
Unmedicated: 7
Rabany et al, 2014% 28 NA 20 Hz deep TMS
Rassovsky et al, 201426 United States 25 27 spTMS to visual
cortex for masking
Slotema et al, 201127 The Netherlands ~ TRS: 62 NA fMRI FTMS, rTMS
Strube et al, 201428 Germany Chronic: 42 59 spTMS, ppTMS
Recent: 41
Wobrock et al, 2008%° Germany Recent: 29 28 ppTMS

Abbreviations: fMRI=functional magnetic resonance image, NA=not applicable, pp = paired pulse,
ITMS =repetitive TMS, sp=single pulse, TBS =theta burst stimulation, TRS =treatment-refractory schizophrenia.

Table 2. Summary of the Differences in the Literature Regarding Changes in the Cortical Silent Period in

Schizophrenia Patients Following TMS Delivery

Study Muscle TMS Intensity Participants Change in CSP
Daskalakis et al, 1st dorsal 10%, 20%, 30%, and 40% above active UNMED SCH: 15 UNMED <MED
20022 interosseous motor threshold (obtained by the MED SCH: 15
stimulus that created MEP > 100 uv) HC: 15
Davey et al, 199738 Thenar muscles  2%-5% maximum stimulator output ~ UNMED SCH: 9 UNMED < MED
above the threshold for evoking cMEP  MED SCH: 9
responses
Fitzgerald et al, 2004'®  Right abductor ~ 110% of the RMT UNMED SCH: 10 UNMED/MED <HC
pollicis brevis MED SCH: 16 No differences between UNMED
HC: 18 and MED
Puri et al, 1996°° Thenar muscles  2%-5% maximum stimulator output ~ UNMED SCH: 9 No differences between UNMED
above the threshold for evoking cMEP  HC: 9 and HC
responses
Strube et al, 201428 Right dorsal 120% of RMT Recent SCH: 41 HC <recent SCH
interosseous Chronic SCH:42  HC<both recent and chronic SCH

HC: 59

No differences between recent
and chronic SCH

Abbreviations: cMEP =compound motor-evoked potential, CSP = cortical silent period, HC=healthy controls, MED = medicated,
MEP =motor-evoked potential, RMT =resting motor threshold, SCH= schizophrenia, TMS=transcranial magnetic stimulation,

UNMED =unmedicated.

(forward and backward masking). The study®® found that,
at the level of the primary visual cortex, both control
and patient participants were affected similarly by visual
suppression via single-pulse TMS. The study®® suggested
that deficits in facial emotion identification in patients with
schizophrenia occur at later integrative processing stages
(posterior primary visual cortex).

Several studies!>!4-17-242829 ytilized single- and paired-
pulse TMS to study characteristics of schizophrenia patients
or schizophrenia-like symptoms. Du and Hong'* conducted
amethodological study to determine the test-retest reliability

of SICI as evoked by paired-pulse TMS. Results showed
acceptable reliability for both case and control (>0.6
intraclass correlation coefficient) for SICI elicited by 1- and
3-ms interstimulus intervals. In contrast to healthy controls,
who showed a poor intraclass correlation coefficient (ICC),
schizophrenia patients showed acceptable ICC-based
reliability of intracortical facilitation at 9- and 15-ms
interstimulus intervals.

Other studies!>!>17242829 Jooked at changes in cortical
inhibition in schizophrenia patients. Daskalakis et al'?
concluded that schizophrenia patients show a deficit of
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Figure 1. Schematic of Different Modalities of Transcranial

Magnetic Stimulation (TMS)
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cortical inhibition, and antipsychotic medication may
increase cortical inhibition. Fitzgerald et al'® found
that both cortical inhibition and silent period length is
reduced in schizophrenia patients, while Strube et al?®
reported a reduced SICI and longer cortical silent period
in schizophrenia patients compared with healthy controls.
However, Strube et al*® also reported a longer cortical silent
period in recent-onset patients compared to healthy controls.
Similarly, Wobrock et al?’ also reported a reduced SICI in
first-episode schizophrenia patients. In another study,
Hasan et al'” compared patterns of cortical disinhibition and
abnormal hemispheric balance of intracortical excitability
networks among medicated schizophrenia patients, wherein
patients showed a prolonged contralateral silent period and
cortical disinhibition as well as a trend toward a reduced
SICI compared to healthy controls. Additionally, Pascual-
Leone et al?** showed that medicated patients present
higher motor thresholds (~5%) in both hemispheres and
significantly decreased intracortical inhibition compared to
unmedicated patients and control subjects.

Use of TMS for Treatment Purposes

Other modalities of TMS (ie, deep TMS,?1:2%2°
rTMS,1618-2027 and TBS!>1%) were utilized to explore the
effect of magnetic stimulation on the schizophrenic-like
symptoms. Among those studies that explored deep TMS,
Levkovitz et al?! and Rabany et al*® studied the safety and
effectiveness of deep TMS in conjunction with antipsychotic
medication for the treatment of negative symptoms and
cognitive deficits in schizophrenia. Both studies applied
deep TMS daily for 20 days and concluded that H1 coil deep
TMS (20 Hz) as an additional treatment to antipsychotic
medication improves both negative symptoms and cognitive
deficits of schizophrenia. In a more recent study, Linsambarth
et al*? attempted to clarify whether the improvement in
negative symptoms in schizophrenia achieved through

deep TMS is specific to negative symptoms or attributable
to antidepressant effects of transcranial stimulation. The
authors?? administered H2 coil deep TMS (18 Hz) on bilateral
prefrontal regions of medicated schizophrenia patients and
concluded that improvement of negative symptoms might
partially result from prefrontal cortex-related functions
contributing to negative symptoms in schizophrenia.

Fitzgerald et al'® studied potential abnormal responses
to rTMS in patients with schizophrenia and its relation to
cortical inhibition deficits. Low-frequency (1 Hz) rTMS
was induced. Although participants showed similar motor
cortical excitability at baseline, rTMS did not reduce
cortical excitability or increase the cortical silent period
in the patient population, regardless of whether they were
medicated or not, while it did decrease in healthy controls.
Others utilized low-frequency (1 Hz) rTMS to explore its
effect on auditory hallucination in schizophrenia patients.
Homan et al'® concluded that only patients with higher
superior temporal gyrus perfusion benefited from rTMS
as an additional therapy to their ongoing treatment. In
a double-blind randomized controlled study, Lee et al*
reported that a 10-day daily low-frequency (1 Hz) rTMS
over the left or right temporoparietal cortex will significantly
reduce auditory hallucination in schizophrenia patients. In
contrast, in a large randomized controlled trial, Slotema et
al”’ reported no significant changes in the severity of general
psychotic symptoms (eg, auditory hallucination) between the
3 groups of functional magnetic resonance image (fMRI)-
guided (to the site of maximum hallucinatory activation)
low-frequency rTMS, left temporoparietal rTMS, and sham
rTMS.

Two studies in our review utilized TBS.'>!? In a single-
blind randomized controlled study, Kindler et al'® compared
the effectiveness of continuous TBS and 10-day, low-
frequency (1 Hz) rTMS in the treatment of auditory verbal
hallucination and reported a similar outcome. Demirtas-
Tatlidede et al'® induced intermittent magnetic resonance
imaging-guided TBS to schizophrenia patients. While iTBS
created insignificant side effects (ie, neck pain, headache, a
mild drop of diastolic blood pressure for 5 minutes following
TBS), it was effective to improve cognition, reduce negative
symptoms, and elevate mood.

DISCUSSION

Transcranial magnetic stimulation is a noninvasive
method that has been used for both therapeutic and
physiologic assessment purposes.***> While some adverse
effects of TMS are reported in the literature,>>%” the process is
generally considered safe.”! TMS has been found effective in
the evaluation and treatment of several psychiatric disorders
including schizophrenia.’” Figure 1 provides a schematic of
common TMS modalities.

Use of TMS for Physiologic Assessment
Figure 2 depicts a typical change in electromyography
(EMG) signal following delivery of TMS. The cortical silent
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Figure 2. Typical Electromyography (EMG) Activity Following

Exposure to Transcranial Magnetic Stimulation

The signal starts with normal tonic motor activity. (A) points to the time

of stimulus delivery. Shortly following delivery of the cortical stimulus (A),
change in EMG activity is observed, which represents onset (B) and offset

(C) of motor-evoked potential. The time between point (C) and (D) represents
the cortical silent period. The cortical silent period represents the suppression

of tonic motor activity following TMS exposure to the contralateral motor cortex.
Following point (D), the muscle regains its normal tonic activity.

period is reflected on EMG activity of muscles (typically dorsal
interosseous muscles) as is referred to the suppression of tonic motor
activity following TMS exposure to the contralateral motor cortex.
While changes in the cortical silent period among schizophrenia
patients have attracted the attention of many researchers, the
alteration is still controversial. Several studies compared the
cortical silent period of medicated and unmedicated patients with
schizophrenia with that of healthy controls. Daskalakis et al'2
reported that the cortical silent period is shorter for unmedicated
schizophrenia patients compared to medicated patients. This
finding is in agreement with that of Davey et al*® and in contrast
with that of Puri et al*® and Fitzgerald et al,'® who reported no
difference in the cortical silent period between medicated and
unmedicated patients. While Fitzgerald et al'® reported a shorter
cortical silent period for schizophrenia patients, both Strube et
al?® and Hasan et al'” reported that patients with schizophrenia
have a significantly longer cortical silent period compared with
healthy participants. We anticipate that the discrepancies in the
literature on the cortical silent period are due to the variations
in study protocols and TMS intensities. Table 2 summarizes the
difference found in the literature regarding changes in the cortical
silent period in schizophrenia patients following TMS delivery.

Use of TMS for Treatment Purposes

Auditory hallucination is a common characteristic of several
psychiatric disorders, including schizophrenia, in which patients
experience a false perception of sound. Among the studies that we
reviewed, several focused on the effect of TMS administration on
auditory hallucination.'®-2**” Homan et al'® reported that auditory
hallucination in medication-refractory schizophrenia patients with
higher superior temporal gyrus perfusion is reduced by 50% or
more following 10 days of rTMS therapy. Similarly, Lee et al?

TMS Modalities for Patients With Schizophrenia

reported that 10 days of daily ¥TMS at1 Hz benefits
treatment-resistant patients with schizophrenia in
reduction of auditory hallucinations. In contrast,
however, Kindler et al'® reported that exposure
of patients with schizophrenia or schizoaffective
disorder to either ¢TBS or 1 Hz TMS similarly
improves auditory verbal hallucinations. Additionally,
Slotema et al?” reported no significant changes in the
severity of auditory verbal hallucination between the
3 groups of fMRI-guided low-frequency rTMS, left
temporoparietal rTMS, and sham rTMS.

While the underlying mechanism of different types
of TMS delivery is similar, there are different US Food
and Drug Administration-approved variations. Deep
TMS is a variation wherein an H-coil is utilized to
create a synergistic magnetic field that reaches deeper
structures in the brain and requires a shorter length
of treatment. Although several studies?***! have
reported good efficacy of deep TMS, Lonergan et
al*? delineated a lower efficacy and higher rate of side
effects for deep TMS compared with surface TMS
machines. However, in our review all studies?!?>%°
that utilized deep TMS reported that deep TMS as
an additional treatment to antipsychotic medication
improves both negative symptoms and cognitive
deficits of schizophrenia.

CONCLUSION

Our review compared studies with a focus on the
use of different modalities of TMS and schizophrenia.
The main controversies that we found in our review
were related to silent periods following exposure to
TMS and auditory hallucination in patients with
schizophrenia that are compared and discussed.

Overall, it appears that use of TMS for physiologic
assessment or treatment of schizophrenia is beneficial.
To establish a robust conclusion and resolve
controversies, however, further studies are needed. In
summary, from the clinical perspective, it is generally
believed that deep TMS stimulates a deeper and larger
area and therefore takes less time to achieve the same
results compared with rTMS. Additionally, TBS
appears to achieve results much faster than deep TMS.

In regard to treatment of schizophrenia symptoms,
although many controversies exist in use and benefits
of rTMS and deep TMS, it appears that use of low-
frequency rTMS (1 Hz) and deep TMS benefits
patients with schizophrenia by reducing auditory
hallucination. Deep TMS (20 Hz) appears to improve
both negative symptoms and cognitive deficits of
schizophrenia when added as an additional treatment
to antipsychotic medication. Furthermore, use of cTBS
improves hallucination, which is reported to create
similar outcomes as low-frequency (1 Hz) rTMS.
iTBS, on the other hand, is used to improve negative
symptoms, cognition, and mood in schizophrenia.
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