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Abstract: Transcranial Magnetic Stimulation (TMS) is defined as induction of an electrical current within the brain using
fluctuating magnetic fields that are generated outside the brain close to scalp. In General, health care providers are interested in
providing best health interventions to achieve effective outcomes and reduce unexpected results. This article formulated clinical
questions about efficacy of TMS among patients with Major Depressive Disorder (MDD). The clinical question structure
(PICOT) facilitates comparing TMS with other alternative interventions such as antidepressants or ECT. According available
literature, among MDD patients the TMS is more effective compared to no treatments model. In addition to that, the evidences
analysis showed that TMS is more effective than traditional antidepressants among MDD patients during in patient's periods. The
literature also indicated that among MDD patients TMS is more effective than Electroconvulsive Therapy (ECT) especially for

maintenance therapy during inpatient time.

Keywords: Transcranial Magnetic Stimulation, Major Depression, Electroconvulsive Therapy, Evidence Based Practice

1. Introduction

Mental health problems are international challenges that
have significant contribution in illness burden worldwide [1].
Major Depressive Disorder (MDD) was one of common
health problems and was estimated to affect 121 million adults
worldwide [2]. The MDD currently represents second health
problem regarding disability that is caused by illness in the
world [2].

The MDD is defined as period of at least two weeks during
which there were depressed mood and loss of interest or
pleasure in most activities [3]. The MDD is associated with
significant morbidity, mortality and disability that load the
individual and his/ her family, contributed with impaired
cognitive skills and deterioration of individual life aspects [1,
4]. Symptoms of depression include feeling of hopelessness
and helplessness, loss energy, anhedonia, agitation, fatigue,
withdrawn, weight loss or gain and inappropriate thinking [5].

Since 2000, Majority of published western guidelines have

recommendations about all treatment phases of depression.
The first line treatment is usually serotonin reuptake inhibitor,
psychotherapy, or combination of psychotherapy and
pharmacotherapy [6]. Actually, there is no exclusive effective
therapy to treat MDD for every patient [4]. However, almost
half of patients who are treated from MDD do not attain full
remission of their symptoms, and they remain under risk of
residual symptoms and relapse [7].

Tusaie & Fitzpatrick classified treatment modalities to
psychotherapy, psychopharmacology and somatic therapy
such as Electroconvulsive Therapy (ECT), Transcranial
Magnetic Stimulation (TMS) and Vagal Nerve Stimulation
(VNS) [8]. Specifically, TMS is defined as induction of an
electrical current within the brain using fluctuating magnetic
fields that are generated outside the brain close to scalp [9].
TMS is magnetic stimulation of the human motor cortex to
produce depolarization of cortical areas. It was used before
20years ago as a therapy for MDD [10].

In General, health care providers are interested in providing
best health interventions to achieve effective outcomes and
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reduce unexpected results. One of most useful method to satisfy
the solicitude in health care management is Evidence Based
Practice (EBP) technique. EBP is defined as a problem-solving
approach to deliver health care practice that is integrated with
best evidence from studies, patient care data with clinician
expertise, and patient preferences and values [11].

EBP has different level of evidences that reflect
methodological rigor of their studies [12]. The level of EBP
evidences started from systematic review or meta-analysis
which indicates high strength evidence with less susceptible to
bias. The low ranking level of EBP is opinion authorities or
respected expert committees that is less rigor evidence and
more susceptible to bias [12]. Indeed, the satisfied EBP is
defined as practices and policies based on updated and most
rigorous methodology evidences [13, 12].

2. Methodology
2.1. PICOT Question Form

Implementing EBP technique requires using of PICOT
approach to formulate a clinical question. PICOT is defined as
a method to formulate a clinical question and direct searching
for evidences [14]. Using this format can help us to find best
evidences available in a swift and more efficient manner [14].
Furthermore, PICOT question is consistent and systematic
way to articulate components of a clinical issue to sustain
practice effectively and quickly [11].

It is important to identify structures of a clinical question in
terms of PICOT format. PICOT format consist of Population
(P), Intervention or issue of interest (I), Comparing
intervention or issue of interest (C), Outcome (O), and Time of
implementing intervention (T) [11].

2.2. PICOT Question Regarding TMS for Patients with
MDD

This article designated a clinical question about efficacy of
TMS among patients with MDD. The clinical question
structures facilitate comparing TMS with other alternative
interventions such as antidepressants or ECT. The PICOT
structures are illustrated in Table 1 as listed below.

Table 1. PICOT format structures about TMS for MDD.

Components Clinical Question Elements

P MDD patients

I TMS

C Without TMS or compared to antidepressant or ECT
(6] Reducing severity of MDD and enhancing symptoms
T Hospitalization period

Formulated clinical questions from the former PICOT
format include all the following formulas that will be
answered by evidences in next steps.

1. Among MDD patients, does the TMS effective in
reducing depressive symptoms compared with no TMS
during inpatient period?

2. Among MDD patients, does the TMS effective in
reducing depressive symptoms compared with
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antidepressant during inpatient period?

3. Among MDD patients, does the TMS effective in
reducing depressive symptoms compared with ECT
during inpatient period?

To that end, the purpose of this paper is to answer the

formulated PICOT questions that compared the efficacy of
TMS with other treatment modality of MDD.

3. Literature Review
3.1. TMS Procedure and Mechanism of Action

In 1985, the TMS was introduced as somatic therapy
technique to stimulate the cerebral cortex non-invasively [15].
It was classified as single pulse or repetitive therapy using
either high frequency above one hertz for activation of brain
cortex, or using low frequency below one hertz for inhibiting
cortex [16, 17]. The TMS machine consists of large magnetic
equalizer and locally applied coils to induce pulsating waves
over located area with organized parameter to set frequencies,
duration and thresholds [18, 9]. Clinically, TMS provides
useful effect to treat many psychiatric and mental illness such
as MDD, auditory hallucinations, and negative symptoms of
schizophrenic patients [19, 20].

As stated by Baeken and Raedt, among MDD patients there
is a pronounced shift in the homeostasis with diminished
activity in the prefrontal cortex (dorsolateral and anterior
cingulated) [18]. As a result of this, amygdala increases
activity of stress system as loss of negative feedback on
hypothalamic-pituitary-adrenal =~ axis.  After that the
accumulation of cortisol level lead to hyper cortisolemia [18].

Applying TMS on dorsolateral prefrontal cortex suppresses
hypothalamic and indirectly increase amygdala hyperactivity.
Therefore normalization in the negative feedback system will
be produced [18]. Furthermore, the antidepressant mechanism
TMS may be reflected as inhibition of hyperactivity in the left
temporal cortex and fusiform gyrus, perhaps through
augmenting the function of anterior cingulum and the medial
prefrontal cortex [21].

TMS enhance cerebral blood flow in the brain and improve
oxygenation on multiple cerebral regions [22]. This action
improves many cerebral functions without unpleasant changes
in other regions of brain because of its focal effect [22]. As
well, TMS provides stimulating or inhibitory effect to
different functions of multiple brain regions as prefrontal
cortex, cingulate gyrus, orbito frontal cortex or deeper limbic
regions like the amygdala, insula and hippocampus [17].

3.2. Effectiveness of TMS for MDD Patients

A systematic review study of 29 randomized control trials
(RCT) indicated that TMS was effective with 1371 subjects as
a monotherapy [23]. The same study showed that TMS using
recommended sessions of 8 to 12 over one month is effective
in alleviating depressive symptoms and improving cognitive
functions with favorable side effects [23]. One more
systematic review study was consistent with the conclusion of
the previous study and reported that TMS is effective and safe
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therapy for MDD [24].

In addition, another systematic review and meta-analysis
study of the TMS studies on depression with inclusion criteria
included 13 initial studies (324 patients) and five studies for
the recent meta-analysis (274 patients), suggested that TMS
clinical trials have demonstrated antidepressant effect [25].

However, one systematic review and meta-analysis of RCT
study demonstrated opposite conclusion. The study explored
10 RCT including 634 patients were deemed eligible for
inclusion in that meta-analysis [26]. The results of the
meta-analysis indicated that the clinical effectiveness of
bilateral TMS was not significantly greater than that of
unilateral TMS, but it was greater than sham TMS in patients
with MDD [26]. It is recommended that bilateral TMS may
not be a favorable stimulation model for treating MDD
patients [26].

In a like manner, a systematic review and meta-analysis of
16 double blind, randomized, sham-controlled trials indicated
that the high frequency TMS has only slight antidepressant
effect and appears to be fostered by antidepressant
medications [27].

In their RCT, Levkovitz and his colleagues have studied the
antidepressant and cognitive effects generated by 4 weeks of
high-frequency TMS over the prefrontal cortex of 65
medication-free patients with MDD [28]. A significant
improvement in depressive symptoms scores was found when
high stimulation potency was used with no adverse effect of
treatment was observed [28]. The authors concluded that TMS
over the prefrontal cortex region was found safe and effective in
relieving depression [28]. In addition to that, an additional RCT
of daily left prefrontal TMS as a monotherapy of 190 MDD
patients found significant clinical antidepressant effect [29].

Not only antidepressant effect but enhancing antidepressant
medication effect that what Isserlesa and his colleagues
suggested in their RCT [30]. The authors observed depressive
level of 57 patients with MDD after TMS sessions, and they
concluded that TMS over prefrontal cortex proved to be safe
and effective in treating MDD [30]. In contrary, a different
RCT study of three compared groups of 41 medication free
patients with MDD, suggested that TMS has no antidepressant
effects [31].

In less strength evidence, a pilot study investigated the
effect of high-frequency TMS on psychomotor retardation and
agitation in MDD patients. The study investigated the effect of
high frequency TMS on psychomotor retardation and
agitation in 30 patients with MDD [32]. The authors found
trend in dropping agitation level but not in relieving of
retardation. In the same study the results showed no general
additional antidepressant effect of TMS was observed [32].

3.3. TMS versus Antidepressants

A further systematic review study indicated that TMS
among treatment resistant depressive patients after failed of
traditional Antidepressants (AD), such as SSRIs, was effective
in reducing depressive symptoms on Hamilton Depression
Rating Scale [33]. TMS side effects were less compared to
antidepressants drugs in addition to response and adherence

that were more efficient in TMS [33]. In the same study, TMS
demonstrated safe strategy with less dropout rate compared to
traditional antidepressant medications.

Another systematic review study of eight RCT of 263
subjects concluded that TMS on left prefrontal cortex has
significant effect on MDD patients, and it is more accepted to
them more than traditional antidepressants [34]. Similar, one
RCT of total 60 subjects compared TMS to venlafaxine ER
among treatment resistant patients [35]. In this study the
authors indicated that TMS was effective in improvement
Depressive symptoms with little or no side effects compared
to venlafaxine ER [35].

In the same way, one more observational study examined 307
patients with MDD concluded that TMS is an effective therapy
for patients with MDD who did not respond to initial
antidepressant medication [36]. Furthermore, one RCT showed
that TMS has effective improvement on depressive level for
both alcoholic and nonalcoholic MDD patients without drug
interaction that can be seen in antidepressants [37].

3.4. TMS versus Electroconvulsive Therapy (ECT)

ECT defined as the safe induction of a series of generalized
epileptic seizures for therapeutic purposes, using brief pulse
stimulation techniques under anesthesia and muscle paralysis
[38]. A Systematic review study about TMS and ECT for
patients with MDD analyzed nine RCT studies of 350 patients.
The study indicated that TMS on left or right cortex more
effective in reducing of depressive symptoms and enhancing
remission and response rate with less side effect than ECT [39].

Another systematic review study of 10 trials with total
patients of 425 indicated that TMS had significant advantage on
depressive patients in terms of remission, response, and
improvement of depressive symptoms similar to ECT [40].
However, in the same study, authors reported that TMS has less
side effects intensity than ECT, but ECT is more effective than
TMS in short term treatment for psychotic depression [40].

In contrast, one RCT that compared ECT with right cortex
TMS for 25 depressive patients has opposite results. The study
showed that TMS was less effective than ECT but had lower
side effect with MDD patients [41]. Authors also
recommended using TMS only for patients who are drug
resistant and medically unfit for ECT, and using ECT as first
line treatment for life threatening cases [41].

Additionally, Bailine et al. in their RCT concluded that
remission rate of ECT users in unipolar and bipolar depression
was 60% greater than other drug modalities and TMS [42].
The study also reported that ECT did not induced mania in
depressed patients.

3.5. Side Effects and Disadvantage of TMS

Generally, TMS has less or no side effects, compared to
antidepressants or other somatic therapy, summarized as
localized scalp pain and headache [43, 8]. Moreover, side
effects include syncope, transient headache, local pain, neck
pain, toothache, paresthesia, transient hearing changes and
burns from scalp electrodes [44, 17]. In regard financial
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burden, TMS 1is cost effective therapy that save patients
money in contrary to psychopharmacotherapy [45].

Generalized tonic clonic seizure was observed after high
frequency TMS therapy sessions in adolescent's depression
cases [46, 43, 44]. In addition to that, high frequency TMS for
depressive patients may induce hypomanic or manic shifting
due to therapy [47, 44]. Specifically, induced hypomanic or
manic shifting may associate with patients of ECT- induced
mania history [48].

Furthermore, cardiovascular risks were seen in patients
treated by TMS therapy, as high blood pressure and
tachycardia [31, 49]. There were recommendations to avoid
this therapy among patients who have cochlear implants or
permanent metal devices to prevent destructions and
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unpleasant outcomes [44].

4. Discussion

There are many studies of first level of evidences concluded
that TMS was effective in reducing symptoms of patients with
MDD, prolonged remission and improvement of cognitive
functioning. Studies that reported positive outcomes regarding
TMS efficacy in MDD summarized in Table 2.

However, as shown in Table 2, some RCT and case control
studies reported that TMS had no effect in reducing symptoms
of MDD and it has side effects. Hence, the clinical questions,
which investigate the efficacy of TMS, could be answered
after evaluating all relevant studies.

Table 2. Efficacy of TMS versus no treatment on MDD patients.

Study Objective/ aim Design Tool N E:::ence Outcomes
Berlim et al.,  To assess efficacy of TMS on Systematic HDRS! 29 Level I fn:)(;(l)fh:eslmor;n(;fnTl\(/iI: lrse:sif\(/:tl‘;fi:zts
2014 [23] MDD patients review RCT ‘ py among dep p

with less side effects
Gross et al., Efficacy of TMS on improvement Systematic HDRS & SRCT  Level I 10 sessions of TMS had significant
2007 [25] of MDD symptoms review BDI improvement on HDRS and BDI scales
Levkovitzet  Effectiveness and safety of TMS in 10 sessions of TMS had several cognitive
al., 2009 [28] MDD RCT HDRS 65 Level Il improvements, no serious adverse events.
Hoeppner et Efficacy of TMS on psychomotor . HDRS & TMS provided enhancement on agitation
al., 2010 [32] function in MDD patients Pilot study BDI 30 Level III and retardations
Isserlesa et Efficacy of TMS in treatment TMS provided effective therapeutic
al., 2011 [30]  resistant MDD patients RCT HDRS 37 Level II outcome and improved cognition
Zhang et al., Effectiveness of TMS on response  Systematic HDRS 10 Level T b:ilrege;:iiTynsl r(rilaly fn;)ttrbeatairfa\;\(/)[rgtl))le
2015 [26] and remission rate review RCT ceve stumuwiation mocet for treating

patients
Hausmann et . TMS had no significant improvement of
al., 2004 [31] efficacy of TMS on MDD patients ~ RCT HDRS 41 Level 1 HDRS for MDD patients
Ozten et al., Effectiveness and adverse events It induced mania or hypomania especially
2013 [47] of TMS Case control HDRS 4 Level III with antidepressants
Hu et al., Effect and adverse effect of TMS Case control EEG® & 1 Level TII It induced seizure and with maintenance
2011 [46] in MDD case HDRS induced mania

'Hamilton Depression Rating Scale (HDRS)
*Beck Depression Inventory (BDI)
*Eectroencephalogram (EEG)

Comparing of efficacy of TMS and traditional antidepressants was summarized in table 3. There are two upper level of
evidences support using TMS as effective therapy among MDD patients. However, there are another two RCT studies showed no
difference in efficacy between TMS and antidepressants agent, but TMS has less side effects.

Table 3. Efficacy of TMS compared to antidepressants.

Study Objective/ aim Design Tool N E:::ence Outcomes
. comparing efficacy of TMS and . . . .
Liu et al., 2014 ol A e Ko IDID Sys.tematlc HDRS 7RCT Level I TMS is more effectlve than traditional
[33] . review AD with less side effects
patients
Berlim et al., comparing efficacy of TMS and Systematic TMS more beneficial and effective
2013 [43] standard AD for MDD patients review HDRS LGS than standard AD
Rapinesi et al., comparing efficacy of TMS and AD TMS had significant improvement on
2014 [37] for MDD- alcoholic patients L LEIDLSEE Level Il HDRS as AD without drug interaction
. TMS effective in reducing depressive
Carpenter et al., Efficacy TMS on MDD comparing to .
2012 [36] advanced AD RCT HDRS 307 Level II symptoms as AD agent but with less
side effects
TMS similar as venlafaxine in reducing
Bares et al., Efficacy of TMS compared to . . .
2009 [35] etk st on VIO seibtit RCT BDI 60 Level II depressive symptoms but with less side

effects
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Regarding efficacy of TMS and ECT, table 4 illustrates results of two upper level evidences supported TMS over ECT among
MDD patients. In table 4, results showed that TMS has less side effect compared to ECT. However, there are only second level of
evidences to support using of ECT over TMS especially in sever case and for short periods due to its adverse events.

Table 4. Efficacy of TMS compared to ECT.

Evidence

Study Objective/ aim Design Tool N level Outcomes
Xie et al., comparing efficacy of TMS Sys.tematlc HDRS ORCT  Level TMS is more effectn{e than EFZT in enhancing response
2013 [39] and ECT for MDD patients  review and remission rate with less side effects
vl g ey ol VS Sy g 10y e T b i e ey
2014 [40] and ECT for MDD patients  review RCT ne : J shortp

suicidal behaviors as urgent action
Hansen etal,,  comparing efficacy of TMS TMS less effective than ECT but with less side effects,
2010 [41] and ECT for MDD patients Li{eAr eI 2 LAl recommended to use TMS after failed of AD and ECT
Bailine etal.,  Efficacy ECT on MDD ECT more effective than AD and TMS but had more
2010 [42] compared to AD and TMS RCT HDRS 220 Level Il cognitive side effects limited it to short and urgent cases

Actually, Strength and weakness of previous literature also assist in analyzing data for final decision and conclusion about
clinical questions of using TMS among MDD. Table 5 summarized the strength and weakness of studied that have been used in

literature review.

Table 5. Strength and weakness of literature review.

Study Strength

‘Weakness

-High level of evidence.
-Primary resources of data.

. . -Generalized.
Systematic Review

-Higher level than case control.

-Primary resource of data.

-Manipulation available.

-Generalized.

-Study of Carpenter et al. [36] has large sample size.

RCT

-Study of Berlim et al. [23] has double blind control, 29 RCT.
-Study of Gross et al. [25] uses more specific inclusion criteria.
-Study of Berlim et al. [43] compared to more than one type of AD.

-Shortage of test retest periods.

-Lack of heterogeneous of quality of life for Berlim et al. [23]
-Variation of stimulation process throughout selected studies
for Zhang et al. [26]

-Placebo effect of some cases as sham groups.

-Less than level I of evidence.

-Hawthorn effect.

-Study of Hausmann et al. [31] is old.

-Study of Bailine et al. [42] has augmentation with more than
one intervention.

-Study of Levkovitz et al. [28] has short follow up period

Case control -Specific case and primary resource of data.

-Least level of available literature.
-Non generalized.
-Non randomized and small sample.

As we can see in table 6, a comparison between advantage and disadvantage of the TMS according literature review was

summarized.

Table 6. Advantage and disadvantage of TMS.

Advantage

Disadvantage

-Effective in improvement symptoms of MDD with high evidence practice.
-Focal and selective effect.

-Has additional effect on cognitive and emotional function.

-Less or no drug to drug interaction or with alcohol.

-Strengthening patient's adherence.

-Can be used as maintenance and long term therapy.

-Effective on comorbidity with other psychiatric and physiological illness.
-Less serious side effects.

-Has side effect as any therapy.

-Less effective in urgent situation.

-Costive procedure compared to traditional.

-Requires more studies and research for improve outcomes.

After all former summarized studies, the systematic review
and RCT studies indicated significant and positive correlation
between TMS and symptoms of MDD. Also high level of
evidences supported using TMS as effective therapy for MDD
patients, and low level of evidences (level I to III) were with
negative efficacy. Hence, we can conclude that TMS may be
considered as effective therapy among MDD patients
compared to no treatment model according to vigorous
evidences. That is to say, we answered the first PICOT
question with statement of "among MDD patients the TMS is

more effective compared to no treatments model".

To answer second PICOT question, the literature review
demonstrated that due available high level evidence (level I
and II) that support using TMS more than traditional
antidepressants, TMS 1is significantly more effective than
antidepressants. Antidepressant has only level II of similar
efficacy to TMS and there was no study reported that TMS is
less effective than antidepressants. Moreover, the TMS has
plus feature as less side effects and drugs interactions therapy
compared to antidepressants. In essence, second question can
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be answered by stating that "among MDD patients TMS is
more effective than traditional antidepressants during in
patient's periods".

The last step, there are upper level (I and II) of evidences
that confirmed using TMS is more efficient than using of ECT,
and has less adverse events. On other hand, there are only
second level evidences proved that TMS is less effective than
ECT regardless minimum side effects of TMS. Accordingly,
the third PICOT question can be answered by "among MDD
patients TMS is more effective than ECT especially for
maintenance therapy during inpatient time".

5. Recommendations

In the final analysis, TMS is considered effective treatment
for MDD patient with low side effects compared to ECT and
antidepressants. Many recommendations based on the
literature review are stated in to enhance application of TMS
therapy among MDD patients.

For instance, to apply TMS as somatic therapy, following
steps according Rossi et al. must be performed; consent form
must be taken from patient or family on case of uncontrollable,
full physiological and medical assessment to patient, past
medical and psychological history must be taken by physician,
providing electroencephalogram monitor during and after
procedure to assure safety and effective threshold of
stimulation, reassessing patients vital signs and homeostasis
after sessions [44]. Additionally, developing training
programs for health care provider may enhance application
and caring outcomes of TMS [15].

6. Conclusions

To summarize, TMS has significant efficacy in reducing
MDD symptoms as monotherapy as well as less has low side
effects according to robust evidences. Likewise, TMS can be
used as long term therapy for chronic cases as presented in the
literature compared to the other treatment modalities.

However, TMS is more efficient and has low risk rate than
traditional antidepressants among MDD patients. As well as
TMS is more effective and has low side effects than ECT
therapy for MDD patients.
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