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Abstract: A growing body of studies has demonstrated that acute transcranial magnetic stimulation (TMS)
therapy for treatment-resistant major depressive disorder (MDD) has achieved significant antidepressant effects
and can alleviate other related symptoms. However, MDD has a high relapse rate, and patients with depressive
symptoms can relapse weeks or months after acute TMS treatment. The lack of necessary TMS maintenance pro-
tocols after completing acute TMS treatment with full remission might be one of the reasons for the high relapse
rates in MDD patients. Thus, investigating post-TMS treatment maintenance guidelines is important for decreasing
relapse in treatment-resistant depression patients who had initially responded to acute TMS therapy. Therefore, we
recommend a scientific approach to decrease relapse in treatment-resistant depression patients who had initially
responded to acute TMS treatment.
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Introduction

Major depressive disorder (MDD) is a chronic or
recurrent psychiatric disorder that is associat-
ed with high morbidity, and presents as a big
financial burden [1]. Accumulating evidence
has suggested that 48% of patients suffering
from depression have had suicidal thoughts,
and 24% of those have attempted suicide.
Furthermore, many patients report not receiv-
ing or even recognizing the need for treatment
[2]. In addition, research has shown that the
incidence of suicide is highest during MDD epi-
sodes [2].

An early report on the relapse of MDD shows a
high relapse rate after 12 weeks, with the major-
ity of patients relapsing after four weeks [3].
Increasing evidence supports the notion that for
many people suffering from depression, relapse
after initial recovery is almost a habitual pat-
tern [4]. The likelihood of future depressive epi-
sodes can be as high as 30%, and this rate

can increase with each subsequent episode
(2].

Acute TMS therapy for patients with depres-
sion

A growing body of studies has demonstrated
that acute transcranial magnetic stimulation
(TMS) therapy for treatment-resistant MDD
has achieved significant antidepressant effe-
cts and can help alleviate other related symp-
toms [5-7]. Currently, a large amount of evi-
dence supports the conclusion that high fre-
quency TMS of the left dorsolateral prefrontal
cortex (DLPFC) and low frequency TMS of the
right DLPFC exert antidepressant effects on
MDD, especially in the acute phase of mono-
phasic depressive episodes [8-10]. In conven-
tional clinical practice, TMS was shown to be
effective for the acute treatment of MDD, and
the statistical and clinical significance of the
improvement was manifested in the MDD
patients reported quality of life and functional


http://www.ijppp.org

Maintenance TMS for patients with depression

status [6]. After acute TMS therapy for
six weeks without adjustment for depression
severity, the predictive rate of suicidal ideation
was significantly reduced in adolescents who
had treatment-resistant depression (TRD) [5].
Another study on TRD found that repetitive TMS
(rTMS) provided significant benefits in short-
term treatment for patients with TRD [10].

However, MDD has a high relapse rate, and
patients with depressive symptoms can relapse
weeks or months after acute TMS treatment.
Depressed patients (n=204) treated with
ITMS were enrolled into the follow-up study of
Cohen et al [11]. According to their findings,
80% of the patients relapsed after successful
ITMS treatment [11]. In addition, some stud-
ies have found that after acute TMS therapy
for MDD, the antidepressant effects gradually
decreased, followed by a tendency of relapse
[12]. Therefore, it is important to investigate
different post-TMS maintenance guidelines for
MDD patients who had initially responded to an
acute phase of ITMS treatment to try and
decrease relapse.

Maintenance TMS therapy for patients with
depression

Several studies have investigated the use of
certain maintenance rTMS to decrease relapse
of TRD after acute treatment with rTMS. A
study on MDD discovered that almost 30% of
patients had decreased symptoms after acute
and daily TMS for 3 weeks [13]. Moreover,
acute deep TMS(dTMS) for four weeks induced
a 6.39 point improvement in the Hamilton
Depression Rating Scale (HDRS-21) scores.
The antidepressant effects also remained sta-
ble over three months of dTMS maintenance
treatment in MDD outpatients who had either
failed one to four antidepressant trials or had
not tolerated at least two antidepressant
treatments during a current episode [14]. In
addition, HDRS-6 scores showed significant
reductions during 21 weeks of maintenance
TMS therapy in treatmentresistant MDD
patients who had responded to at least two
courses of acute TMS treatment over four
weeks and had experienced relapse within
three months following the second to last suc-
cessful acute treatment course [15] (See Table
1 for details).

In a study on the maintenance of TMS treat-
ment for a relatively long time (53 weeks), after

antidepressant-free patients with unipolar,
non-psychotic, treatment-resistant MDD under-
went six weeks of acute TMS, these patients
were randomized to receive either a scheduled,
single TMS session delivered monthly (SCH) or
placed in observation-only regimens (OBS).
Patients given SCH therapy revealed a longer
time to relapse compared to the patients in
OBS, but there was no statistical significance
as compared to the control group (OBS) [16].
Tavares et al reported that active dTMS was
superior to placebo surgery, but it was not
effective in the maintenance phase (week
eight) after four weeks of acute dTMS treat-
ment for resistant bipolar depression patients
[12] (See Table 1 for details). Thus, it can be
seen that TMS maintenance therapy is not
always able to prevent relapse in treatment-
resistant MDD. Whether maintenance TMS
therapy can prevent relapse of MDD may be
related to the frequency and duration of its use
and the attenuation cycle of TM antidepressant
effects. Benadhira et al reported that of the 58
TRD patients who received rTMS for one month
in an open-label study (phase I), 35 of the
patients responded to the acute rTMS therapy.
Afterwards, 17 patients were randomized to
receive maintenance sessions (phase ll) for the
subsequent eleven months, characterized by
gradually reducing the regularity of the rTMS
sessions [17] (See Figure 1 for details). The
delta HDRS scores demonstrated a significant
improvement between the first month and the
fourth month for the active group compared to
the placebo group (phase Il) [17]. This TMS fre-
quency of gradually reducing the regularity of
rTMS sessions may be a step toward a scientific
approach to decreasing or preventing relapse
in TRD patients who had initially responded to
acute TMS treatment. In addition, the imple-
mentation of maintenance TMS therapy can be
affected by many other factors, such as medi-
cal reimbursement. One study comparing elec-
troconvulsive therapy (ECT) to TMS found that
due to ECT having more side effects, TRD
patients may prefer TMS treatment if TMS is
included in the service list of the health mainte-
nance organization [18].

Possible mechanisms of TMS on MDD

The antidepressant mechanisms of TMS are
highly relevant to the monoamine neurotrans-
mitter systems, the amino acid transmitter sys-
tems, and the cortical circuits with abnormal
baseline functional connectivity in depression
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Table 1. Summary of studies on the effects of maintenance TMS in depression patients responding to acute TMS treatment
Duration of TMS

. TMS treatment effects
) ) Antidepressantfree  The course of Treatment (weeks)
Subjects Types of depression . . - References
during TMS Treatment depression Acute Maintenance )
Acute phase Maintenance phase
phase phase
Adults (n=43) BD I/11 N an acute depressive 4 4 HDRS-17 scores HDRS-17 scores 'T‘ [2]
episode “'
Patients (n=16) Unipolar, treatment-resis- Y single or recurrent type 6 44 HDRS-17 scores HDRS-17 scores \‘, [20]
tant MDD
Outpatients (n=120) Unipolar nonpsychotic MDD Y single or recurrent type 3 3 HAMD scores \& Almost 30% of patients [24]
remitted
Qutpatients (n=71) MDD Y the current episode 4 12 HDRS-21 scores “, Improvement in HDRS-21 [6]
scores is stable
Patients (n=39) MDD N Remission/Partial 4 21 HAMDG scores “, After TMS series, 79% [13]
Remission/Relapse patients were in remission
Patients (n=17) Unipolar/bipolar TRD N Partial Remission/Relapse 4 44 HDRS-17 scores “' HDRS-17 scores (only in the [19]

fourth month) |

BD, bipolar depression; MDD, major depressive disorder; ‘l, it represents a significant decrease in certain symptoms; ,1\ it represents a nonsignificant increase in certain scores; * , it represents a nonsignificant decrease in certain scores;
HDRS-17/21, 17/21-item Hamilton Depression Rating Scale; HAMD, Hamilton Scale for Depression; TRD, treatment-resistant depression; Y, yes; N, no.
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apies in medicine, does not
suffer from an efficacy/effec-
tiveness gap between clinical
trials and clinical treatments.
The lack of necessary TMS
maintenance protocols after
completing acute TMS treat-
ment with full remission may be
one of the reasons for the high
relapse rates in MDD patients
[24]. Therefore, maintenance
TMS therapy in line with sc-
heduled TMS frequency atten-
uation may effectively reduce
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TMS treatment Time (weeks)

WD K3 or prevent the relapse of MDD
in treatment-resistant MDD pa-
tients who had initially respond-
ed to acute TMS treatment.

Figure 1. A scientific regimen of maintenance TMS treatment for treatment-

resistant MDD patients who had initially responded to acute TMS treatment.
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In the first month of phase 1 (acute phase), all participants were treated

with TMS. During maintenance rTMS treatment (maintenance phase), the
regularity of rTMS sessions was gradually reduced as follows: three ses-
sions per week for two weeks, followed by two sessions per week for the
next two weeks, followed by one session per week for two months, followed
by one session every two weeks for eight months. Data in the figure was

collected from the reference [17].

[19]. For example, TMS treatment elevated pre-
frontal cortex y-aminobutyric acid in MDD
patients [20]. In addition, lwabuchi et al dem-
onstrated that the therapeutic effects of rTMS
may be modulated by the right anterior insu-
la through using targeted intermittent theta-
burst stimulation [21]. Similarly, acute rTMS of
the left DLPFC in healthy volunteers modulated
aspects of tryptophan/serotonin metabolism in
the limbic areas, including the left para-hippo-
campal gyrus, the right insula, the right cingu-
late gyrus, and the cuneus [22]. There is evi-
dence that IrTMS has the potential to alleviate
symptoms that may be related to functional
abnormalities in the frontocingulate circuit in
some patients with MDD [23]. Future studies
are warranted to explore the cellular and
molecular mechanisms of TMS on MDD.

Conclusion

The research on acute TMS treatment for treat-
ment-resistant MDD has influenced the devel-
opment of maintenance TMS treatment guide-
lines for depression, especially to help de-
crease or prevent relapse in treatment-resis-
tant MDD patients who had initially responded
to acute TMS treatment. TMS, unlike many ther-
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