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Abstract

Background: Depression relapse rates remain high after acute treatment; this study evaluates the efficacy of maintenance noninvasive
brain stimulation in preventing relapse and identifies optimal treatment parameters. Methods: This meta-analysis was conducted fol-
lowing PRISMA guidelines. We conducted a systematic search of PubMed, Embase, Web of Science, Cochrane Library, and PsycINFO
databases up to January 5, 2025. The primary outcome was relapse rate. Results: A total of nine randomized controlled trials with
837 participants were included, six studies used electroconvulsive therapy (ECT) and three studies used repetitive transcranial mag-
netic stimulation (rTMS). Our findings indicate that ECT combined with pharmacotherapy or rTMS alone demonstrated superiority
over pharmacotherapy alone in reducing the relapse of depression during 6, 9, 12-month maintenance treatment periods. Interest-
ingly, ECT alone did not show significant results. In terms of stimulation parameters, the ECT combined with pharmacotherapy group
mainly received right unilateral stimulation, while the ECT alone group had bitemporal stimulation. The stimulation frequency was
similar between the two groups. In contrast, the rTMS-alone group had significantly higher stimulation frequencies than the ECT
groups. We did not find any eligible studies on transcranial direct current stimulation, transcranial alternating current stimulation or
magnetic seizure therapy, but they also showed potential in the maintenance treatment of depression, which warrants further investi-
gation. Conclusions: ECT combined with pharmacotherapy, or rTMS alone, is more effective than pharmacotherapy alone in pre-
venting relapse of depression during 6 to 12 months of maintenance treatment. Future research should prioritize identifying the op-
timal treatment regimen and exploring the potential of combination therapies. The PROSPERO Registration: CRD42023490546,
https://www.crd.york.ac.uk/PROSPERO/view/CRD42023490546.

Keywords: depressive disorder; electroconvulsive therapy; repetitive transcranial magnetic stimulation; transcranial direct current stim-
ulation; relapse; maintenance treatment

Main Points and chronic course. After achieving remission with the ini-
tial treatment, approximately 50% of patients will experi-
ence a relapse, with the relapse rate increasing up to 80%
after multiple episodes [2]. Pharmacotherapy is often the
preferred treatment for depression; however, it may be as-
sociated with problems such as polypharmacy, adverse ef-
fects, or ineffectiveness, leading to treatment discontinua-
tion [3-5]. Consequently, there is an urgent need for new

therapeutic options.

(1) Electroconvulsive therapy (ECT) plus pharma-
cotherapy or repetitive transcranial magnetic stimulation
(rTMS) alone has shown significant efficacy.

(2) ECT alone did not show significant results.

(3) r'TMS increases response rates, whether used alone
or with pharmacotherapy.

1. Introduction Recently, noninvasive brain stimulation (NIBS) tech-

Global estimates indicate that over 350 million indi-
viduals are affected by depression, with projections sug-
gesting it will become the largest global burden of disease
by 2030 [1]. Depression is known for its high relapse rate

niques, including electroconvulsive therapy (ECT), repet-
itive transcranial magnetic stimulation (rTMS), transcra-
nial direct current stimulation (tDCS), transcranial alternat-
ing current stimulation (tACS) and magnetic seizure ther-
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apy (MST), have been increasingly used in the treatment
of depression, demonstrating efficacy in the acute phase
[6,7]. However, the maintenance of treatment effects re-
mains a challenge. Several studies indicate that mainte-
nance NIBS regimens have the potential to prolong the ef-
fectiveness of acute treatment and reduce the risk of re-
lapse in individuals with depressive disorders [8—12]. Elias
et al. (2018) [8] found that maintenance ECT combined
with pharmacotherapy was able to reduce depression re-
lapse rate 1 year after the acute phase. Matsuda et al. (2023)
[9] suggested that rTMS may reduce the risk of relapse in
treatment-resistant depression (TRD) patients six months
following acute treatment. Similarly, a separate study re-
ported that rTMS could sustain mood stability in depressed
patients for up to five months [10]. Additionally, Razza
et al. (2021) [11] observed that individuals with major
depressive episodes who received maintenance tDCS ex-
hibited greater improvements in depression scores. These
studies collectively highlight the benefits of maintenance
NIBS in depressed patients. However, to date, no studies
have directly compared the efficacy of different NIBS tech-
niques in the maintenance treatment of depression. There-
fore, our research aims to further integrate existing evidence
on NIBS maintenance treatment modalities and compare
the differences between several NIBS techniques.

2. Methods

This meta-analysis was conducted following the
PRISMA guidelines (Supplementary Table 1) [13]. The
review was registered with PROSPERO on December 16,
2023 under registration number CRD42023490546.

2.1 Search Strategies

Two authors independently searched articles pub-
lished from the inception of the databases to January 5,
2025, in PubMed (https://pubmed.ncbi.nlm.nih.gov/), Em-
base (https://www.embase.com/), Web of Science (https:
/I'www.webofscience.com/), PsycINFO (https:/psycnet.ap
a.org/databases/psycinfo), and the Cochrane Library (https:
//www.cochranelibrary.com/). The detailed search strate-
gies are presented in Supplementary Table 2.

2.2 Eligibility Criteria

Studies were included according to the following Pop-
ulation, Intervention, Comparison, Outcome and Study (PI-
COS) framework [14]: (1) Participants: Patients met the
diagnostic criteria for depression, including unipolar de-
pression and bipolar depression [15—17]. (2) Interventions:
Intervention involved one of the NIBS techniques (ECT,
rTMS, tDCS, tACS, or MST) for a duration of 3 months
or more. The duration of maintenance therapy for NIBS in
depression is not standardized. Studies have reported dura-
tions ranging from 3 months [10,11] to over 6 months [8,9].
Consequently, we consider NIBS treatment lasting more
than three months after acute treatment as maintenance ther-

apy. (3) Comparison: Comparisons between NIBS with or
without conventional treatment and other treatment meth-
ods. (4) Outcomes: Studies reporting relapse rate, response
rate, remission rate, all-cause discontinuation rate, or de-
pression scale scores. (5) Study design: Randomized con-
trolled trails (RCTs).

Exclusion Criteria

Studies were excluded if they (1) included patients
with a current diagnosis of schizophrenia or schizoaffec-
tive disorder; (2) had incomplete data in literature or failed
to report required outcome indicators; (3) had inaccessible
full texts; or (4) were animal studies, non-original research,
or duplicate publications.

2.3 Data Extraction

The data extraction was carried out independently by
two authors, and any disagreements were resolved through
discussions or consultations with other investigators. For
data that could not be obtained from the original studies, we
referred to previous meta-analyses to extract relevant data.
Where standard deviations were not available, they were
calculated from standard errors, confidence interval (CI),
t-values, or p-values. Additionally, attempts were made to
obtain the missing data from the authors by email. Data that
could not be obtained through these methods were excluded
from the final analysis.

The primary focus of the study was to determine the
relapse rate, while secondary outcomes encompassed re-
sponse rate, remission rate, all-cause discontinuation rate,
and depression scale scores. When available, data from
intention-to-treat participants were prioritized over per-
protocol participant data. Two studies had three arms: one
study provided data from the ECT + Cognitive Behavior
Therapy (CBT) group and the medication group [18], while
the other study provide data on rTMS alone and medication
therapy [19].

2.4 Risk of Bias Assessment

We employed the Cochrane tool and the modified
Jadad scale to assess bias in randomized trials [20,21]. The
Cochrane tool includes six items, and each domain is scored
as having a low, high, or unclear risk of bias at the study
level. The modified Jadad scale consists of four items, with
atotal score of 7. Studies rated 4 or higher are considered to
be of high quality. Disagreements between the two inves-
tigators were resolved through consensus, or consultation
with other investigators.

2.5 Assessment of the Quality of the Evidence

We used the GRADEpro GDT (Version 15, McMas-
ter University, Hamilton, ON, Canada) to assess the quality
of evidence for each outcome based on five aspects, ulti-
mately categorizing the evidence quality into four levels:
high, moderate, low, and very low [22]. The assessment
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Fig. 1. Flowchart of study selection.

was conducted by two independent authors, and any dis-
agreements that arose during the process were resolved by
a third authors.

2.6 Statistical Analysis

The statistical analysis for this study utilized
STATA/MP 17 software (StataCorp LLC, College Station,
TX, USA) and Review Manager 5.3 (The Cochrane Col-
laboration, London, UK). Standardized mean difference
(SMD) with 95% CI was used to express the continuous
data, while risk ratio (RR) with 95% CI was used to
calculate the categorical data. The Mantel-Haenszel x?
test and /2 statistic for heterogeneity were conducted, with
I?2 > 50% indicating the existence of heterogeneity. When
significant heterogeneity is present, we use subgroup
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analysis or meta-regression to explore the sources of het-
erogeneity. Additionally, we conducted sensitivity analysis
using the leave-one-out method to test the robustness of
the results. Due to the variability in intervention types
across studies (e.g., stimulation frequency, brain region
stimulated, NIBS technique, etc.), a common effect size
could not be assumed, leading to the use of a random
effects meta-analysis. Begg’s funnel plot and Egger’s test
were used to investigate publication bias.

3. Results
3.1 Selection of Studies

The search identified 5186 abstracts, with 143 studies
were considered for the full-text review (Fig. 1). After read-
ing the full texts, the non-RCTs that did not match the pur-
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pose of this study, lacked outcome data, had no follow-up,
or were repeated publications were excluded. Ultimately, 9
RCTs were included [18,19,23-29].

3.2 Study Characteristics

The characteristics of the RCTs included in the study
are shown in Table 1 (Ref. [18,19,23-29]). A total of nine
studies with 837 patients were included. Six studies used
ECT for maintenance treatment [18,23-26,29], while the
remaining three studies used rTMS [19,27,28]. No eligible
studies on tACS, tDCS and MST were found.

3.3 Quality Assessment of Included Studies

The Cochrane Collaboration’s tool for assessing risk
of bias was used to evaluate the nine included RCTs [18,19,
23-29], as shown in Supplementary Figs. 1,2. Six studies
reported random sequence generation by computer meth-
ods [18,19,23-26], but only two reported details about al-
location concealment [25,26]. A high risk of performance
bias was identified in five studies, as both participants and
assessors were unblinded [18,23-25,27]. Blinded outcome
assessment was reported in only three trials [19,23,24]. In-
complete outcome data, indicating a high risk of attrition
bias, were found in one study [26]. In terms of selective
reporting bias, six studies were determined to have a low
risk [19,23-27]; and three had an unclear risk [18,28,29].
According to the modified Jadad scale, 80% of the in-
cluded RCTs were rated as high quality [18,19,23-26,28]
(Supplementary Table 3).

3.4 GRADE Evidence Quality

Ultimately, the quality of evidence for each outcome
was rated as from very low to low. The GRADE of evidence
was showed in Supplementary Table 4.

3.5 Outcomes
3.5.1 Relapse Rate

Seven studies, including six utilizing ECT and one uti-
lizing rTMS, were included in the analysis of relapse rate
[18,19,23-26,29]. The control groups received pharma-
cotherapy. Data were collected at 6, 9 and 12 months of
maintenance treatment.

The relapse rate at 6 months was reported in six stud-
ies [18,19,23-26]. The meta-analysis, conducted using a
random-effects model, revealed that maintenance NIBS did
not significantly reduce the risk of depression relapse at 6
months (RR = 0.69, 95% CI: 0.45-1.04) (Fig. 2). The re-
sults of this sensitivity analysis revealed that when the study
by Kellner et al., 2006 [23] was excluded, the overall effect
became statistically significant (RR = 0.54, 95% CI: 0.39—
0.76) (Supplementary Fig. 3).

No publication bias was detected for any outcome, as
assessed by Begg’s funnel plot (Supplementary Fig. 4)
and Egger’s test. Subgroup analysis based on the type of
experimental group showed that ECT combined with phar-

macotherapy (RR = 0.64, 95% CI: 0.41-0.98) and rTMS
alone (RR =0.43, 95% CI: 0.25-0.73) significantly reduced
the relapse rate at 6 months, while ECT alone was inef-
fective (RR = 1.17, 95% CI: 0.79—1.75). Most studies in
the ECT combined with pharmacotherapy group used right
unilateral stimulation, while the ECT alone group received
bitemporal stimulation. The two groups showed minimal
differences in stimulation frequency.

Data were also extracted at the 9-month [19,29] and
12-month [19,25] time points of maintenance therapy. The
results indicated that ECT with pharmacotherapy or rTMS
alone demonstrated efficacy in reducing depression relapse
at both 9 months (RR = 0.50, 95% CI: 0.33-0.75) and 12
months (RR = 0.53, 95% CI: 0.38-0.76) as illustrated in
Fig. 3 and Fig. 4 respectively.

3.5.2 Response Rate

Response rate was reported in two studies [27,28].
One study compared the effectiveness of rTMS in combina-
tion with pharmacotherapy versus pharmacotherapy alone,
while the other study compared rTMS with an observational
group. Data extracted at 6 months of maintenance treatment
revealed a significant impact of rTMS with or without phar-
macotherapy on response rates (RR = 2.33, 95% CI: 1.11-
4.86) (Supplementary Fig. 5).

3.5.3 Remission Rate

Three studies examined remission rates following 6
months of maintenance treatment [23,27,28]. No signif-
icant difference between the NIBS with or without phar-
macotherapy and the control group (RR = 1.17, 95% CI:
0.72-1.90) (Supplementary Fig. 6). Subgroup analysis
for either ECT alone (RR = 0.99, 95% CI: 0.73—1.36) and
rTMS with or without pharmacotherapy (RR = 2.05, 95%
CI: 0.77-5.43) showed no statistically significant differ-
ences.

3.5.4 All-Cause Discontinuation Rate

All-cause discontinuation rate was reported in nine
studies, with data extracted at 6 months and 12 months
of maintenance treatment [18,19,23-29]. Meta-analysis
did not find significant differences compared to the con-
trol group at either 6 months (RR = 0.78, 95% CI: 0.59—
1.04) or 12 months (RR = 1.03, 95% CI: 0.52-2.05)
(Supplementary Figs. 7,8).

3.5.5 Depression Scale Score

Two studies, all using rTMS with or without pharma-
cotherapy, reported depression scores [27,28]. Due to the
use of different scale in original studies, SMD were used
to pool effect sizes and increase comparability. Depres-
sion scores extracted at 6 months showed that rTMS with or
without pharmacotherapy did not significantly reduce the
patients’ depression scores (RR = —-0.26, 95% CI: —0.75—
0.23) (Supplementary Fig. 9).

&% IMR Press


https://www.imrpress.com

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 ECT and Pharmacotherapy

Brakemeier 2014 8 25 7 18 15.0% 0.82[0.36, 1.86] - "

Kellner 2016 8 61 12 59 14.9% 0.64 [0.28, 1.46] -

Navarro 2008 1 16 2 17 3.0% 0.53[0.05, 5.31]

Nordenskjold 2013 8 28 15 28 18.2% 0.53[0.27, 1.05] ]

Subtotal (95% CI) 130 122 51.2% 0.64 [0.41, 0.98] 4

Total events 25 36

Heterogeneity: Tau? = 0.00; Chi* = 0.67, df =3 (P = 0.88); I = 0%
Test for overall effect: Z = 2.06 (P = 0.04)

1.2.2 ECT

Kellner 2006 33 89 30 95 26.7% 1.17 [0.79, 1.75] ;
Subtotal (95% CI) 89 95 26.7% 1.17 [0.79, 1.75]

Total events 33 30

Heterogeneity: Not applicable
Test for overall effect: Z = 0.78 (P = 0.43)

1.2.3 rTMS

Wang 2017 14 91 39 108 22.1% 0.43[0.25, 0.73] -
Subtotal (95% CI) 91 108 22.1% 0.43 [0.25, 0.73] ‘
Total events 14 39

Heterogeneity: Not applicable
Test for overall effect: Z = 3.08 (P = 0.002)

Total (95% CI) 310 325 100.0% 0.69 [0.45, 1.04] o
Total events 72 105

Heterogeneity: Tau? = 0.13; Chi? = 10.32, df = 5 (P = 0.07); I> = 52%
Test for overall effect: Z = 1.77 (P = 0.08)

Test for subgroup differences: Chi? = 9.53, df = 2 (P = 0.009), I2 = 79.0%

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Fig. 2. Effect of maintenance NIBS with or without pharmacotherapy on relapse rate at 6 months. Note: ECT, Electroconvulsive

therapy; rTMS, repetitive Transcranial magnetic stimulation; NIBS, noninvasive brain stimulation.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Martinez-Amoros 2021 6 17 11 18 29.4% 0.58 [0.28, 1.21] &
Wang 2017 17 85 46 108 70.6% 0.47[0.29, 0.76] -
Total (95% CI) 102 126 100.0% 0.50 [0.33, 0.75] <>
Total events 23 57 .

Heterogeneity: Tau? = 0.00; Chi2=0.22, df =1 (P = 0.64); I?=0%

Test for overall effect: Z = 3.39 (P = 0.0007) 0.01 0.1 ! 10 100

Favours [experimental] Favours [control]

Fig. 3. Effect of maintenance NIBS with or without pharmacotherapy on relapse rate at 9 months.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Nordenskjold 2013 9 29 17 28 31.6% 0.51[0.28, 0.95] — &
Wang 2017 22 91 48 108 68.4% 0.54 [0.36, 0.83] i
Total (95% CI) 120 136 100.0% 0.53 [0.38, 0.76] 4
Total events 31 65 . .

Heterogeneity: Tau? = 0.00; Chi? = 0.03, df =1 (P = 0.87); I?= 0%

Test for overall effect: Z = 3.54 (P = 0.0004) 0.01 01 1 10 100

Favours [experimental] Favours [control]

Fig. 4. Effect of maintenance NIBS with or without pharmacotherapy on relapse rate at 12 months.
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Table 1. Basic characteristics of included studies.

Author (year) Groups Mean age Diagnosis Acute phase Criteria for main- Maintenance NIBS characteris- Duration
tenance therapy tics
Martinez-Amords et al., 2021 ECT + Pharmacotherapy (n=19) 69 vs 67 Unipolar MDD ECT Remission BT: weekly for 1 month, biweekly 9 months
[29] vs Pharmacotherapy (n = 18) for 2 months, then monthly for 6
months (14 sessions).
Kellner et al., 2016 [26] ECT + venlafaxine + lithium (n= 70.8 vs 70.3 Unipolar MDD RUL-UB ECT Remission RUL-UB: 4 ECT treatments in 6 months
61) vs venlafaxine + lithium (n = 1 month, then flexible treatments
59) determined by STABLE algo-
rithm.
Brakemeier et al., 2014 [18] ECT + CBT + Pharmacotherapy  59.0 vs 62.4 vs 62.6  Unipolar MDD RUL-UB ECT Response RUL-UB: weekly for 1 month, 6 months
(n = 25) vs Pharmacotherapy (n biweekly for 2 months, then
= 18) vs CBT + Pharmacotherapy monthly for 3 months (11 ses-
(n=17) sions).
Nordenskjold et al., 2013  ECT + venlafaxine + lithium (n= 52 vs 62 Unipolar/bipolar MDD  ECT Response RUL-UB: weekly for 6 weeks, 12 months
[25] 28) vs venlafaxine + lithium (n = biweekly for 46 weeks (29 ses-
28) sions).
Navarro et al., 2008 [24] ECT + nortriptyline (n = 16) vs ~ 70.38 vs 70.65 Unipolar MDD ECT + nortriptyline  Remission BT: weekly for 1 month, then bi- 2 years
nortriptyline (n = 17) weekly, finally monthly.
Kellner et al., 2006 [23] ECT (n = 89) vs lithium + nor-  59.6 vs 55.0 Unipolar MDD ECT Remission BT: weekly for 1 month, biweekly 6 months
triptyline (n = 95) for 2 months, then monthly for 2
months (10 sessions).
Benadhira et al., 2017 [28] rTMS + Pharmacotherapy (10) vs ~ 51.8 vs 58.1 Unipolar/bipolar TRD  rTMS Response Left DLPFC, 10 Hz, MT 110%: 11 months
Pharmacotherapy (7) 3 sessions/week for 2 weeks,
2 sessions/week for 2 weeks,
weekly for 2 months, biweekly
for 8 months (34 sessions, 68,000
pulses).
Wang et al., 2017 [19] Clustered rTMS (n=91) vs Phar-  42.3 vs 40.0 vs 40.9  Unipolar/bipolar TRD  antidepressants Partial or full re- Left DLPFC, 10 Hz, RMT 120% 12 months
macotherapy (n = 108) vs Clus- mission withacute  or 80%: 10 sessions over a 5-day
tered rTMS + Pharmacotherapy antidepressants period for 3 months and 5 sessions
(n=282) over a 3-day period for 9 months
(34 sessions, 86,250 pulses).
Philip et al., 2016 [27] rTMS (n = 23) vs Observation (n ~ 48.2 vs 49.0 Unipolar TRD rTMS Response  with  Left DLPFC, MT 120%: 1 ses- 12 months
=26) acute rTMS sion/four weeks for 12 months (12

sessions, 36,000 pulses).

Ss3id NI

Note: ECT, Electroconvulsive therapy; MDD, Major Depressive Disorder; BT, Bitemporal; RUL-UB, Right unilateral ultrabrief pulse; CBT, Cognitive Behavioral Therapy; rTMS, repeated Transcranial magnetic
stimulation; DLPFC, Dorsolateral Prefrontal Cortex; MT, Motor threshold; RMT, Rest motor threshold; TRD, Treatment-Resistant Depression.
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3.5.6 Adverse Effect

Two studies utilizing ECT reported Minimum Men-
tal State Examination (MMSE) scores at 6 months [23,25].
The meta-analysis revealed no statistically significant dif-
ferences in MMSE scores between ECT (with or with-
out pharmacotherapy) and pharmacotherapy alone (RR =
—0.80, 95% CI: -3.55-1.95) (Supplementary Fig. 10).
Other studies involving ECT, though not reporting specific
scores, also confirmed no significant differences in MMSE
scores between groups. Studies using rTMS reported mild
and transient side effects, such as headache and sweating.

4. Discussion

This meta-analysis aims to clarify the long-term effi-
cacy of maintenance non-invasive brain stimulation in pre-
venting relapse of depression and its standardized clinical
application. Our analysis of 9 studies involving 837 par-
ticipants revealed that combining ECT with pharmacother-
apy or using rTMS alone was more effective in decreasing
depression relapse during the 6, 9, and 12-month mainte-
nance treatment periods. In contrast, the utilization of main-
tenance ECT in isolation was ineffective, which is consis-
tent with previous investigations on ECT efficacy [8]. No-
tably, rTMS with or without pharmacotherapy was asso-
ciated with increase response rates at 6 months of main-
tenance treatment. However, maintenance NIBS with or
without pharmacotherapy did not significantly enhance re-
mission rates at 6 months. No statistically significant dif-
ferences were found in the all-cause discontinuation rate
between the experimental and control groups at either 6-
or 12- month follow-up assessments. Finally, maintenance
rTMS with or without pharmacotherapy did not effectively
improve depression scores at 6 months.

Meta-analysis findings indicate that the combination
of maintenance ECT with pharmacotherapy proves more
effective in preventing relapse. This enhanced efficacy
may be attributed to synergistic multi-target mechanisms:
both interventions modulate gamma-aminobutyric acid and
glutamatergic transmission and regulate the hypothalamic-
pituitary-adrenal axis [30-32]. Additionally, they exhibit
similarities in enhancing synaptic plasticity. ECT modu-
lates intracellular signaling pathways, enhancing the signal-
ing of brain-derived neurotrophic factor. Similarly, antide-
pressants can bind to neurotransmitter receptors, such as
tyrosine kinase receptor 2, to enhance brain-derived neu-
rotrophic factor signaling, which in turn facilitates synap-
tic plasticity [30,33]. Furthermore, these therapies may
influence monoaminergic systems by regulating serotonin
and norepinephrine activity, thereby improving depressive
symptoms [34,35]. Notably, antidepressants can lower
seizure thresholds (ST), leading to more effective seizures,
which provides new insights into how adjunctive antide-
pressants can enhance the therapeutic effects of ECT. How-
ever, different antidepressants have differing effects on the
ST [36,37]. This reminds us that while considering the syn-
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ergistic effects of ECT and antidepressants in reducing the
relapse of depression, we should also carefully select ad-
junctive medications for ECT to optimize treatment out-
comes. In addition, various ECT parameters (such as treat-
ment intervals, electrode placement, etc.) can affect the
ECT treatment outcomes. Therefore, optimizing these vari-
ables when using ECT alone may result in better outcomes.
Studies have shown that treatment intervals longer than 2
months can lead to a decrease in effectiveness [8]. In this
meta-analysis, which included six studies on maintenance
ECT, the majority gradually reduced the frequency of treat-
ment within 6 months, with the longest interval being 1
month [18,23,24,29]. When using maintenance ECT alone,
shortening stimulation frequency or adopting a more flexi-
ble and personalized scheme may be crucial in preventing
relapse. Electrode placement is another crucial component
of ECT administration. In this meta-analysis, three stud-
ies placed electrodes in the bitemporal (BT) while the other
three used right unilateral [18,25,26]. During acute treat-
ment processes, right unilateral ultrabrief pulse (RUL-UB)
ECT demonstrates fewer cognitive side effects compared to
BT, and high-dose efficacy (six times ST) is equivalent to
BT [6,38]. Another meta-analysis demonstrated that RUL-
UB ECT combined with pharmacotherapy proves effective
in maintenance treatment [8]. Consistent with previous
studies, the RCTs included in this paper did not demonstrate
long-term cognitive adverse effects related to maintenance
ECT [39]. However, it is possible that the average age of
the patients in this study was older, and their cognitive func-
tioning was lower at baseline. We should examine cognitive
performance among younger individuals. Furthermore, the
lack of specificity and sensitivity of traditional assessment
tools appears to be a major reason for the ongoing debate
about long-term cognitive impairment caused by ECT. The
majority of RCTs examined in this study relied on the Min-
imum Mental State Examination for evaluating cognitive
performance, which may have limitations [40].

Our study provided evidence that maintenance rTMS
reduces depression relapse rates and enhances response
rates. Three studies on maintenance rTMS were included
[19,27,28], of which two studies [27,28] used standard
rTMS, and one employed clustered rTMS [19]. Among the
studies that used standard rTMS, a 12-month study found
no benefit from monthly rTMS alone compared with con-
trol group [27]. However, another study showed that rTMS
and pharmacotherapy combined yielded better results, but
this antidepressant effect disappeared when the frequency
of stimulation was reduced to fortnightly [28]. These find-
ings suggest that combination therapy or a higher frequency
of stimulation may be more effective. A study using clus-
tered rTMS (monthly sessions of 5-10 sessions over 3-5
days) demonstrated that rTMS, as either monotherapy or
combination therapy, prevents relapse of depression as well
as improves treatment adherence [19]. This suggests clus-
tered TMS may be more effective for treating depression
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in the long run. Additionally, studies have reported the use
of deep transcranial magnetic stimulation (dTMS) in main-
tenance therapy [41]. dTMS is a new type of rTMS that
differs from standard rTMS in that customized coils have
a greater effective depth of stimulation [42]. An included
study combined dTMS with pharmacotherapy (fortnightly
for 4 weeks followed by weekly for 8weeks) and found that
its effect on state of mind persisted over 12 months [41].
It is necessary to evaluate the effects of different mainte-
nance rTMS techniques and determine the optimal treat-
ment regimen in the future. Generally, rTMS maintenance
treatment begins after a response or remission to acute treat-
ment [8,43]. However, it is worth noting that two stud-
ies did not adhere to this recommendation yet still reported
positive outcomes [19,41]. Recent research has indicated
that a significant proportion of patients may not respond
immediately to acute rTMS protocols, but may instead ex-
hibit a delayed response. Even individuals who do not
initially benefit from standard rTMS treatments may still
experience symptom relief with extended treatment regi-
mens. There is a strong correlation between the number
of courses administered and the level of symptom relief
[44,45]. Another research has classified patients into per-
sistent responders, non-responders, slow responders, and
rapid responders, with only those classified as persistent
responders demonstrating notable enhancement following
extended rTMS therapy [46]. Future investigations should
prioritize the identification of optimal candidates for ongo-
ing maintenance treatment. Additionally, it is imperative to
investigate the potential of utilizing rTMS as a maintenance
treatment for patients who received pharmacotherapy dur-
ing the acute phase.

Our meta-analysis did not find any eligible studies on
tDCS, tACS and MST, but these techniques show great
potential in the treatment of depression. Compared to
other neuromodulation methods, tDCS is relatively cost-
effective, portable, safe, and easy to use. Previous study
has found that patients showed prolonged remission when
receiving tDCS as maintenance therapy [11]. There are cur-
rently no standardized treatment parameters for tDCS in
the maintenance treatment of depression. The anodal tar-
get site for stimulation is primarily the left dorsolateral pre-
frontal cortex. An electric current intensity of 2 mA is al-
most universally used, with electrode sizes ranging from 25
to 35 cm?, and the duration typically lasting 20 to 30 min-
utes [11]. Most studies applied maintenance tDCS once a
week, which is more frequent than ECT and rTMS, with
few maintenance treatments lasting longer than 6 months
[11]. Increasing the number of treatments may affect ad-
herence, making home-based tDCS a good option [47]. It
has been shown that tDCS can be used at home to maintain
depression treatment [48,49]. Thus, home-based tDCS of-
fers a promising alternative for long-term research on the ef-
fects of tDCS on depression. Additionally, high-definition
tDCS (HD-tDCS), as a technical advancement over conven-

tional tDCS, can precisely enhance the functionality of tar-
geted brain regions. While the therapeutic effect of a single
session of conventional tDCS lasts approximately 2 hours,
HD-tDCS can extend this duration up to 6 hours. This
improved approach may reduce the required frequency of
maintenance sessions while enhancing patient compliance
[50]. Some studies have indicated that tDCS can improve
cognitive function [51,52]. It also has the potential to ame-
liorate the decrease in prefrontal cerebral blood flow and
metabolism induced by ECT [53]. Thus, tDCS maintenance
may have great significance in preventing the relapse of de-
pression and promoting cognitive functioning after acute
ECT [54]. Future experimental studies are necessary to an-
swer this question.

tACS uses sinusoidal waves to modulate abnormal
brain oscillations. A meta-analysis comprising four RCTs
has shown that tACS is superior to sham tACS in improv-
ing depressive symptoms. Three studies used 15 mA at 77.5
Hz for 20 days with positive results, while one study using
1-2 mA at 10/40 Hz for 5 days reported negative results.
Current intensity and treatment duration may affect depres-
sion treatment efficacy [7]. Recent study has found that
high-intensity tACS can act on the entire brain and stim-
ulate deep brain nuclei. This therapeutic method is effec-
tive, has fewer side effects, and its effects can last at least
8 weeks after treatment [55]. A case report showed that a
patient who responded well to acute treatment achieved re-
mission after 12 weeks of weekly 1-2 mA tACS treatment,
which confirms that extending treatment duration can im-
prove patient outcomes [56]. Therefore, combining high-
intensity tACS with maintenance therapy may help prevent
depression relapse over a period of time, a hypothesis that
warrants further research.

MST employs magnetic fields to induce a generalized
seizure, offering potential advantages over ECT in terms of
maintaining robust antidepressant efficacy and reducing ad-
verse effects [57]. Due to concerns about cognitive safety,
the frequency of seizure therapy is currently limited to 2 or
3 times per week, but MST’s enhanced focality and lower
stimulation intensity may allow for more frequent sessions.
One study found that approximately 60% of participants ex-
perienced sustained improvements in depressive symptoms
without adverse cognitive effects. Future studies compar-
ing continuation MST to ECT are essential [12].

Still, there are a few limitations in this study. First,
the study examined the effect of NIBS in maintaining de-
pression, but only included studies using ECT and rTMS.
Specifically, this review included only one study on rTMS
for reducing depression relapse during maintenance treat-
ment. Thus, more research is needed to confirm this effect.
Second, the significant heterogeneity of the study protocols
makes it difficult to determine which factors most influence
the effectiveness of maintenance therapy. Finally, most of
the RCTs included in this meta-analysis have small sam-
ple sizes and are low-quality. In five studies, the lack of
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blinding for participants and assessors increases the risk of
performance bias. This could have inflated the effect sizes,
magnifying placebo effects or assessment biases. There-
fore, we should interpret the results with caution.

5. Conclusions

In our study, ECT combined with pharmacotherapy or
rTMS alone was more effective in reducing relapse at 6, 9
and 12 months of maintenance treatment. Future validation
in larger, high-quality RCTs and a comparison of the ad-
vantages and disadvantages between different NIBS. Fur-
thermore, we propose several avenues for future research.
Firstly, to identify which pharmacotherapy can enhance the
effectiveness of maintenance NIBS. Secondly, the determi-
nation of the optimal treatment regimen for maintenance
NIBS. Additionally, the investigation of reliable biomark-
ers for identifying the ideal population for maintenance
therapy. Finally, we should explore the combination of dif-
ferent treatment regimen to increase efficacy while reduc-
ing side effects.
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