Received: 13 October 2020

Revised: 13 February 2021

Accepted: 17 March 2021

DOI: 10.1002/brb3.2144

REVIEW

Brain and Behavi
rain and Behavior W] LEY

Can seizure therapies and noninvasive brain stimulations
prevent suicidality? A systematic review

Yiming Chen! | Charline Magnin? | Jérome Brunelin® | Edouard Leaune® |

Yiru Fang'*>

'Shanghai Mental Health Center, Shanghai
Jiao Tong University School of Medicine,
Shanghai, China

2Department of Emergency Psychiatry,
Edouard Herriot Hospital, Hospices Civils de
Lyon, Lyon, France

3INSERM U1028, CNRS UMR5292, Lyon
Neuroscience Research Center, PSYR2
Team, University of Lyon, CH Le Vinatier,
Lyon, France

4CAS Center for Excellence in Brain Science
and Intelligence Technology, Shanghai, China

5Shanghai Key Laboratory of Psychotic
disorders, Shanghai, China

Correspondence

Yiru Fang, Shanghai Mental Health Center,
Shanghai Jiao Tong University School of
Medicine, Shanghai 200030, China.

Email: yirufang@aliyun.com

Funding information

National Basic Research Development
Program of China, Grant/Award Number:
2016YFC1307100; Shanghai Mental Health
Centre Clinical Research Center Special
Project for Big Data Analysis, Grant/Award
Number: CRC2018DSJ01-1; Sanming Project
of Medicine in Shenzhen City, Grant/Award
Number: SZSM201612006; National Natural
Science Foundation of China, Grant/Award
Number: 91232719 and 81771465; National
Key Clinical Disciplines at Shanghai Mental
Health Centre, Grant/Award Number: OMA-
MH and 2011-873

| Emmanuel Poule

t2,3

Abstract

Background: Suicide is a major public health issue and the majority of those who at-
tempt suicide suffer from mental disorders. Beyond psychopharmacotherapy, seizure
therapies and noninvasive brain stimulation interventions have been used to treat
such patients. However, the effect of these nonpharmacological treatments on the
suicidal ideation and incidence of suicidality remains unclear. Here, we aimed to pro-
vide an update on the effects of seizure therapies and noninvasive brain stimulation
on suicidality.

Methods: We conducted a systematic review of the literature in the PubMed,
EMBASE, Cochrane Central Register of Controlled Trials, Elsevier ScienceDirect, and
Wiley Online Library databases using the MeSH terms “Electroconvulsive Therapy”,
“Magnetic Seizure Stimulation”, “repetitive Transcranial Magnetic Stimulation”, “tran-
scranial Direct Current Stimulation”, “Cranial Electrostimulation” and “suicide”. We
included studies using seizure therapies and noninvasive brain stimulation as a main
intervention that evaluated suicidality, regardless of diagnosis.

Results: Among 1,019 records screened, 26 studies met the inclusion criteria using
either electroconvulsive therapy (n = 14), magnetic seizure therapy (n = 2), repetitive
transcranial magnetic stimulation (n = 9), or transcranial direct current stimulation
(n = 1). We observed that studies reported significant results, suggesting these tech-
niques can be effective on the suicidal dimension of mental health pathologies, but a
general statement regarding their efficacy is premature due to limitations.
Conclusions: Future enquiry is necessary to address methodological limitations and
evaluate the long-term efficacy of these methods both alone and in combination with

pharmacotherapy and/or psychotherapy.
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1 | INTRODUCTION

According to the World Health Organization, suicide leads to approxi-
mately 800,000 deaths every year (WHO, 2019). The worldwide num-
ber of suicide attempts is even higher with a rate of 16 per 100,000
individuals, and based on data provided by the European Psychiatric
Association, the rates of attempted suicides rate among males and fe-
males were 18 and 11 per 100,000, respectively (Plans et al., 2018).
Every suicide is a tragedy for their families, communities, and entire
countries for a long period. Suicides may occur throughout the lifespan
and were the second leading cause of death among 15- to 29-year-olds
in 2016. Suicide not only occurs in high-income countries, but it is
also a global phenomenon in all regions of the world, with over 79%
of the completed suicides occurring in low- and middle-income coun-
tries (WHO, 2019). Mental disorders, especially depression, are fre-
quently found in the psychological reports of suicides in Asian as well
as Western countries (Cheng et al., 2000; Phillips et al., 2002).

Given the high suicide risk of patients diagnosed with mental
ilinesses, it is important to track whether specific treatment strate-
gies have the potential to rapidly and effectively reduce suicide risk.
The common treatment approaches—such as pharmacotherapy and
psychotherapy—have over years emerged as essential interventions
reducing suicidality. However, lithium and ketamine, while effective,
have various limitations such as drowsiness, dizziness, poor coordi-
nation, toxicity, and risk for dependency (Andrade, 2017; Zalsman
et al., 2016). Regarding psychotherapy, a recent meta-analysis con-
cluded that dialectical behavior therapy reduced self-directed vio-
lence and resulted in less psychiatric crisis interventions; however,
it did not reduce suicidal ideation (DeCou et al., 2018). Therefore,
to decrease suicidal ideation and prevent suicide attempts other al-
ternative or adjunct methods are warranted. Among them, seizure
therapies and noninvasive brain stimulation methods have been pro-
posed as possible interventional tools.

Seizure therapies such as electroconvulsive therapy (ECT), mag-
netic seizure therapy (MST), and noninvasive brain stimulation (NIBS)
methods such as repetitive transcranial magnetic stimulation (rTMS),
transcranial direct current stimulation (tDCS), and cranial electrostim-
ulation (CES) are under investigation (Desmyter et al., 2011). They may
alleviate symptoms in several psychiatric conditions depending on the
targeted psychiatric condition and application (Lefaucheur et al., 2014,
2017; Milev et al., 2016; Rosa & Lisanby, 2011; UK ECT Review
Group, 2003). However, their efficacy on suicidality is still unclear. The
aim of the present systematic review was to evaluate the effects of
these applications on suicidality, that is, suicidal ideation, suicide at-

tempt, and/or completed suicide.

2 | METHODS
2.1 | Search strategy and selection criteria

We performed a systematic review of the literature according
to PRISMA guidelines (Liberati et al., 2009) including full-length

original articles published in English and peer-reviewed journals until
1 June 2019. This systematic literature search was conducted in the
PubMed, Cochrane Central Register of Controlled Trials, Elsevier
ScienceDirect, and Wiley Online Library (STM) databases using a
term list including words relative to ECT, MST, rTMS, tDCS, CES, and
suicidality. We used words with combination of thesaurus [MeSH
Terms] related to medical subject heading description, and [Other
Term] related to keywords used in studies: (1) “Electroconvulsive
Therapy” AND “suicide”; (2) “Magnetic seizure stimulation” AND “su-
icide”; (3) “repetitive Transcranial Magnetic Stimulation” AND “sui-
cide”; (4) “Transcranial Direct Current Stimulation” AND “suicide”; (5)
“Cranial Electrostimulation” AND “suicide”.

Two independent investigators (YC and CM) screened the results
according to the eligibility criteria, first on titles and abstracts and then
on full-text articles. Eligibility criteria were as follows: (1) interventions
designed for patients with a mental health disorder with available sui-
cidality assessment as a main or secondary outcome; (2) seizure thera-
pies (ECT and/or MST) and/or NIBS methods (rTMS and/or tDCS and/
or CES) specified as the main interventions in acute or continuative
phase; and (3) quality of the design corresponding to level 1, 2, or 3 on
the Sackett scale. Duplicate articles and double search results were

identified and removed throughout the search process.

2.2 | Data extraction and study quality assessment

Methods and results were extracted for each included article. We paid
special attention to participant characteristics (sample size, diagnosis,
treatment), study design, statistical analysis, and reported findings (im-
mediately after treatment and long-term); next, we analyzed similari-
ties and differences between articles with the aim of verifying which
parameters were effective and for which mental disease.

Each study design was evaluated according to the modified Sackett
Scale which is based on physiotherapy evidence database (PEDro)
scores for its level of evidence grade. The Sackett Scale involves 5 lev-
els of evidence: level 1—high-quality randomized controlled trial (RCTs)
(PEDro 26), divided into level 1a and 1b, based on the number of RCTs
supporting the evidence; level 2—RCTs (PEDro score <6), cohort stud-
ies, and prospective controlled trials; level 3—case controls such as ret-
rospective studies comparing conditions; levels 4 and 5—case reports,
case series, uncontrolled pre-post-tests, and observational studies.

In addition, we referred to the grading of recommendations, as-
sessment, development, and evaluations (GRADE) method to rate
the quality of evidence. GRADE presents four grades as levels of
evidence: high, moderate, low, and very low, considering different
factors such as bias related to imprecision, inconsistency, publica-
tion, and indirectness of the study (Guyatt et al., 2011).

3 | RESULTS

The literature search retrieved 1,019 articles. After duplicates and

double search results were removed and titles and abstracts were
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assessed, 58 articles were selected for further evaluation. Among
them, 26 studies met all inclusion criteria following full-text evalu-
ation and were systematically analyzed. Due to the search results,
George et al. (2014) included suicidal patients with mild traumatic
brain injury was also accepted in our review. Berlim et al. (2014),
Desmyter et al. (2016), and Hadley et al. (2011), were accepted as
additional record identified through other sources by reading refer-
ences of Weissman et al. (2018). Figure 1 shows the results of the

search and selection process.
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3.1 | Characteristics of studies

Fourteen ECT studies, two MST studies, nine rTMS studies, and
one tDCS study were included in the present review. Among them,
one nonblinded randomized trial involved therapeutic applications
of both ECT and rTMS (Keshtkar et al., 2011) for major depressive
disorder (MDD). There were other two nonblinded randomized tri-
als which applied ECT for MDD (Kellner et al., 2005; Nordenskjold

et al.,, 2013), three prospective controlled studies for bipolar

tDCS; 0 for CES
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FIGURE 1 Flow diagram of study selection and inclusion—clean version
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disorder (Ciapparelli et al., 2001), for depressed elderly individu-
als (Veltman et al., 2018), and for depressive symptoms (Avery &
Winokur, 1978). Eight retrospective studies of ECT for different
kinds of mental illnesses were included (Ahmadi et al., 2015; Black
et al., 1989; Bradvik & Berglund, 2006; Hunt et al., 2011; Liang
et al., 2017; Munk-Olsen et al., 2007; Patel et al., 2006; Popiolek
et al., 2018). Two prospective MST studies (Sun et al., 2016, 2018)
were designed for patients with treatment-resistant depression
(TRD). Five RCTs (Baeken et al., 2019; Desmyter et al., 2014, 2016;
George et al., 2014; Weissman et al., 2018) and two prospective
studies, Berlim et al. (2014) and Hadley et al. (2011) and using rTMS
and deep transcranial magnetic stimulation (dTMS), respectively,
and other two prospective studies (Croarkin et al., 2018; Wall
et al., 2011) designed specifically for adolescents with suicidal idea-
tion, were included. Only one RCT using tDCS was designed for pa-
tients with acute depressive episodes (Brunoni, Janior, et al., 2013;
Brunoni, Valiengo, et al., 2013).

The methodological quality of the six RCTs was high, five with
a Sackett Scale level 1a (Baeken et al., 2019; Brunoni, Junior,
et al., 2013; Brunoni, Valiengo, et al., 2013; Desmyter et al., 2014,
2016; George et al., 2014), and the other one was rated as 1b
(Weissman et al., 2018). However, Weissman et al. (2018) pooled
data from two other published RCTs (Blumberger et al., 2011,
2016) which were all designed to compare the depressive remis-
sion rate by rTMS in patients with TRD and were guided by their
own research team to measure suicidal ideations. Five ECT studies
(Avery & Winokur, 1978; Ciapparelli et al., 2001; Kellner et al., 2005;
Nordenskjéld et al., 2013; Veltman et al., 2018), two MST studies
(Sun et al.,, 2016, 2018), and three rTMS studies (Berlim et al., 2014;
Hadley et al., 2011; Wall et al., 2011) rated level 2 were designed
as nonblinded randomized trials or prospective studies. The eight
remaining ECT researches (Ahmadi et al., 2015; Black et al., 1989;
Bradvik & Berglund, 2006; Hunt et al., 2011; Liang et al., 2017;
Munk-Olsen et al., 2007; Patel et al., 2006; Popiolek et al., 2018)
were all rated level 3. Overall, the level of evidence can be generally
considered low, with only six studies out of twenty-six having an ev-
idence level of 1.

3.2 | Participant characteristics

This review included twenty-six studies involving 3, 589 patients
diagnosed with different mental disorders: affective disorders (uni-
polar depression, bipolar disorder, or anxiety disorders) (n < 3, 710),
post-traumatic stress disorder (PTSD) (n = 92), personality disorders
(n = 2), mix mania (n = 41), schizophrenia (n = 50), schizoaffective
disorders (n > 60), and other nonaffective psychosis (n = 9) or other
disorders (n = 48) referred to suicide. As for Avery & Winokur (1978)
did not provide a clear description of participant diagnosis, we could
not accurately calculate the sample of affective disorders and schiz-
oaffective disorders. Heterogeneity was present among the partici-

pant demographics (Table 1).

3.3 | Intervention
3.3.1 | Diagnostic tools

All the studies but two studies (Hadley et al., 2011; Hunt et al., 2011)
used a diagnostic tool to select participants at baseline such as
the Diagnostic and Statistical Manual of Mental Disorders (DSM)
(n = 14), the International Statistical Classification of Diseases
and Related Health Problems (ICD) (n = 4), the Mini International
Neuropsychiatric Interview (MINI) (n = 7), or Antidepressant
Treatment History Form (ATHF) (n = 3). Only twelve studies pro-

vided clear exclusion criteria at baseline.

3.3.2 | Stimulation protocol

Only half of the ECT studies described the treatment parameters.
The parameters included features such as current, duration, fre-
quency, and pulse width. Keshtkar et al. (2011) and Ciapparelli
et al. (2001) used the MECTA Corporation model device (MECTA
Corp, Lake Oswego, Ore) while Veltman et al., 2018), Ahmadi
et al. (2015), and Patel et al. (2006) applied the Thymatron System
IV (Somatics, Inc, Lake Bluff, Ill). Nordenskjéld et al. (2013) used the
both. The only relevant variation concerning the frequency of ses-
sions ranged between 1 session per month and 3 sessions per week.
Technical characteristics of ECT are presented in Table 2.

MST intervention of these two studies was delivered with a
MagPro MST machine (MagVenture) and a twin coil symmetrically
placed over the frontal cortex with the maximal electric field over
the Fz electrode position according to the international 10-20 sys-
tem (DaSilva et al., 2011). Details are provided in Table 3.

Intensity (expressed as % of the resting motor threshold
(RMT)), frequency of stimulation, frequency of sessions, train
duration and intertrain intervals, type of coil, and coil location
are important parameters that influence the effects of rTMS.
A large variability of these parameters was observed between
studies, while a large majority of studies used high-frequency
(10 Hz) rTMS with a figure 8 coil over the left dorsolateral pre-
frontal cortex (DLPFC). Desmyter et al. (2016) and Desmyter
et al. (2014) used accelerated intermittent theta burst stimula-
tion (iTBS), while Baeken et al. (2019) used placebo-accelerated
iTBS. Blumberger et al. (2016) used bilateral stimulation (high-
frequency rTMS over the left DLPFC, low-frequency rTMS - 1Hz
over the right DLPFC), and Berlim et al. (2014) used deep TMS at
20Hz delivered with a “H1” coil over the left DLPFC. Intensity of
stimulation varied across studies from 100% to 120% RMT. The
total number of sessions varied from 7 to 30, while the frequency
of sessions was 5 sessions per week at the lowest and 5 sessions
per day at the highest. Details of rTMS parameters are provided
in Table 4.

As outlined in Table 5, the only available tDCS study used a
current density of 0.8 A/m? (2 mA/25 cm?) per 30 min/d using
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CHEN ET AL.

TABLE 3 Summary of MST study characteristics

Evidence

Primary

Frequency of
treatment

Number of

sessions

Stimulus dose

(PEDro)

Results/Authors' conclusions

Outcome

Analysis

administration

Study design

Study

Level 2

Pre-post-treatment mean

HDRS-24, SSI,

Baseline, after 24

sessions

24 sessions

MagPro MST

A prospective

Sun et al. (2016)

difference of SSlis 4.8 + 6.7.

ATHF
HDRS-24, SSI,

controlled study

Level 2

44.4% of patients experienced

Baseline, after 24

sessions

24 sessions

MagPro MST

A prospective

Sun et al. (2018)

resolution of suicidal ideation.

ATHF

controlled study

Abbreviations: ATHF, Antidepressant Treatment History Form; HDRS, Hamilton depression scale; MST, magnetic seizure stimulation; SSI, Beck Scale of Suicidal Ideation.
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Open Access,

a standard commercial device (Chattanooga lonto™ Dual Channel
Devices, Chattanooga Group). The anode and the cathode were
placed over the scalp areas corresponding, respectively, to the
left and right DLPFC. tDCS was delivered 5 sessions per week for
2 weeks.

3.3.3 | Associated therapies

Potential add-on treatments such as medication that can be deliv-
ered during the stimulation protocol were not specified in twelve
studies (Berlim et al., 2014; George et al., 2014; Hadley et al., 2011;
Hunt et al., 2011; Keshtkar et al., 2011; Liang et al., 2017; Munk-
Olsen et al., 2007; Nordenskjéld et al., 2013; Popiolek et al., 2018;
Sun et al., 2016, 2018; Weissman et al., 2018). In the studies from
Baeken et al. (2019) and Desmyter et al. (2014, 2016) and, rTMS
was given as a monotherapy. In other seven studies, participants
were demanded to use the same type psychotropic medication to
eliminate its medical effects on the outcomes. For instance, ECT
was delivered together with antidepressant therapy as an experi-
mental group in two studies (Bradvik & Berglund, 2006; Kellner
et al., 2005). More precisely, participants in Wall et al. (2011)’s
study only used selective serotonin reuptake inhibitor (SSRI) as an
antidepressant. Only Brunoni, Junior, et al. (2013) and Brunoni,
Valiengo, et al. 2013)’s RCT used a fixed antidepressant dosage
of 50mg/d of sertraline. In other studies, the medications were
finally analyzed and compared with the stimulation group. For in-
stance, Patel et al. (2006) designed a control group with psycho-
tropic pharmacotherapy matched for age, sex, race, and diagnoses,
while Ahmadi et al. (2015) included an antidepressant monother-
apy group.

3.3.4 | Sham stimulation

No sham-stimulation groups were included in the ECT or MST
studies. Five rTMS studies (Baeken et al., 2019; Desmyter
et al., 2014, 2016; George et al., 2014; Weissman et al., 2018) and
the tDCS study (Brunoni, Janior, et al., 2013; Brunoni, Valiengo,
et al., 2013) were double-blind sham-controlled whereby both
patients and investigators were blinded to the treatment alloca-
tions. In rTMS studies, the sham stimulation was administrated
with the coil angled 90° away from the scalp in a single-wing tilt
position producing some cutaneous sensation and similar sound
intensity to that of active stimulation (Blumberger et al., 2011,
2016), or a specially designed commercial sham coil, exactly the
same as the active coil in appearance, was placed on exactly the
same target area of the scalp but without any active stimula-
tion (Baeken et al., 2019; Desmyter et al., 2014, 2016; George
et al., 2014). For the tDCS experiment, the sham method con-
sisted of a brief (<30-60 s) period of active stimulation to mimic
skin side effects such as tingling and itching before the simulated

procedure.
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TABLE 5 Summary of tDCS study characteristics

Evidence

Primary

Frequency of
treatment

Number of
sessions

Study

(PEDro)

Outcome Results/Authors' conclusions

Analysis

Stimulus dose administration

design

Study

1 session/d Baseline, 6th w MADRS tDCS (alone and combined Level 1a

10 sessions

0.8 A/m? (2 mA/25 cm?) per

30 min/d

RCT

Brunoni, Janior, et al. (2013) and

with sertraline) improved

suicidal thoughts.

Brunoni, Valiengo, et al. (2013)

Abbreviations: MADRS, Montgomery-Asberg Depression Rating Scale; RCT, randomized controlled trial; tDCS, transcranial direct current stimulation.

Open Access,

3.3.5 | Duration

In the ECT experimental studies, the treatment lasted from 2 weeks
(four sessions) for the shortest (Veltman et al., 2018) to 4 months
(thirteen sessions) (Kellner et al., 2005) for the longest. The two
MST studies did not indicate the accurate duration of experiment.
In the rTMS studies, the duration varied from 3 days to 8 weeks and
stimulation was delivered one session per day during 10 days in the
tDCS protocol. Apart from four ECT studies (Hunt et al., 2011; Liang
et al., 2017; Munk-Olsen et al., 2007; Patel et al., 2006) and two
rTMS studies (Berlim et al., 2014; Croarkin et al., 2018), the other
eight ECT studies, seven rTMS studies, and the only available tDCS
study evaluated participants during follow-up ranging from weeks
to years.

3.3.6 | Standardized evaluation

Seventeen studies focused on suicidal ideation as primary out-
come for suicidality (Baeken et al.,, 2019; Berlim et al.,, 2014;
Brunoni, Junior, et al.,, 2013; Brunoni, Valiengo, et al., 2013;
Ciapparelli et al., 2001; Croarkin et al., 2018; Desmyter et al., 2014;
Desmyter et al., 2016; George et al., 2014; Hadley et al., 2011;
Kellner et al., 2005; Keshtkar et al., 2011; Patel et al., 2006;
Sun et al., 2016, 2018; Veltman et al., 2018; Wall et al., 2011;
Weissman et al., 2018), while two studies assessed suicide attempt
(Avery & Winokur, 1978; Bradvik & Berglund, 2006) and five stud-
ies analyzed rate of completed suicide (Ahmadi et al., 2015; Black
et al.,, 1989; Hunt et al.,, 2011; Liang et al., 2017; Munk-Olsen
et al., 2007). Popiolek et al. (2018) evaluated suicide attempts and
completed suicide at the same time. Nordenskjold et al. (2013)
simply calculated the amount of suspected suicide and suicide
attempts.

Different standardized clinical scales to measure suicidal ide-
ation were used across the studies. The Beck Scale of Suicidal
Ideation (SSI) was applied in eight studies (Baeken et al., 2019;
Berlim et al., 2014; Desmyter et al., 2014, 2016; George et al., 2014;
Hadley et al., 2011; Sun et al., 2016, 2018). To assess the severity
of suicide, and Croarkin et al. (2018) and Wall et al. (2011) used
the Columbia Suicide Severity Rating Scale (C-SSRS). The third item
of the Hamilton depression rating scale (HDRS) or the tenth item
of the Montgomery-Asberg Depression Rating Scale (MADRS)
were in studies to assess severity of suicidal ideation (Brunoni,
Junior, et al.,, 2013; Brunoni, Valiengo, et al., 2013; Ciapparelli
et al.,, 2001; Keshtkar et al., 2011; Kellner et al., 2005; Veltman
et al., 2018; Weissman et al., 2018). The nine ECT studies did not
use any specific scale to measure suicidality but analyzed the oc-
currence of suicide attempts (Avery & Winokur, 1978; Bradvik &
Berglund, 2006; Nordenskjold et al., 2013; Popiolek et al., 2018),
the severity of suicide attempt (Bradvik & Berglund, 2006), suicide
events (Liang et al., 2017), and suicide rates (Ahmadi et al., 2015;
Black et al., 1989; Hunt et al.,, 2011; Munk-Olsen et al., 2007;
Popiolek et al., 2018).
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A large number of studies also evaluated the severity of de-
pression with various standardized scales: the 17 or 21-item HDRS
(Berlim et al.,, 2014; Desmyter et al., 2014; Kellner et al., 2005;
Weissman et al., 2018), the Beck Depression Inventory (BDI) (Baecken
et al., 2019; Hadley et al., 2011; Keshtkar et al., 2011), the 10-item
MADRS (Brunoni, Junior, et al., 2013; Brunoni, Valiengo, et al., 2013;
Ciapparelli et al., 2001; Nordenskjold et al., 2013; Veltman
et al., 2018), and the Children's Depression Rating Scale-Revised
(CDRS-R) (Croarkin et al., 2018; Wall et al., 2011). The 17-item Quick
Inventory of Depressive Symptoms-Adolescent version (QIDS-A17)
and the 16-item Quick Inventory of Depressive Symptomatology-
Self-Report (16-QIDS-SR) were used as the combination of several
of these scales or specific scale for adolescents (Berlim et al., 2014;
Wall et al., 2011).

3.4 | Results on suicidality

3.4.1 | Results of ECT studies

Ten out of the fourteen ECT studies reported significant ef-
ficacy of ECT on suicidality. Five studies highlighted the ben-
eficial effect of ECT on suicidal ideation (Ciapparelli et al., 2001;
Kellner et al., 2005; Keshtkar et al.,, 2011; Patel et al., 2006;
Veltman et al., 2018). Another retrospective study observed that
ECT can reduce the occurrence of suicide attempts (Bradvik &
Berglund, 2006), and suicide attempts were seen significantly less
in the ECT group than in the pharmacotherapy-alone group (Avery
& Winokur, 1978; Nordenskjold et al., 2013). Two other papers re-
ported the long-term effect of ECT on completed suicides (Ahmadi
et al., 2015; Liang et al., 2017). Three ECT studies did not observe
any beneficial effects of ECT on suicidality (Black et al., 1989;
Hunt et al., 2011; Popiolek et al., 2018). The ECT study published
by Munk-Olsen et al. (2007) described an increase in suicide rates
in patients receiving ECT. They believed that the bias (confounding
by indication) is a likely explanation for the moderately increased
suicide risk among ECT patients in this study and the more marked
increase shortly after treatment.

Suicidal ideation

Five studies reported the acute effects of ECT on suicidal ideation
after acute treatment within 3 weeks (Kellner et al., 2005; Patel
et al.,, 2006), within 1 week after two sessions (Veltman et al., 2018),
and one month after approximately nine sessions (Ciapparelli
et al, 2001), by evaluating, respectively, the suicide subscale of
MADRS (Ciapparelli et al., 2001), and the 24-item Brief Psychiatric
Rating Scale (24-BPRS) (Patel et al., 2006; Veltman et al., 2018).
Within them, Kellner et al. (2005) randomly assigned participants
whose condition remitted and remained remitted for one week with-
out treatment, after an acute course of three bilateral ECT sessions for
a 6-month continuative phase, to receive either continual ECT or con-
tinual nortriptyline+lithium treatment. The results showed that 38.2%

of the patients had a score decrease from 3 or 4 to O at item 3 of the

24-HDRS after 1 week (3 ECT sessions), 61.1% after 2 weeks (6 ECT
sessions), and 80.9% at the end of the course of treatment (9 ECT ses-
sions). In addition, comparing the rapid antisuicidal effects with other
NIBS like rTMS, Keshtkar et al. (2011) randomized 73 patients with
MDD in two groups: one rTMS and one ECT group. After ten sessions,
ECT led to greater depressive symptom reductions and suicidal be-
havior than ten sessions of rTMS, as evaluated by the BDI and HDRS.

Suicide attempt

Bradvik & Berglund (2006) collected 96 suicidal and 96 matched
controls who were diagnosed as melancholia in the 1950s and
1960s; they principally analyzed the occurrence and severity of sui-
cide attempts following up until 1998. By distinguishing 3 groups:
1) ECT only, 2) antidepressant pharmacotherapy group, and 3) ECT
with continuous antidepressant treatment, they demonstrated a
better effect of ECT than antidepressants on the occurrence of sui-
cide attempts in a treatment course of at least six sessions (2 weeks).
However, on the other hand, they found a worsening on the severity
of suicide attempts. Nordenskjold et al. (2013) saw one suspected
suicide and three suicide attempts by intoxication occurred, all in the
pharmacotherapy-alone group but none in ECT plus pharmacother-
apy group, while Avery & Winokur (1978) indicated suicide attempts
were seen significantly less frequently in the ECT groups (0.8%) than
in the antidepressant group (4.2%) or the "adequate" antidepressant
subgroup (7.0%).

Completed suicide

Liang et al. (2017) compared the cumulative incidence of suicide
between ECT (n = 487) and non-ECT recipients (n = 1,948) over
13 years. They reported a superior antisuicidal effect of ECT in pa-
tients with unipolar disorder and bipolar depression with the ad-
justed HR present 0.79 (p =.041) and 0.805 (p =.046) exerted than
non-ECT group. Another retrospective study with the median of
8 years of follow-up analyzed the death rate, suicide rate, and the rel-
ative suicide risk of 92 patients treated with ECT and 3,393 treated
with antidepressant monotherapy. Both groups were diagnosed with
both PTSD and MDD. The suicide rate was 2.2% and 5.9% in groups
with and without ECT, respectively (Ahmadi et al., 2015).

There were some studies that failed to demonstrate that ECT
had a preventative effect on suicide in the long term. According to
a national clinical survey in England, Hunt et al. (2011) concluded
that the reduction in ECT use did not influence suicide rates in pa-
tients who received this treatment by collecting an 8-year sample of
suicide cases (1999-2006). Black et al. (1989) included from a short-
term follow-up study of depressed individuals whom had received
ECT in the hospital had minimal influence on suicide. And Popiolek
et al. (2018) concluded by their 3-year follow-up study that patients
treated with continuative ECT had a similar risk of suicide attempts
or completed suicides to those who did not receive continuation
ECT. Another striking findings by a cohort study demonstrated that
783 inpatients who received ECT had a slightly higher suicide rate
(RR = 1.20) compared with 5,871 who had not, especially within the
first 7 days from last ECT treatment (Munk-Olsen et al., 2007).



CHEN ET AL.

B H dB h . 0 17 of 21
rain an enavior Wl LEYJ—

3.4.2 | Results of MST studies

Sun et al. (2016) and (2018) applied the same stimulation MST pro-
tocol and assessed the SSI to evaluate the suicidal ideation after 24
MST sessions, or until remission of depressive symptoms. Both trials

reported significant reduction in suicidal ideation.

3.4.3 | Results of rTMS studies

Statistically significant effects of active rTMS on suicidal ideation
were reported in four different studies (Berlim et al., 2014; Hadley
et al.,, 2011; Wall et al., 2011; Weissman et al., 2018). Five studies
revealed a beneficial, but nonsignificant effect, of active rTMS on
suicidality over sham (Baeken et al., 2019; Croarkin et al., 2018;
Desmyter et al., 2014, 2016; George et al., 2014).

Two studies from the same team highlighted the efficacy of left uni-
lateral (10Hz) or bilateral (left: 1Hz; right: 10Hz) DLPFC rTMS on reduc-
ing depression in patients with TRD (Blumberger et al., 2011, 2016). Two
years later, they integrated data from these two trials and determined
that bilateral rTMS was superior to sham rTMS in reducing suicidal ide-
ation in patients with TRD with a significant odds ratio (OR) = 3.03 after
fifteen sessions over 3 weeks (Weissman et al., 2018). Another trial
analyzing the evidence from nineteen adults with MDD explained that
high-dose left DLPFC (L-DLPFC) rTMS of 120% RMT and 10 Hz might
be a tolerated therapy to rapidly diminish suicidal ideation, as the sui-
cidal ideation of 67% of patients diminished after only five sessions over
1 week (Hadley et al., 2011). Wall et al. (2011) also showed that suicidal
ideation progressively decreased during thirty sessions of L-DLPFC high-
frequency rTMS (10 Hz) in adolescents with TRD by using the same in-
tensity of 120% RMT. Berlim et al (Berlim et al., 2014) applied 5 weeks
of daily 20 Hz deep TMS in an open-labeled fashion in 17 depressed
patients, showing improvement in suicidality ratings.

Similar to the results observed with ECT, inconsistencies in rTMS
studies were also reported. Despite some studies reporting bene-
ficial effects, some others failed to report any superiority of active
rTMS over sham (Baeken et al., 2019; Croarkin et al., 2018; Desmyter
et al, 2014; George et al., 2014).

3.4.4 | Results of tDCS study

This single tDCS RCT showed significant decreases in suicidal ideation. A
significant decrease in suicidal thoughts measured by MADRS 10th item
was observed after 10 daily tDCS sessions over sham (p = .04) (Brunoni,
Junior, et al., 2013; Brunoni, Valiengo, et al., 2013). This study suggests that

patients with depression and suicidal ideation could benefit from tDCS.

4 | DISCUSSION

In the present review, we have examined the current status of ECT,
MST, rTMS, and tDCS in the treatment of suicidal ideation, suicide
attempts, and completed suicides.

Open Access,

4.1 | ECT studies

Among the fourteen retrieved studies, five ECT experimental studies
for MDD reported that patients who had received ECT showed sig-
nificant faster and larger effects on suicidality than control patients
groups (pharmacotherapy (Avery & Winokur, 1978; Nordenskjold
et al., 2013; Kellner et al., 2005) or rTMS (Keshtkar et al., 2011) or
compared with baseline (Veltman et al., 2018). These findings are
consistent with the recommendations of the Canadian Network for
Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines
for the Management of Adults with Major Depressive Disorder,
whereby ECT considered a first-line treatment for acute suicidal ide-
ation (Milev et al., 2016). A review (Sharma, 2001) of the role of ECT
in suicide prevention also recommended the consideration of ECT in
treatment algorithms to rapidly reduce suicide rates. The outcomes
of these studies seem to be encouraging, and their level of evidence
was relatively high (superior to PEDro level 2).

The eight other ECT studies are retrospective or observa-
tional studies investigating the occurrence of suicidal behavior in
cohorts of patients who received ECT. With a PEDro level 3, their
conclusions were less convincing than those from two RCTs and
two prospective trials. Among them, three studies did not observe
any influence of ECT on completed suicides and suicide attempts
(Black et al., 1989; Hunt et al., 2011; Popiolek et al., 2018). The five
other open studies showed a positive and significant antisuicidal
effect of ECT. Nevertheless, neither Bergfeld et al. (2018) or Hunt
et al. (2011) gave valuable explanations or assumptions to explain
discrepancies observed between studies regarding the long-term
effect of ECT in their meta-analyses. Difference may be due to the
assumption that there is a relapse in depressive episodes, rather
than “incomplete” recovery and psychomotor retardation after ECT,
despite an expected good short-term effect on these symptoms
(Bradvik & Berglund, 2004). Sharma, 2001 (Sharma, 2001) sug-
gested that ECT had an acute, but not a long-term beneficial effect
on suicidality. Unfortunately, only Nordenskjold et al. (2013) and
Popiolek et al. (2018) designed or analyzed the efficacy of ECT as
a maintenance approach for suicidality, but their conclusions were
inconsonant. The lack of evidence on this aspect prevented the au-
thors to systematically estimate its long-term influence. Considering
these reasons, it was suggested to be very prudent to speculate on
these findings given the high heterogeneity on long-term antisuicidal
effects.

It is important to note that all the retrospective ECT studies have
not investigated the influence of concomitant medication on suicidality.
For instance, benzodiazepine could increase the clinical efficacy of ECT
when delivered using bitemporal stimulation (Delamarre et al., 2019).
Thus, it could modulate antisuicidal of ECT. Following this trend, pos-
sibly the best intervention for suicide should be to gather different ap-
proaches to maximize neuronal plasticity. Notwithstanding the limited
and discordant evidence base for ECT in mood disorders, ECT remains a
valuable therapeutic option with superior to PEDro level 2 to acutely re-
duce suicidal ideations. Continuative ECT treatment, including mainte-
nance pharmacotherapy or psychotherapy, should be sustained during

the long term to prolong the remission phase (Cakir & Caglar, 2017).
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4.2 | MST studies

The aims of Sun et al. (2016) and (2018) were to explore indicators or
neuroplasticity of remission of suicidal ideation following MST. With
the similar schedule as ECT, usually two to three times per week, an
index course of twelve sessions (Milev et al., 2016), we could assume
that these two studies evaluated the suicidal ideation at the baseline,
and 2 or 3 months after the intervention. The results on suicidal idea-
tion of participants with TRD were reasonable and logical because of its
similar antidepressive effect compared with ECT (Kayser et al., 2011).
According to CANMAT, its acute efficacy on MDD was recommended
with evidence level of 3 (Milev et al., 2016) but its overall recommenda-
tion, especially in suicidality, needs to be further explored.

4.3 | rTMS studies

As observed with ECT studies, our review revealed inconstan-
cies across rTMS studies. Hence, four study effects with PEDro
level over 2 concluded that rTMS may have an antisuicidal effect
(Berlim et al., 2014; Hadley et al., 2011; Wall et al., 2011; Weissman
et al., 2018) whereas four others (Baeken et al., 2019; Desmyter
etal., 2014, 2016; George et al., 2014) did not observe a significantly
superior antisuicidal effect of active stimulation over sham stimula-
tion. Moreover, Baeken et al. (2019) concluded that sham-stimulation
responses resulted in a greater effect on cognitive process involved
in suicidal ideation than active. With a similar high-dose accelerated
protocol, Desmyter et al. (2016) had a powerful evidence level of
1a. These negative and opposite results pushed us to consider the
possible pitfalls. For instance, two studies evaluated differences
between active and sham stimulation after 3 days of rTMS (George
et al., 2014), or 3 days after the last iTBS (Desmyter et al., 2014).
However, iTBS is thought to create more robust neuroplasticity ef-
fects that likely become evident later following treatment due to the
commended neurophysiology (Chung et al., 2014). The evaluation
was likely done too soon to find a significant difference between
these two groups. Regrettably, Desmyter et al. (2016) designed a
crossover trial to evaluate the difference between these two groups
after the first week of stimulation to avoid carryover effects that
could be expected during the second week. They applied iTBS as an
intervention; however, they failed to estimate its profound influence
on suicidal ideation after the intervention. To confirm the placebo
response, Baeken et al. (2019) reported a significant frontopolar
prefrontal perfusion decrease after 4 days of sham iTBS which was
related to the attenuation of suicidal ideation. The assumption was
that the placebo effects interfered with the final results, but they
would only emerge in terms of the suicidal symptoms, but not the
depression. Furthermore, due to a lack of meta-analysis specifically
exploring the antisuicidal effects of rTMS, we have not successfully
sought out evidence of higher levels to appraise these findings.
Considering that this intervention was recommended by the
U.S. Food and Drug Administration (FDA) for the treatment of re-
sistant depression since 2014, accelerated DLPFC-rTMS is clinically

acceptable and could be one of the therapeutic options in addition
to its antidepressant effects. Thus, further research is necessary to
extend to more naturalistic conditions, and larger sample to confirm

its superior antisuicidal effect over sham.

4.4 | tDCS study

According to the one available study, tDCS could be a choice to de-
crease suicidality. Another study found that tDCS combined with
sertraline was more effective than tDCS, or sertraline alone, on
depression. Following this trend, probably the best treatment for
suicide might be to combine different interventions, such as phar-
macotherapy, to decrease suicidality of patients with depression
(Brunoni, Junior, et al., 2013; Brunoni, Valiengo, et al., 2013).

4.5 | Safety

In reference to safety, while both rTMS and tDCS are generally con-
sidered safe and acceptable if the appropriate guidelines and rec-
ommendations are followed, more research is needed to verify the
safety parameters of rTMS and tDCS for the purpose of prevent-
ing suicidality. The adverse events of ECT potentially could be pre-
vented. It is possible that the routine application of an ECT checklist
could diminish the rates of adverse events.

4.6 | Limitations

Our aim was to evaluate the efficacy between five physical treat-
ments (ECT, MST, rTMS, tDCS, and CES) on suicidality. Due to the
limited number of studies and the high heterogeneity between pro-
tocols, we were not able to complete a quantitative synthesis and
to undertake a meta-analysis. The efficacy of seizure therapies and
NIBS as a continuous intervention also should be further explored as
Nordenskjold et al. (2013) and Popiolek et al. (2018) were the only
two studies discussing the long-term effect of ECT as continuation
treatment. None of the MST, rTMS, or tDCS studies investigated
MST and/or rTMS and/or tDCS as a continuous intervention to as-
sess its long-term influence after the acute course of intervention
sessions. With a PEDro level of 3 in eight of them, a lack of control
group, weak design, and possible cohort effects were obvious meth-
odological shortcomings. Additionally, another obvious limitation
of the present review constitutes selection bias. We restricted our
search strategy to full-text articles in English. For example, a system-
atic review of Norwegian papers revealed doubt upon the efficacy
of ECT in the prevention of suicide. We could not critically evaluate
those articles or challenge the reported data. Moreover, as men-
tioned earlier, we had to exclude six studies whose Sackett Scale was
equal or inferior to 4 (Brunoni, Janior, et al., 2013; Brunoni, Valiengo,
etal., 2013; Fligelman et al., 2016; Gambill & McLean, 1983; Kobeissi
etal., 2011; Pan et al., 2018; Rapinesi et al., 2014;). These case series
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or uncontrolled pre-post-tests should also be recognized because of
their values. Thirdly, impulsivity, anxiety, and irritability could often
drive someone pondering suicide into action. Only George et al. re-
ported greater improvements in anxiety and irritability with sham
than with active TMS (George et al., 2014). These symptoms were
lack of further evaluations and discussions as related phenotypes.

5 | CONCLUSION

Taking into consideration all the current evidence, we support the
effect of ECT for acute suicidal ideation, but we cannot recom-
mend the same regarding MST, rTMS, or tDCS. However, further
research is necessary to determine whether there is any clear and
persuadable evidence for the long-term efficacy of ECT on suici-
dality and to investigate the potentiation of ECT-elicited neuro-
plasticity changes targeting suicide theory. The antisuicidal effect
of rTMS with a standard protocol needs to be confirmed. There
is also a need for high-quality tDCS and CES trials designed for
suicide. Combination therapy, both in short term and long term,
could be a promising asset toward a faster and more sustained

amelioration of suicide.
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