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Abstract 

The efficacy and tolerability of transcranial magnetic stimulation (rTMS) in major depression is 

well-known and documented by existing studies. However, whether rTMS may be effective on 

suicidal behavior is unclear and needs to be further investigated. This systematic review is aimed to 

investigate the available literature about the effects of rTMS on suicidal behavior and provide a 

comprehensive overview of the available evidence. A systematic search regarding the association 

between rTMS and suicidal behavior was carried out. All relevant articles concerning this 

association were comprehensively searched on PubMed, Scopus, Science Direct, and PsycInfo 

databases. After a careful search, 16 articles (7 sham-controlled studies, 5 uncontrolled studies, 4 

case-series) meet inclusion criteria and were selected in this systematic review. Overall, the left 

dorsolateral prefrontal cortex (DLPFC) was identified as the most frequent stimulation target by 

most studies. Unfortunately, actually it is not clear whether suicidal behavior reduction may be 

mediated, at least in some cases, by depression attenuation. While some methodological 

heterogeneity was found in terms of stimulation parameters (e.g., frequency, number of sessions, 

intensity of stimulation), most of the analyzed articles showed that rTMS is a safe, applicable, well 

tolerated and reproducible method in treating suicidal behavior. The main findings suggest that 

TMS is globally safe, well-tolerated and effective in treating suicidal behavior. The most effective 

treatment seems to be bilateral TMS as well as the combination with antidepressants. Further 

longitudinal studies are required in order to replicate the mentioned study results. [Keywords: 

rTMS; suicidal behavior; major depression; left dorsolateral prefrontal cortex; brain-derived 

neurotrophic factor] 
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1. Introduction 

Suicidal behavior is a significant, global public health concern with approximately 800.000 deaths 

annually across the globe, being the second leading cause of death among 15–29-year-olds. It is 

estimated that for each person who dies by suicide, more than 20 other individuals attempt suicide. 

Suicidal behavior refers to various clinical conditions including suicidal ideation and thoughts, 

suicide attempts, suicidal acts and completed suicide (World Health Organization, 2019; Meyer et 

al., 2010; Pompili et al., 2012, 2013). The proposed mechanisms underlying suicidal behavior 

include hyperactivity of the hypothalamic-pituitary-adrenal axis, lower serotonin levels and activity 

(Menon Kattimani, 2015), overactivity of the noradrenergic system (Meyer et al., 2010), reduced 

GABAergic cortical inhibition (Lissemore et al., 2018; Kang et al., 2016; Lewis et al., 2018), lower 

brain-derived neurotrophic factor (BDNF) levels in the prefrontal cortex (PFC) and hippocampus, 

white matter hyperintensities (related to disruptions in the neural circuits involved in emotional 

regulation) (Meyer et al., 2010), particularly in brain areas such as frontal cortex and basal ganglia 

connections. Moreover, functional and structural neuroimaging studies showed blunted prefrontal 

cortex (PFC) regional flood blow (Cox et al., 2014), hypoactivation patterns in left dorsolateral 

prefrontal cortex (DLPFC) (Thompson et al., 2018), reduction in cell density and thinner cortex in 

left DLPFC (Sobanski et al., 2015) and impaired functional connectivity in default mode network 

(DMN) (Chen et al., 2013) in suicidal patients. Reduced serotonergic input into the ventromedial 

prefrontal cortex (VMPFC), orbitofrontal cortex (OFC), and DLPFC may result in impaired affect 

regulation as well as in diminished behavioral control and, thereby, in a greater propensity to exert 

powerful emotions such as suicidal or aggressive feelings. The study of Tik et al. (2017) 

comprehensively summarized the most relevant neural circuits modulated by TMS in major 

depression (MDD).  

Transcranial magnetic stimulation (TMS) is a non-invasive and painless neuromodulatory tool 

affecting underlying neuronal excitability. Modulation is achieved by inducing a short capacitor 

discharge of electric current into a coil, generating a magnetic field, which later induces neural cell 

membrane potentials depolarizing in cortical tissue under the coil and affect the related nerve loop 

activity. Repetitive TMS (rTMS) has been used in the treatment of a variety of psychiatric and 

neurological disorders, although at this time it is only approved as a treatment for major depressive 

episode with unsatisfactory response to antidepressant by the US Food and Drug Administration. 

Research found that high frequency (HF) stimulation (≥5 Hz) induces excitatory effects, whereas 

low-frequency (LF) stimulation (≤1Hz) causes inhibitory effects in the brain (Chen et al., 2013). 

The efficacy of HF-rTMS of the left dorsomedial prefrontal cortex (l-DLPFC) in depression is well-

established, with a Level A recommendation according to European guidelines, whereas the 

efficacy of rTMS of the right DLPFC (r-DLPFC) is considered as probable (Level B 

recommendation) (Lefaucheur et al., 2014). Studies have shown that superior efficacy is achieved 

when delivering >1000 pulses per session and stimulation intensity >100% of motor threshold. 

Evidence found that better efficacy was achieved when using higher intensity pulses, more sessions 

of stimulations, or longer courses of treatment (Chung et al., 2018). 

The efficacy of decreasing the r-DLPFC activity via low-frequency rTMS may be connected to the 

increase of activity in l-DLPFC through transcallosal connections or inhibition itself. Furthermore, 

recent studies demonstrated efficacy for a DMPFC (Downar et al., 2014) and right orbitofrontal (r-

OFC) (Feffer et al., 2018) in MDD. The DLPFC is easily accessible to TMS application and is 
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synaptically connected to the limbic system involved in mood regulation (e.g, striatum, thalamus, 

and anterior cingulate cortex) (Li et al., 2004). 

Studies hypothesized that rTMS of the DLPFC might modulate brain networks, which are 

implicated in the pathophysiology of MDD (Li et al., 2004). Further research in animals and 

patients suffering from MDD revealed that frontal rTMS can also affect various neurotransmitter 

systems, neurotrophic factors, and cortical excitability (Hung et al., 2020).  

To date, whether rTMS may be effective in the treatment of suicidal behavior needs to be further 

investigated. Possible mechanisms involved in the rTMS treatment of suicidal behavior may be, 

similarly to MDD, the increase in serotonin neurotransmission in PFC and hippocampus, changes in 

local hippocampal inhibitory circuits and cortical inhibition, modulation of the functional 

connectivity in the frontostriatal network and subgenual area, changes in functional connectivity 

between the DLPFC and DMN, promotion of hippocampal neurogenesis and synaptic plasticity and 

increase of BDNF plasma levels (Peng et al., 2018). Suicidal behavior has been associated with 

specific executive deficits while suicidal ideation was linked to cognitive rigidity (Westheide et al., 

2008). Patients who experience major affective disorders often suffer from cognitive impairments 

that significantly impact on their functional recovery (Crowe et al, 2020). DLPFC is a frontal brain 

area that may be critically involved in the executive functions of inhibition, decision making, 

working memory, abstract reasoning and attention (Funahashi, 2017). However, recent studies 

suggested that DLPFC-mediated cognitive control functions may also pertain to emotions. 

Specifically, functional imaging studies demonstrated the recruitment of l-DLPFC during the 

regulation of negative emotions through reappraisal/suppression strategies and activation of r-

DLPFC during tasks involving the control over positive distraction (Zilverstand et al., 2017). 

Importantly, there are studies reporting that suicidal ideation is associated with an abnormal PFC 

activation during a verbal fluency task (Pu et al., 2015) during or emotion regulation functional 

magnetic resonance imaging task (Miller et al., 2018) in depressed patients. 

Failure to recruit left DLPFC in the face of negative distraction has been associated with MDD, 

anxiety, trait negative affect and schizotypy (Grimshaw et al., 2014). The authors proposed the 

asymmetric inhibition model postulating that each frontal region is fundamental for the inhibition of 

different types of emotions, with l-DLPFC being particularly responsible for inhibiting negative 

stimuli, and r-DLPFC being responsible for inhibiting positive stimuli. This model is consistent 

with data regarding the clinical efficacy of stimulating l-DLPFC and inhibiting r-DLPFC. These 

results are in line with previous neuropsychological studies showing that after damage to the left 

PFC regions some patients became increasingly depressed, while damage to the right frontal regions 

resulted in increasing levels of manic symptoms.   

Given that additional research is really needed to determine whether and to what extent TMS is 

effective in treating suicidal behavior, the present systematic review is aimed to comprehensively 

investigate the current literature about this topic and provide an updated overview of the available 

evidence.  

  

 

2. Methods 

2.1 Eligibility Criteria  
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We adopted the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses” guidelines 

(Liberati et al., 2009). We included papers that explicitly mentioned the association between TMS 

AND suicidal behavior in adolescence or adulthood. When a title or abstract appeared to describe a 

suitable study, the full-text paper was closely examinated to evaluate its significance for our study. 

Exclusion criteria were the following: (1) papers published before 1980; (2) studies without 

abstracts or with abstracts that did not explicitly mention the association between TMS and suicidal 

behavior; (3) studies that were not published in English; (4) systematic reviews or meta-analytic 

studies on the topic (with the exception of Weissman et al. 2018, which analyzed the data of two 

articles not reporting the above mentioned keywords) and (5) studies on animals.  

 

2.2 Information Sources  

We performed a systematic search through four major electronic databases concerning medical and 

social science studies (e.g., PubMed, Scopus, Science Direct, PsychInfo) for titles and abstracts 

pertinent to our research questions. We also examined the reference lists of the selected articles to 

search further papers which might be potentially relevant for inclusion. Overall, the papers we 

examined covered the period between 2011 and 2020. 

 

2.3 Search Terms  

Overall, the following search query was used in Pubmed: suicid*[Title/Abstract]) AND rTMS 

[Title/Abstract]; suicid*[Title/Abstract]) AND TMS [Title/Abstract]. The following search query 

was used in Sciencedirect: rTMS AND suicide [title-abstract-keywords]; TMS AND suicide [title-

abstract-keywords]; rTMS AND suicidal [title-abstract-keywords]; TMS AND suicidal [title-

abstract-keywords] as well. In addition, the following search query was used in Scopus: rTMS AND 

suicide [article title-abstract-keywords]; TMS AND suicide [article title-abstract-keywords]; rTMS 

AND suicidal [article title-abstract-keywords]; rTMS AND suicidal [article title-abstract-

keywords].  

 

2.4 Selection of Studies  

Articles were examined and selected in a two-step process in order to reduce bias. First, two 

independent researchers (GC, DB) performed the literature search. In case of any discrepancies 

between the two reviewers, these were solved by consulting the senior researchers (GS and MA). In 

the second phase, full-text papers meeting our inclusion criteria were obtained and independently 

analyzed by senior authors who discussed the design and the main characteristics of the studies in 

order to choose whether they could be included.  

In case of doubts, the study was put on a “pending list” of those awaiting assessment and more 

information, and later was carefully reanalyzed for possible inclusion. In case of disagreement at 

this step, the eventual inclusion was discussed between reviewers. Figure 1 summarizes the main 

results of the search strategy (i.e., the identification, screening, eligibility, and inclusion process) 

used for selecting studies. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

[Insert here Figure 1] 

 

2.5 Data collection process 

GC and DB acquired the following data from the 16 papers included in this review (see “Study 

Sample” below): author/s and publication year, study design, sample size, presence/absence and 

type of control group (e.g., sham rTMS, other treatment), psychiatric diagnosis and sample 

characteristics, psychometric instruments, TMS protocol, shortcomings/limitations, main findings 

and conclusions (for more details, see Table 1).  

 

2.6 Summary Measures  

The quality of the studies was assessed using the following criteria: (1) representativeness of the 

sample (0–2 points); (2) presence and representativeness of control group (0–2 points); (3) presence 

of follow-up (0–2 points); (4) evidence-based measures of sucidality [e.g., Columbia Suicide 

Severity Rating Scale (C-SSRS), Scale of Suicidal Ideation (SSI), Beck Scale for Suicide Ideation 

(BSI)], (5) presence of raters who identified independently the presence of suicidal behavior (0–2 

points); and (6) statistical evaluation of interrater reliability (0–2 points). Quality scores ranged 

from 0 to 12. Studies were differentiated with respect to their quality as follows: (1) good quality 

(9–12 points), if most or all the criteria were fulfilled or, where they were not met, the study 

conclusions were considered very robust; (2) moderate quality (4–8 points), if some criteria were 

fulfilled or, where they were not met, the study conclusions were deemed robust; and (3) low 

quality (0–3 points), where few criteria were fulfilled or the conclusions were not considered robust. 

 

3. Results  

3.1 Study Sample  

The searches in PubMed, Scopus, Science Direct, and PsycInfo revealed, after the removal of 

duplicates, a total of 16 potentially relevant articles about TMS and sucidality. Overall, including 

duplicates, the search in PubMed generated 47 articles; the search in Scopus generated 161; the 

search in Science Direct generated 35. Of all these stusies, 227 were excluded as they are 

duplicates, or they are lacking an abstract, or they had an abstract that did not explicitly mention the 

use of TMS in a sample of suicidal patients, or they were not written in English.  

 

3.2 Study Types and Sample Characteristics  

Five sham-controlled clinical trials, including a total of 441 patients (1 study included 2 previous 

RCTs), 1 accelerated rTMS-controlled clinical trial including a total of 119 patients, 1 ECT-

controlled clinical trial including a total of 73 patients, 3 uncontrolled clinical trials - including a 

total of 66 patients, 4 case series/case reports including a total of 6 patients – and 2 retrospective 

studies including a total of 341 patients were included in the present systematic review. Clinical 
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samples included predominantly patients with suicidal ideation or suicidal attempts and one of the 

following psychiatric diagnoses: MDD, treatment resistant depression (TRD), and in some cases 

bipolar disorder (BD). 

 

3.3 Study Quality Assessment  

According to our quality score system, the mean quality score of the 5 sham-controlled clinical 

trials was 6.6, the mean score of the 2 accelerated TMS or ECT - controlled clinical trials was 6.5; 

the mean score of the 3 uncontrolled clinical trials was 3.33; the mean score of the 4 case-series was 

3.5, and the quality score of the retrospective analysis studies was 3.5. Quality scores ranged from 0 

to 12. Studies were differentiated according to their quality, as follows: (1) good quality (8–12 

points), if most or all the criteria were fulfilled or, where they were not met, the study conclusions 

were deemed very robust; (2) moderate quality (4–7 points), if some criteria were fulfilled or, where 

they were not met, the study conclusions were deemed robust; and (3) low quality (0–3 points), 

where few criteria were fulfilled or the conclusions were not deemed robust. 

 

3.4 Sham-controlled clinical trials  

Seven sham-controlled studies providing l-DLPFC rTMS, l-DLPFC iTBS or bilateral rTMS 

reported improvements in terms of suicidal ideation and mood disorders. The study of George and 

colleagues (2014) was specifically focused on depressed (unipolar or bipolar) patients admitted in 

an inpatient setting for suicidal ideation. The intense l-DLPFC rTMS protocol implementation was 

associated with a decline in suicidal ideation which was not significant when compared with the 

sham rTMS treatment effects. However, the study showed a trend toward improvement in the TMS 

group vs. sham at day 1. In particular, in completers on day 1 an average 50% reduction in SSI 

scores emerged with active rTMS as compared to a 25% reduction with sham. This difference 

normalized on day 2 and 3.  

Similar results were documented by Yesavage et al. (2018) who conducted a clinical trial involving 

US veterans with TRD and providing low intensity but protracted l-DLPFC rTMS. Despite the 

reduction in suicidal ideation and depression, this was not significant when compared with sham-

rTMS results. The overall remission rates in depression (40.7% in active rTMS group vs. 37.4% in 

sham rTMS group) were high in both groups. The most common serious adverse event was suicidal 

ideation, that was showed by 3 active and 4 sham participants. No suicides or seizures occurred 

during the study.  

The study of Desmyter and colleagues (2016) was conducted with accelerated l-DLPFC intermittent 

Thetaburst Stimulation (iTBS), a TMS technique using bursts of high-frequency stimulation at 

repeated intervals, which is postulated to affect brain functions more profoundly when compared to 

the 'classic' rTMS protocols. Although the cross-sectional nature of this study design, the authors 

provided an intensive treatment including 20 sessions of iTBS (50 Hz, 1620 stimulations per 

sessions, 5 sessions per day over 4 days) and observed a significant decrease in suicide risk which 

was not linked to active or sham stimulation and unrelated to depression response. Treatment 

resulted safe and feasible. The significant decrease in suicidal risk was unrelated to depression 
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improvement, though it was not when compared with the sham treatment effect. Moreover, the 

improvement in suicidal ideation lasted up to one month after baseline.  

Among clinical trials, only the study of Rao and colleagues (2019) evaluated the efficacy of low-

frequency r-DLPFC rTMS on suicidal behavior and other clinical measures although this was in a 

group of unipolar depressed, antidepressant-free patients who developed depression following a 

TBI. Patients showed significant improvements in suicide ideation, depression, anxiety, sleep 

quality, clinical global condition and satisfaction with life, although the differences between sham 

and TMS treatment groups were not significant. No serious adverse events were registered.  

Bilateral rTMS effectiveness in suicidal behavior was evaluated by Weissman and colleagues 

(2018), who analyzed the data extracted from two trials on this paradigm in TRD, compared with 

unilateral and sham rTMS. The l-DLPFC rTMS was not significantly more effective than sham 

treatment in reducing suicidal behavior, whereas bilateral rTMS was effective. Suicidal ideation 

resolved in 40.4%, 26.8% and 18.8% of participants randomized to bilateral, left unilateral and 

sham rTMS, respectively. Importantly, the relation between change in suicidal ideation and 

depression was significant, but the correlation was modest. The change in depression severity 

accounted for 15% of the change in suicidal ideation, and the rate in resolution of suicidal ideation 

was higher than that of depressive symptoms remission. 

In addition, Keshtkar and colleagues (2011) compared a very low dose (408 pulses, 10 daily 

sessions) l-DLPFC protocol to having 10 electroconvulsive therapy (ECT) sessions in treating 

suicidal behavior in a sample of unipolar MDD patients. Both interventions significantly decreased 

depression and suicidal ideation, though ECT decreased them more than rTMS. However, TMS 

showed high rates of safety and tolerability.  

Finally, Fitzgerald et al. (2018) compared l-DLPF rTMS with an accelerated rTMS protocol, using 

l-DLPF rTMS provided in an intensive rTMS schedule (3.500 pulses per session, 3 sessions per day 

over the first 3 days, followed by decreased intensity treatment, lasting overall 3 weeks) to TRD, in 

unipolar or bipolar patients. Both interventions resulted safe and effective and produced significant 

improvements in depression and suicidal ideation, though accelerated treatment was associated with 

a higher rate of reported discomfort. There were no between-group differences in terms of 

depression, suicidal behavior, and cognitive functioning. The accelerated group showed, after 

treatment, improved performance in trail making test, while the standard group showed improved 

performances in digital symbol coding test. 

 

 

[Insert Table 1 here] 

 

 

3.5 Uncontrolled clinical trials, ECT-controlled clinical trials, accelerated TMS-controlled 

clinical trials, retrospective studies   

Five uncontrolled studies evaluated the effectiveness of l-DLPFC rTMS, using differently intensive 

protocols. Specifically, one study compared l-DLPFC rTMS with ECT and onother with accelerated 

rTMS, two retrospecive analyses evaluated the effectiveness of l-DLPFC, r-DLPFC, and a 

combination of these, ACC TMS and right and left prefrontal TBS. 

The first study regarded a retrospective analysis implemented by Croarkin and colleagues (2018) in 

which the authors pooled data from 3 prior studies administering a low intensity but quite prolonged 
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(30 sessions over 6-8 weeks) l-DLPFC rTMS treatment to MDD adolescents failing to respond to at 

least one prior trial of antidepressant medication. Treatment was found to be safe and feasible. 

Findings suggested that suicidal ideation improved throughout treatment but this was presumably 

mediated by improvement in depressive symptom severity.  

The retrospective analysis of Abdelnaim et al. (2020) stressed the effectiveness of different TMS 

protocols in improving suicidal ideation in 332 MDD patients. The heterogeneous protocols 

included 1, 10 and 20 Hz stimulation intensity, from 1400 to 2400 pulses per session and from 6 to 

50 sessions. Suicidal ideation changes were correlated with improvements in depressive mood, 

guilt, and global energy.  

A more intensive l-DLPFC rTMS protocol was implemented by Hadley et al. (2011), who treated 

adult depressed patients with either unipolar or bipolar TRD. Globally, suicidal ideation 

significantly decreased over time, especially in the first week of treatment, even tough 3 subjects 

showed a minor increase in suicidal ideation score after 1 week. The magnitude of the improvement 

in suicidal thinking ranged from 0% to 77%. Depression rates decreased too, and by 8 weeks, 66% 

of the subjects showed remission. Quality of life, emotional well-being, energy, physical and social 

functioning levels also increased. Interestingly, one subject receiving rTMS treatment for more than 

2 years experienced relief from depressive symptoms, not reporting adverse effects.  

Deep TMS (DTMS) was used by Berlim and colleagues (Berlim et al., 2014) with the aim of 

treating TRD unipolar patients. Patients showed significant improvements in suicidal ideation, 

anxiety, depression, global psychiatric conditions and quality of life, and no serious adverse events. 

Response and remission rates at week 5 were 70.6 and 41.2%, respectively. 20 Hz TMS stimulation 

was also implemented by Ozcan et al. (2020) with significant improvements in terms of depression, 

suicidal idation and behavior and hopelessness in TRD patients. These improvements were not 

related to the rates of emotion recognition skills that ameliorated, and of cognitive functions that 

remained stable.  

 

 

3.6 Case reports and case series 

Overall, we collected 4 case-series studies, assessing the effectiveness of standard or accelerated 

rTMS. Accelerated TMS (18 Hz, 1980 pulses per session, 4 sessions per day, 5 sessions for a week 

for a month) was used by Fryml et al. (Fryml et al., 2018) in a TRD unipolar post-traumatic stress 

disorder (PTSD) 27 year old patient. the authors reported that at 4-weeks post-treatment follow-up 

suicidal thoughts disappeared and PTSD/depressive were improved. Unfortunately, it was not 

possible to test whether confounding environmental factors might have affected treatment response. 

A less intensive rTMS protocol was additionally performed by Iliceto et al. (2018) who found that 

after 2 years follow-up the TBI depressed patient was recovered from both depression and suicidal 

behavior.  

Despite the absence of manic episodes, 2 out 3 depressed and suicidal adolescents treated by Pan et 

al. (2018) developed hypomania after 4 days of the high dose rTMS treatment (6000 stimuli for a 

daily session, 10 Hz). Improvement rates in suicidal behavior were 40.01%, 100% and 75% as 

highlighted by Rachid et al. [44], who reported that TMS may possibly induce manic or hypomanic 

episodes in patients with depression, who are often taking an antidepressant. The authors added that 

TMS may induce manic switches even though light stimulus parameters are used or the patient is 

taking mood-stabilizers. 
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Finally, Kulkarni et al. (2018) reported the rTMS treatment (26 sessions over 4,5 weeks) of a 

depressed, suicidal inpatient with LF r-DLPFC. The patient improved gradually in depression rates 

and at 3-months follow-up, remission in depression and suicidal behavior was maintained.  

 

[Insert Table 2 here] 

 

 

4. DISCUSSION AND CONCLUSIONS 

4.1 Summary of main findings  

Overall, most of the included studies identified the l-DLPFC as the preferred stimulation area. Other 

selected brain regions were rDLPFC (inhibition stimuli, 1 Hz) and anterior cingulate cortex. The 

stimulation protocols were generally the standard ones of 10Hz, with a motor threshold of 100-

120%, with several impulses ranging from 1200 used in the study of Kulkarni et al. (2018) to 6000 

adopted in the study of Pan and colleagues (2018), George et al. (2014) and Hadley et al. (2011), 

with an average around 3000 pulses. Only one study (Abdelnaim et al., 2020) used DTMS, 

administered via a new "H1" coil, daily, for four weeks, in patients with severe TRD. DTMS was 

associated with improvements in suicidal behavior (ideation and behavior), depression and 

associated anxiety symptoms. Clinical safety was established for DTMS as well. Further studies 

implemented accelerated intermittent Theta Burst Stimulation (iTBS) (Desmyter et al., 2016) - a 

technique providing bursts of high-frequency stimulation (50 Hz), which is thought to affect brain 

function more thoroughly -  and bilateral TMS. As DTMS showed similar outcomes to “classic” 

TMS, bilateral TMS resulted significantly more effective when compared with sham treatments. 

Moreover, accelerated TMS did not appear more effective than l-DLPFC TMS. Two studies 

(Desmyter et al., 2016; Kulkarni et al., 2018) focused on r-DLPFC and stressed the clinical efficacy 

of the treatment, which resulted nevertheless not significant when compared with sham TMS. 

Bilateral TMS resulted instead effective when compared with placebo (Weissman et al., 2018).  

It is important to note that the number of subjects per study was very heterogeneous, ranging from 1 

to 3 patients in case reports/series to more than one hundred (N=164 and 119, respectively) of 

participants in the study conducted by Yesavage et al. (2018) and Fitzgerald et al. (2018). The 

largest study was conducted by Abdelnaim (2020) on 322 patients, divided into 8 different 

treatments. An important discriminant in this study was the inclusion of a sham group, which is 

present only in controlled clinical trials to give a more significant statistical weight to the collected 

data.   

Among controlled studies, bilateral TMS (George et al., 2014) resulted to be the most effective 

form of TMS when compared to placebo, but it has some technical limitations regarding the 

availability and applicability of a bilateral probe. Two reports (Keshtkar et al., 2011; Fitzgerald et 

al., 2018) compared instead l-DLPFC respectively with accelerated TMS and ECT. Accelerated 

TMS did not lead to different outcomes than standard TMS, as ECT demonstrated to be more 

effective than TMS. The most encouraging results in favour of  DLPFC rTMS were those of 

Croarkin et al. (2018), Hadley et al. (2011), Ozcan et al. (2020) and Abdelnaim et al. (2020). In the 

study of Cloarkin et al. (2018), the reduction of suicidal risk was found to be mediated by 

depressive symptoms improvement. Conversely, in the study of Desemyter et al. (2016), changes in 

suicidal ideation were found to be independent of improvements in depression, and in Weissman et 

al. (2018) study the correlation between depressive and suicidal ideation changes was 0.38. In the 
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study of Hadley et al. (2011), improvements were found in suicidal ideation, especially in the first 

week of treatment, and depressive symptoms while Ozcan and colleagues (2020) clearly 

demonstrated the efficacy of TMS on suicidal ideation. Even in 2020, the retrospective study of 

Abdelnaim and colleagues (2020) based on a sample of 320 depressed patients, treated with various 

TMS protocols demonstrated a significant improvement in suicidal ideation, as well as depression 

and global energy. Given the importance and dramatic impact worldwide of suicidal behavior 

(Kuehn, 2020; Baryshnikov et al., 2020), these findings are very relevant as they directly indicate 

that suicidal ideation might be a specific target construct for TMS. 

With regard to age, no significant differences were found in samples composed by adolescents 

(Croarkin et al., 2018; Pan et al., 2018) compared to adult groups. No differences were found in the 

treatment of MDD vs. TRD and between patients taking antidepressant vs. antidepressant free 

patients (Desmyter et al., 2016; Rao et al., 2019), although Fitzgerald and colleagues (2018) found a 

greater percentage of subjects who were not TMS responders among antidepressant free patients. 

This result is consistent with existing well-established evidence about the importance of 

implementing integrated treatments. Moreover, in line with previous findings (Serafini et al., 2015), 

TMS did not affect cognitive functions and according to Ozcan et al. (2020) ameliorated emotion 

recognition abilities. 

With regards to safety, the use of rTMS may be considered a safe, applicable, well accepted and 

reproducible method. However, two of the three MDD adolescents treated by Pan and colleagues 

(2018) reported hypomanic episodes, after l-DLPFC rTMS treatment. This effect would be not 

apparently related to the high number of stimuli but to a possible incorrect diagnosis of MDD. 

Given these findings, it is highly recommended that patients with bipolar disorder, who are 

experiencing a depressive episode, may be treated with a mood stabilizer in combination to rTMS 

while patients diagnosed with MDD reevaluated to consider the possibility that they might suffer 

from bipolar disorder, before rTMS treatment is initiated (Hede et al., 2019; Godman et al., 2019; 

Yee et al., 2019). In case treatment-emergent hypomania or mania occurs, rTMS discontinuation 

should be considered, while continuing mood-stabilizing medications. Overall, although safety in 

treating adolescents with TMS is overall well established (Krishnan et al., 2015), further studies are 

needed to assess the functioning of this technique in neurodevelopmental periods.  

As TMS treatment combined with antidepressant medications for depressive symptoms has a 

certain therapeutic advantage vs. placebo (Wei et al., 2017), magnetic stimulation for suicidal 

behavior seems to lead to overall encouraging results, especially if the protocol involves bilateral 

stimulation. Although we are moving in the correct direction, providing more and more information 

regarding both safety and tolerability, further studies are required to refine the technique, being able 

to standardize treatments and guarantee useful therapeutic support for patients at risk, who do not 

respond to the most common guidelines.  

 

4.2 Main strengths and limitations/shortcomings 

To the best of our knowledge, this is the first review to systematically analyze the efficacy of TMS 

in treating suicidal behavior and this may be considered a strength of this study.  

Anyway, our findings must be considered in the light of the following limitations. First of all, we 

were not able to perform a meta-analysis as outcomes were evaluated differently in the analyzed 

studies . Secondly, the comparison of such different studies in terms of protocol type (e.g., number 
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of trains per sessions, intensity, duration and intensity of treatments), possible concomitant use of 

psychoactive medications - not only antidepressants, and not always specified - age and type of 

patient unavoidably implies the presence of confounding factors. Moreover, the included studies 

were heterogeneous and some reports may have been underpowered (they had very small sample 

sizes) and/or did not include control groups. Furthermore, the inclusion/exclusion of specific studies 

may reflect the individual point of view and may subjectively reflect our experience in the field. 

Furthermore, some of the selected studies did not include control groups. 

 

4.3 Main implications and future directions  

In conclusion, TMS may be considered an effective, safe, and well-tolerated technique in treating 

suicidal behavior. Unfortunately, based on the analyzed studies, it is not clear whether suicidal 

behavior reduction may be mediated, at least in some cases, by depressive symptoms reduction. 

However, the anti-suicidal properties of rTMS protocols seem to be unrelated to active or sham 

stimulation and depression-response. The most effective treatment seems to be bilateral TMS, and 

TMS could be more effective in combination with antidepressants. Given the noninvasive nature of 

rTMS and its safety as a treatment for MDD, the use of this technique as an acute intervention in 

suicidal patients may be very helpful for both patients and clinicians and it is highly recommended 

in the clinical practice. Importantly, rTMS has been found to attenuate multiple suicidal dimensions 

(e.g., suicidal ideation, intensity of suicidal thoughts, suicidal behavior, and suicidal intent). Further 

well-designed, sham-controlled studies are urgently required to test more explicitly the efficacy and 

safety of high-dose rTMS in suicidal patients (both in subjects with active suicide ideation as well 

as those who have recently attempted suicide) and whether, with additional refinement, rTMS may 

represent an alternative method to rapidly attenuate suicidal behavior. As suicidal behavior might be 

a specific target construct for rTMS, the possible inclusion of patients with severe medical 

conditions (e.g., malignant cancer, cardiovascular diseases, etc.) who are even at suicide risk may 

be also considered in clinical settings. Unfortunately, the current practical and regulatory barriers 

restricted the conduction of interventional rTMS trials with suicidal patients (Lefaucheur et al., 

2014). 
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Figure 1. Stages of the screening process 
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Table 1. Most relevant randomized controlled studies on the association between rTMS and 

suicidal behavior 

Auth
or(s), 

year 

Study 
design 

Sample 
characte

ristics 

Stimu
lated 

brain 

region  

Stimul
ation 

freque

ncy 

and 

intensit
y 

Cont
rol 

condi

tion 

Number 
of 

pulses/sess

ions  

Psycho
metric 

instrum

ents  

Limita
tions 

Main 
findings 

Main 
conclus

ions 

Quality 
assessm

ent 

Rao et 

al., 
2019 

Randomiz

ed, single-
blind, 

sham 

controlled 

clinical 

trial. 
CG= r-

DLPFC 

rTMS vs. 

sham 

rTMS. 

30 TBI, 

MDD, 
unipolar, 

AF 

patients. 

MA=40 

y. F=14. 

r-

DLPF
C 

1 Hz; 

110%m
t. 300-p 

trains, 

separate

d by 

60-s II.  
 

Sham 

rTM
S 

1200 p. 20 

daily 
sessions 

over 4 

weeks. 16-

weeks 

post-
treatment 

assessment

. 4 patients 

dropped 

BSSI: 

suicidal 
ideation 

Small 

experi
mental 

group. 

 

Time 

effect 
was 

significa

nt, 

unlike 

time x 
treatmen

t effect. 

There 

were no 

significa
nt 

depressi

on 

remissio

n or 
response 

rate 

differen

ces 

between 
groups. 

TFS. SI, 

depressi
on,  

anxiety, 

sleep 

quality, 

clinical 
conditio

n and 

life 

satisfact

ion life 
improve

ment 

were  

found, 

but no 
SSDG.  

I=1; 

II=1; 
II=2; 

IV=2; 

V=0; 

VI=0; 

TS=6; 
QD=mo

derate 

 

Fitzge

rald et 
al., 

2018 

2-arm 

single 
blind 

randomize

d 

controlled 

trial.CG=s
tandard 

rTMS vs 

a-rTMS 

119 TRD 

outpatien
ts, 

partially 

taking 

antidepre

ssant 
medicati

ons. 

MA= 49 

y. F=66. 

l-

DLPF
C 

A-

rTMS: 
10 Hz, 

120%m

t. 4,2-s 

t, 

separate
d by 

15-s II. 

rTMS: 

10 Hz, 

120% 
mt. 4,2-

s trains, 

separate

d by 

25-s II 
interval

s 

 

rTM

S 

A-rTMS: 

3500 p. 
Week 1: 3 

sessions 

pd over 3 

days, 

Week 2: 3 
sessions 

over 

2 days. 

Week 3: 3 

sessions 
on a day. 

rTMS: 

3150 p., 20 

daily 

sessions, 5 
days pw 

over 4 

weeks. 

FU=4-5-

weeks 
post-

treatment. 

115 

patients 

completed 
the study 

SSI: 

suicidal 
ideation

. 

 Lack 

of 
blindin

g of 

patient

s. Lack 

of 
sham  

group. 

SI 

evaluati
ons 

showed 

at FU a 

significa

nt main 
effect of 

Time(F 

(5428.5

50) = 

2.652; 
p=0.022

). There 

was no 

effect of 

treatmen
t group, 

nor a 

significa

nt time 

by 
group 

interacti

on. 

Depressi

on 
results 

were 

similar. 

There 

were 
some 

significa

nt 

TSF. 

Improve
ments 

in SI 

and 

depressi

on were 
found, 

but no 

SSDG.  

Signific

antly 
greater 

percenta

ge of 

non-

respond
ers were 

AF.  

. 

 

I=2; 

II=2; 
II=2; 

IV=2; 

V=0; 

VI=0; 

TS=8; 
QD=go

od  
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cognitiv

e 

improve

ments. 
Weiss

man 

et al., 
2018 

Randomiz

ed, double 

blind, 
controlled 

clinical 

trials.CG= 
l-DLPFC 
rTMS vs. 

bilateral 

rTMS vs. 
sham 

rTMS. 

1) 

Blumber

ger et al., 
2012. 

68 TRD 

and SI 

outpatien

ts, 
keeping 

antidepre

ssants. 

MA=51,

5 years. 
F=28. 

2) 

Blumber

ger et al., 

2016. 
121 TRD  

outpatien

ts 

keeping 

antidepre
ssants. 

MA=47 

y. F=44. 

33 

patients 
without 

SI were 

removed.  

l-

DLPF

C; BI; 
DLPF

C 

1) LU: 

10 Hz, 

age<60: 
100% 

mt; 

age>60:

120% 

mt. P 
per t: 

age<60: 

50; 

age>60: 

30. N 
of t: 

age<60: 

29; 

age>60:

48+1. 
II: 30.  

BI: 30 

Hz: 

R=1, 

L=10.  
Age<60

: 100% 

mt; 

age>60:

120% 
mt. P 

per t: 

age<60: 

R=100, 

L=50; 
age>60: 

R=100, 

L=30. 

N of t: 

age<60: 
R=4+1, 

L=15; 

age>60: 

L=4+1, 

R=25. 
II: 30. 

2)LU: 

10 Hz, 

120%m

t. P per 
t: 30. N 

of t: 

70.II: 

30. 

BI: Hz: 
R=1, 

L=10, 

120% 

mt. P 

per t: 
R=100, 

R=30. 

N of t: 

R=6, 

L=50. 
II: 30 

Sham 

rTM

S 

1)LU: 

1540 p per 

session. 
BI: R=465 

p per 

session, 

L=750 p 

per 
session. 

15 

sessions 

over 3 

weeks, 
repeated if 

patient did 

not remit. 

13 subjects 

withdrew. 
2) LU: 

2100 p per 

session. 

BI: R=600 

p per 
session, 

L=1500 p 

per 

session. 

15 
sessions 

pw, 

repeated if 

patient did 

not remit. 
16 subjects 

withdrew 

 

HDRS-

17 item 

3 
suicidal 

ideation 

Lack of 

FU. 

Lack of 
specifi

c 

measur

e. 

SI 

resolved 

in 
40,4%, 

26,8% 

and 18, 

8% of 

subjects 
randomi

zed to 

BI, LU 

and 

sham 
rTMS, 

respecti

vely. 

The 

differen
ce in 

resolutio

n 

between 

BI and 
sham 

rTMS 

was 

signfica

nt 
(OR=3,

03; 

95%CI=

1.19-

7.1; 
p=0.2), 

unlike 

the 

differen

ce 
between 

LU and 

sham 

rTMS 

(OR=1.
59; 

95%CI=

0.61-

4.2; 

p=.33). 
The 

correlati

on 

(Pearson 

r) 
between 

change 

in SI 

and in 

depressi
on rates 

was .38 

(p<.001)

. 

TSF. 

Bilatera

l rTMS 
was 

effectiv

e in 

reducin

g 
suicidal 

ideation

, 

whereas 

unilater
al 

wasn’t. 

 

I=2; 

II=2; 

II=0; 
IV=1; 

V=0; 

VI=0: 

TS=5; 

QD=mo
derate  
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Yesav

age et 

al., 

2018 

Double-

blind, 

multicentr

i, sham-
controlled 

randomize

d clinical 

trial. 

GC: l-
DLPFC 

rTMS vs. 
sham 

rTMS. 

164 

veteran 

inpatient

s with 
TRD 

taking 

antidepre

ssants. 

MA= 55 
y. 

F=17,3%

. 

 

l-

DLPF

C 

10 Hz, 

120% 

mt. 4-s 

trains 
duratio

n 

separate

d by 

10-s 
interval

s 

Sham 

rTM

S 

4.000 p. 

5 daily 

sessions 

pw over 4 
weeks. 

Participant

s who 

remitted 

received a
dditional 

sessions 3 

weeks. 125 

participant

s 
completed 

the study. 

FU=6 

months  

 

BSI: 

suicidal 

ideation

. C-
SSRS: 

suicidal 

ideation 

and 

attempts
. 

High 

proport

ion of 

men 
(80.5%

) 

The 

treatmen

t effect 

of rTMS 
for 

suicidali

ty was 

not 

significa
nt 

compare

d with 

sham 

rTMS 
(BSI: 

OR= -

0.54; C-

SSR: 

OR= 
1.02). 

 

TSE but 

not 

effectiv

e on 
suicidali

ty.  The 

high 

proporti

on of 
males 

may be 

importa

nt as 

females 
may 

have a 

better 

respons

e rate to 
rTMS.  

I=2; 

II=2; 

II=2; 

IV=2; 
V=0; 

VI=0; 

TS=8;; 

QD=go

od  

Desm
yter et 

al.,  

2016 

Randomiz
ed, double 

blind, 

sham 

controlled 

trial.CG: 
l-DLPFC 

accelerate

d- iTBS 

vs. sham 

iTBS. 

50 MDD 
unipolar 

AF 

patients, 

failing to 

achieve 
remissio

n after 1 

antidepre

ssant 

treatmen
t. 

MA= 

41,90 y. 

F=35. 

 

l-
DLPF

C 

50 Hz; 
110% 

mt.54 

trains 

of 10 

bursts 
of 3 

stimuli. 

Bursts 

were 

repeate
d every 

200 ms. 

Sham 
rTM

S 

1620 
stimuli. 5 

sessions 

pd over 4 

days. FU: 

1 month 
after 

baseline. 

Tree 

patients 

dropped.  

BSI: 
suicidal 

ideation 

No 
evident 

limitati

ons. 

Post 
hoc pair

ed t-

tests 

showed 

significa
nt 

decline 

(p< 
0.05)  
unrelate

d to 

active or 
sham 

stimulati

on and 

to 

depressi
on 

response

.  

TSE. SI 
and 

depressi

on 

improve

d, but 
no 

DFBG 

was 

found 

The 
antisuici

dal 

effect 

was 

indepen
dent of 

the 

antidepr

essant 

one. 

I=2; 
II=2; 

II=2; 

IV=2; 

V=0; 

VI=0; 
TS=8; 

QD=go

od  

 

Georg

e et 

al., 

2014 

2-site, 2 

arm 

double 

blind 

randomize
d 

controlled 

trial.CG: 

rTMS vs 

sham 
rTMS. 

41 SI 

and/or 

SA 

inpatient

s, in a 
depressi

ve 

episode 

in MDD 

or BD II 
disorders

, taking 

antidepre

ssants. 

AD: 
PTSD, 

or TBI, 

or both. 

MA=42.

5y. 
F=15%. 

l-

DLPF

C 

10 Hz, 

120% 

mt. 5-s 

trains, 

separate
d by 

10-

second 

II. 

 

Sham 

rTM

S 

6000 p. 3 

sessions 

pd for 3 

days. 

FU=6 
months. 23 

patients 

completed 

the study. 

SSI: 

suicidal 

ideation

. 

VAS 
question

naire 

develop

ed for 

suicidal 
ideation 

Relativ

ely 

small 

sample 

size. 

At day 3 

both 

groups 

improve

d when 
using 

SSI and 

VAS. 

Althoug

h there 
is more 

decline 

in the 

TMS 

group, 
the 

differen

ce is not 

statistica

lly 
significa

nt (sham 

mean 

change= 

-24.9, 
95% 

TSE. 

rTMS 

showed 

a rapid 

and 
moderat

e effect, 

On SI 

by day 

3, No 
DFBG 

was 

found.  

I=1; 

II=1; 

II=2; 

IV=2; 

V=0; 
VI=0; 

TS=6; 

QD=mo

derate  
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CI=34.4

-15.3; 

rTMS 

mean 
change= 

-43.8, 

95% 

CI=57.2

-30.3, 
p=.028). 

There is 

no 

SDBG 

in SI 
and 

depressi

on at 

FU.  

Kesht

kar et 

al.,  

2011 

2-arm 

double   

blind 

randomize
d 

controlled 

trial.CG: 

rTMS vs 

ECT 

73 MDD 

patients 

taking 

antidepre
ssants. 

MA=34,

8y. 

F=60%. 

l-

DLPF

C 

Hz not 

indicate

d, 90% 

mt. 
Stimula

tions 

and 

interval

s 
duratio

n not 

indicate

d. 

 
. 

Bilat

eral 

ECT 

408 p, 10 

daily 

sessions. 

60 patients 
completed 

the study.  

 

1,5-week 

TMS 
treatment 

was 

compared 

with 3-

week ECT 
treatment. 

Suicidal 

ideation  

scales 

of BDI 
and 

HDRS.  

Poor 

details 

about 

rTMS 
protoco

l. Lack 

of FU. 

Both 

ECT 

and 

rTMS 
groups 

improve

d in SI 

subscale

s of BDI 
(means: 

1.4-0.5 

and 1,5-

1,2) and 

HDRS 
(means: 

2.3-0.3 

and 1.9-

1.4); 

decrease
s were 

significa

ntly 

higher 

in the 
ECT 

group. 

TSE.  

rTMS 

was 

effectiv
e on SI 

and 

depressi

on, 

tough 
ECT 

showed 

higher 

efficacy 

on both 
variable

s. 

I=2; 

II=2; 

II=0; 

IV=6; 
V=0; 

VI=0; 

TS=5; 

QD=mo

derate  
 

Note: ECT=Electroconvulsive Therapy MDD; TS=Total score; DQ=Quality differentiation; rTMS=repetitive-transcranial magnetic stimulation; l-

DLPFC= left Dorsolateral Prefrontal Cortex; r-DLPFC=right Dorsolateral Prefrontal Cortex; TRD= Treatment -Resistant Depression; C-

SSRS=Columbia Suicide Severity Rating Scale; CDRS-R=Children's Depression Rating Scale, Revised; MDD= Major Depressive Disorder; 

SSI=Scale of Suicidal Ideation PTSD=Post -Traumatic Stress Disorder VAS= Visual-Analogue Scale; TBI= Traumatic Brain Injury; HDRS= 

Hamilton Depression Rating Scale; BDI= Beck Depression Inventory; BSI/BSSI= Beck Scale for Suicide Ideation; BSI-CV=Beck Scale for Suicide 

Ideation-Chinese Version; iTBS=intermittent Theta Burst Stimulation. BD=bipolar disorder; SIS=Suicidal Ideation Scale; ACC= anterior cingulate 

cortex; AF=Antidepressant-Free; MA=Mean Age; F=Females; CG=Comparison Groups; mt=motor threshold; s=seconds; p=pulses; t=trains; 

SI=Suicidal Idetation TSF=Treatment was Safe and Feasible; TS=Total Score; pd=per day; pw=per week; SSDG=Statistically Significant Differences 

between Groups; FU=Follow-Up; a-rTMS=accelerated rTMS; LU=Left Unilateral BI=Bilateral; II=Intertrain Interval; N=Number; y=years; 

ms=milliseconds: AD= Addictional Diagnosis; SA=Suicidal Attempts; EM=Emotional Recognition; HP=Hopelessness; LMCATI= left middle 
cerebral artery territory infarction; SRHD= severe rheumatic heart disease 
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Table 2. Most relevant uncontrolled, retrospective studies or case-reports/series on the 

association between rTMS and suicidal behavior 

Auth
or(s), 

year 

Study 
design 

Sample 
characteris

tics 

Stimu
lated 

brain 

region  

Stimul
ation 

freque

ncy 

and 

intensi
ty 

Cont
rol 

condi

tion 

Number 
of 

pulses/se

ssions  

Psycho
metric 

instru

ments  

Limita
tions 

Main 
findings 

Main 
conclus

ions 

Quality 
assessm

ent 

Ozcan 

et al., 
2020 

Uncont

rolled 
clinical 

trial 

30 TRD 

patients 
taking 

antidepress

ants 

l-

DLPF
C 

20 Hz, 

100% 
mt. 

The 

stimula

tion 

duratio
n of 2 s 

was 

deliver

ed 20 

times 
at 30 s 

interva

ls 

No 

contr
ol 

group 

1000 p, 

5 days 
pw, for 

4–6 

weeks 

SIS: 

suicidal 
ideation

; 

BHS: 

hopeles

sness; 
C-

SSRS: 

suicidal 

ideation

/acts. 

Lack of 

control 
group. 

Lack of 

FU. 

 

Improvem

ents in SI, 
SA, HP  

and 

depression 

were 

significant, 
as EM  

TSE 

and 
effectiv

e on SI, 

SA, HP, 

depressi

on and 
EM, 

this 

indepen

dently 

from SI 
and SA. 

No 

changes 

in 

cognitiv
e 

function

s. 

 

I=2; 

II=0; 
II=0; 

IV=2; 

V=0; 

VI=0;T

S=4; 
QD=mo

derate 

Abdel

naim 

et al., 

2020 

Retrosp

ective 

analysi

s 

332 in- and 

out-patients 

with MDD.  

MA=47,3y. 
F=180. 

l-
DLPF
C 
r-
DLPF

C  
ACC 

1Hz, 

10Hz 

and 20 

Hz 
protoc

ols. 

No 

inform

ation 
about 

motor 

thresh

old. 

No 

contr

ol 

group 

From 

1000 to 

2400 p 

for a 
minimu

m of 6 

up to 50 

sessions 

(17.0±6.
5). 

HAMD 

– item 

3: 

suicidal 
ideation 

Lack of 

sham 

group. 

Lack of 
follow-

up. 

Poor 

details 

about 
protoco

l. Lack 

of 

specific 

measur
es. 

47% of 

patients 

ameliorate

d in SI, 
41.3% did 

not change 

in SI, and 

11.7% 

increased 
in SI. . 

Positive 

association 

were 

found 
between SI 

and drive 

(item 7 

HAM-D) 

TSE 

and 

effectiv

e on Si 
and 

depressi

on with 

a 

medium 
effect 

size.  

I=2; 

II=0; 

II=0; 

IV=1; 
V=0; 

VI=0;T

S=3; 

QD=lo

w 
 

Croar

kin et 

al., 

2018 

Retrosp

ective 

study  

19 

outpatient 

TRD 

adolescents 
with taking 

antidepress

ants. 

MA=16y.F

=68.42%. 

l-

DLPF

C 

10 Hz, 

120% 

mt. 4-s 

trains 

separat

ed by 

26-

second 

II.  

No 

contr

ol 

group 

3000 p. 

30 

sessions 

over 6–8 
weeks.  

17 

patients 

complete

d the 
study 

 

C-

SSRS- 

intensit

y of 
suicidal 

ideation 

scale. 

CDRS-

R item 
13: 

suicide 

attempt

s.  

 

Lack of 

control 

group. 

Small 
experi

mental 

group. 

Lack of 

FU. 

After 

adjusting 

for 

changes in 
depression 

severity, 

the 

decrease in 

SI and SA 
OR 

resulted 

non 

signficant. 

TSE. 

Improv

ements 

in Si 
and SA 

were 

mediate

d by 

depressi
on 

severity 

decreas

e, that 

was  
statistic

ally 

signific

ant 

I=2; 

II=0; 

II=0; 

IV=1; 
V=0; 

VI=0; 

TS=3; 

QD=lo

w  

Fryml Case- A 27-years l- 18 Hz, No 1980 p. 4 No Small At FU SI TSE I=0; 
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et al., 

2018 

report old female  

TRD and 

PTSD 

outpatient 
taking 

antidepress

ants 

DLPF

C 

120% 

mt. 55 

trains, 

separat
ed by 

12-s II. 

 

contr

ol 

group  

sessions 

pd, 5 

days pw 

for 4 
weeks. 

FU=3 

weeks 

post-

treatment  

validate

d 

measure

s 

sample. 

Lack of 

control 

group. 
Lack of 

psycho

metric 

measur

es. 

was 

resolved; 

depression 

and PTSD 
were 

improved. 

and 

effectiv

e on SI, 

depressi
on and 

and 

PTSD. 

II=0; 

II=2; 

IV=0; 

V=0; 
VI=0; 

TS=3; 

QD=lo

w 

 

Iliceto 

et al., 

2018 

Case-

report 

A 37 years 

old male 

outpatient 
in a 

depressive 

episode in a 

BD I, with 

SI and TBI, 
taking 

antidepress

ants  

l-

DLPF

C 

6 Hz, 

120% 

mt. 4-s 
stimula

tions, 

separat

ed by 

26-s II.   

No 

contr

ol 
group  

3000 p. 5 

sessions 

pw for 6 
weeks. 

FU=2 

years  

No 

validate

d 
measure

s. 

Small 

sample. 

Lack of 
control 

group. 

Lack of 

psycho

metric 
measur

es. 

 

After 1 

month SI 

was 
resolved; 

at FU SI 

and 

depression 

were 
resolved. 

 

TSE 

and 

effectiv
e on SI 

and 

depressi

on. 

I=0; 

II=0; 

II=2; 
IV=0; 

V=0; 

VI=0; 

TS=3; 

QD=lo
w 

 

Kulka

rni et 

al., 

2018 

Case-

report 

38-years-

old female 

TRD and 

SA 

inpatient, 
taking 

antidepress

ants. AI= 

LMCATI, 

SRHD.  
 

r-

DLPF

C 

1Hz. 

16 

session

s: 

100% 
mt. 10 

session

s: 

110% 

mt. 30-
s II.  

No 

contr

ol 

group 

16 

sessions: 

1200 p; 

10 

sessions: 
1500 p. 

4,5 

weeks. 

FU= 3 

months. 
 

No 

validate

d 

measure

s. 

Small 

sample. 

Lack of 

control 

group. 
Lack of 

psycho

metric 

measur

es. 

The 

patient 

experience

d 

remission 
in 

depression 

and SI.  

Treatme

nt was 

safe, 

feasible 

and 
effectiv

e on 

suicidal

ity and 

depressi
on. 

I=0; 

II=0; 

II=2; 

IV=0; 

V=0; 
VI=0; 

TS=3; 

QD=lo

w 

 

Pan et 

al., 
2018 

Case-

report 

3 MDD and 

SI 
adolescents 

taking 

antidepress

ants. 

F=2.MA= 
16 y. 

l-

DLPF
C 

10 Hz, 

100% 
mt. 5-s 

trains, 

separat

ed by 

15- s 
II. 

No 

contr
ol 

group 

6000 p.7 

daily 
sessions 

over 1 

week 

BSI-

CV: 
suicidal 

ideation

. 

Small 

sample. 
Lack of 

control 

group. 

Lack of 

specific 
measur

es. FU 

not 

defined

.  

Improvem

ent rates in 
SI were 

40.01%, 

100% and 

75%. 2 

patients 
developed 

hypomania

. 

TSE 

and 
effectiv

e in SI 

and 

depressi

on.  

I=1; 

II=0; 
II=1; 

IV=1; 

V=0; 

VI=0; 

TS=3; 
QD=lo

w 

 

Berli

m et 

al., 

2014 

Uncont

rolled 

clinical 

trial  

17 TRD 

outpatient 

taking 

antidepress
ants. 

MA= 

47.12y. 

F=13. 

l-

DLPF

C 

Deep 

TMS. 

20 Hz, 

120% 
mt. 75 

trains, 

separat

ed by 

2-s IIl. 

No 

contr

ol 

group 

3000 p. 

20 daily 

sessions 

over 4 
weeks. 4 

subjects 

dropped.  

SSI: 

suicidal 

ideation 

Small 

sample 

size. 

Lack of 
control 

group. 

Lack of 

follow-

up. 

Hedges ’ g 

estimates 

for SI=0.6. 

Depressio
n 

response=

70.60% ; 

remission 

41.20%. 

TSE 

and 

effectiv

e in SI 
and 

depressi

on. 

I=1; 

II=0; 

II=0; 

IV=2; 
V=0; 

VI=0; 

TS=3; 

QD=lo

w 

Hadle

y et 

al., 
2011 

Uncont

rolled 

clinical 
trial 

19 TRD 

(MDD or 

BD), taking 
antidepress

ants. 

MA=48 y. 

F=11. 

l-

DLPF

C 

10 Hz, 

120% 

mt.5-s 
trains, 

separat

ed by 

10-s II. 

 

No 

contr

ol 
group  

6800 p. 5 

sessions 

pw, over 
at least 2 

weeks.7s

ubjects 

dropped 

. 

SSI: 

suicidal 

ideation 

Lack of 

control 

group. 
Small 

experi

mental 

group. 

FU not 
defined 

 

The SSI 

scores 

significant
ly 

decreased 

(t125 = 

3.99, p = 

0.0001). 
66% of 

subjects 

showed 

depression  

remission. 
 

TSE 

and 

effectiv
e in SI 

and 

depressi

on. 

 

I=1; 

II=0; 

II=1; 
IV=2; 

V=0; 

VI=0; 

TS=4; 

QD=mo
derate 

 

Note: ECT=Electroconvulsive Therapy MDD; TS=Total score; DQ=Quality differentiation; rTMS=repetitive-transcranial magnetic stimulation; l-

DLPFC= left Dorsolateral Prefrontal Cortex; r-DLPFC=right Dorsolateral Prefrontal Cortex; TRD= Treatment -Resistant Depression; C-
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SSRS=Columbia Suicide Severity Rating Scale; CDRS-R=Children's Depression Rating Scale, Revised; MDD= Major Depressive Disorder; 

SSI=Scale of Suicidal Ideation PTSD=Post -Traumatic Stress Disorder VAS= Visual-Analogue Scale; TBI= Traumatic Brain Injury; HDRS= 

Hamilton Depression Rating Scale; BDI= Beck Depression Inventory; BSI/BSSI= Beck Scale for Suicide Ideation; BSI-CV=Beck Scale for Suicide 

Ideation-Chinese Version; iTBS=intermittent Theta Burst Stimulation. BD=bipolar disorder; SIS=Suicidal Ideation Scale; ACC= anterior cingulate 

cortex; AF=Antidepressant-Free; MA=Mean Age; F=Females; CG=Comparison Groups; mt=motor threshold; s=seconds; p=pulses; t=trains; 

SI=Suicidal Idetation TSF=Treatment was Safe and Feasible; TS=Total Score; pd=per day; pw=per week; SSDG=Statistically Significant Differences 

between Groups; FU=Follow-Up; a-rTMS=accelerated rTMS; LU=Left Unilateral BI=Bilateral; II=Intertrain Interval; N=Number; y=years; 

ms=milliseconds: AD= Addictional Diagnosis; SA=Suicidal Attempts; EM=Emotional Recognition; HP=Hopelessness. LMCATI= left middle 
cerebral artery territory infarction; SRHD= severe rheumatic heart disease 
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Highlights 

 rTMS is effective, globally safe, and well-tolerated in treating suicidal behavior  

 

 DLPFC was identified as the most frequent stimulation brain region in suicidal patients 

 

 Bilateral TMS is more effective in reducing suicide risk in combination with antidepressants 
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