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Background: Repetitive transcranial magnetic stimulation (rTMS) is an effective therapy for treatmentresistant depression. High-frequency (HF) rTMS over the left prefrontal dorsolateral cortex is the most frequently used protocol, low-frequency (LF) rTMS over the right DLPFC seems to be as effective.

Objective: In Montpellier university hospital, patients were first treated with LF-rTMS, and switched to HF-rTMS if they did not respond. A 6-months maintenance treatment was available for the responders.

The aim of this study was to assess the efficacy of this protocol. Methods: 119 patients with treatmentresistant depression were treated between 2009 and 2020. Primary outcome was remission rate according to MADRS. Secondary outcomes were response and remission rates according to MADRS and BDI at the end of treatment, at the end of LF-protocol, and at the end of HF-protocol for patients who did not respond to LF. Clinical and demographic characteristics were analysed as potential predictor of response. Results: Response and remission rates were 47.6 and 22.9 % at the end of treatment, 31 and 17 % at the end of LF-protocol, 38.9 and 12.2 % at the end of HF-protocol. None of the baseline variables were found to be associated with a better response. Among patients who benefited from maintenance treatment, around 50% had relapsed at 6 months. Conclusion: These results encourage changing rTMS protocol in case of non-response to a first-line treatment, and highlight the benefits of maintenance treatment.
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INTRODUCTION

Depression is a common mental health disorder, with an estimated lifetime prevalence of 15 to 20% [START_REF] Kessler | Lifetime prevalence and ageof-onset distributions of DSM-IV disorders in the National Comorbidity Survey Replication[END_REF].It is a major cause of disability worldwide, and can increase morbidity and mortality.

Antidepressant medications are the first-line treatment for moderate to severe depressions, but it is estimated that a significant number of patients do not respond to these medications [START_REF] Rush | Acute and Longer-Term Outcomes in Depressed Outpatients Requiring One or Several Treatment Steps: A STAR*D Report[END_REF], making them candidates to neuromodulation procedures, electroconvulsive therapy (ECT) and repetitive transcranial magnetic stimulation (rTMS). Being the most studied, rTMS, even if less effective than ECT [START_REF] Eranti | A Randomized, Controlled Trial With 6-Month Follow-Up of Repetitive Transcranial Magnetic Stimulation and Electroconvulsive Therapy for Severe Depression[END_REF][START_REF] Berlim | EFFICACY AND ACCEPTABILITY OF HIGH FREQUENCY REPETITIVE TRANSCRANIAL MAGNETIC STIMULATION (rTMS) VERSUS ELECTROCONVULSIVE THERAPY (ECT) FOR MAJOR DEPRESSION: A SYSTEMATIC REVIEW AND META-ANALYSIS OF RANDOMIZED TRIALS: Review: High Frequency rTMS versus ECT for Major Depression[END_REF], has the advantage of being better tolerated and not requiring general anesthesia.

Unipolar resistant depression is commonly defined as the absence of response to two well conducted antidepressants from two different classes. There is no definition of bipolar pharmacoresistant depression, but a recent British expert group published a consensus, defining bipolar pharmacoresistant depression as the absence of response to two lines of well conducted treatments [START_REF] Hidalgo-Mazzei | Treatment-resistant and multi-therapy-resistant criteria for bipolar depression: consensus definition[END_REF]. Treatmentresistant depression (TRD) has a mortality rate increased by 35% compared to non-resistant depression [START_REF] Reutfors | Mortality in treatmentresistant unipolar depression: A register-based cohort study in Sweden[END_REF]. It is therefore a major public health issue.

Repetitive transcranial magnetic stimulation is a non-invasive neuromodulation process, which creates a magnetic field with a coil, inducing neuronal depolarization. For the treatment of depression, mainly two stimulation methods are used: high frequency (HF) over the left dorsolateral prefrontal cortex (DLPFC) or low-frequency (LF) over the right DLPFC. Several meta-analysis of multiple randomized control trials [START_REF] Berlim | A systematic review and meta-analysis on the efficacy and acceptability of bilateral repetitive transcranial magnetic stimulation (rTMS) for treating major depression[END_REF][START_REF] Zhang | Bilateral repetitive transcranial magnetic stimulation for treatment-resistant depression: a systematic review and meta-analysis of randomized controlled trials[END_REF][START_REF] Berlim | Clinically Meaningful Efficacy and Acceptability of Low-Frequency Repetitive Transcranial Magnetic Stimulation (rTMS) for Treating Primary Major Depression: A Meta-Analysis of Randomized, Double-Blind and Sham-Controlled Trials[END_REF][START_REF] Berlim | High-Frequency Repetitive Transcranial Magnetic Stimulation Accelerates and Enhances the Clinical Response to Antidepressants in Major Depression: A Meta-Analysis of Randomized, Double-Blind, and Sham-Controlled Trials[END_REF][START_REF] Kozel | Meta-Analysis of Left Prefrontal Repetitive Transcranial Magnetic Stimulation (rTMS) to Treat Depression[END_REF][START_REF] Schutter | Quantitative review of the efficacy of slow-frequency magnetic brain stimulation in major depressive disorder[END_REF][START_REF] Lam | Repetitive Transcranial Magnetic Stimulation for Treatment-Resistant Depression: A Systematic Review and Metaanalysis[END_REF][START_REF] Berlim | Response, remission and drop-out rates following high-frequency repetitive transcranial magnetic stimulation (rTMS) for treating major depression: a systematic review and meta-analysis of randomized, double-blind and shamcontrolled trials[END_REF][START_REF] Allan | Transcranial Magnetic Stimulation in the Management of Mood Disorders[END_REF][START_REF] Nguyen | The efficacy of repetitive transcranial magnetic stimulation (rTMS) for bipolar depression: A systematic review and metaanalysis[END_REF][START_REF] Wei | Meta-analysis of the Efficacy and Safety of Repetitive Transcranial Magnetic Stimulation (rTMS) in the Treatment of Depression[END_REF][START_REF] Mutz | Comparative efficacy and acceptability of non-surgical brain stimulation for the acute treatment of major depressive episodes in adults: systematic review and network meta-analysis[END_REF][START_REF] Brunoni | Repetitive Transcranial Magnetic Stimulation for the Acute Treatment of Major Depressive Episodes: A Systematic Review With Network Meta-analysis[END_REF][START_REF] Leggett | Repetitive Transcranial Magnetic Stimulation for Treatment-Resistant Depression in Adult and Youth Populations: A Systematic Literature Review and Meta-Analysis[END_REF][START_REF] Liu | Repetitive transcranial magnetic stimulation as an augmentative strategy for treatment-resistant depression, a meta-analysis of randomized, double-blind and sham-controlled study[END_REF][START_REF] Gaynes | Repetitive transcranial magnetic stimulation for treatment-resistant depression: a systematic review and meta-analysis[END_REF]) have demonstrated the superiority of rTMS over sham-stimulation, in unipolar and bipolar treatment-resistant depression.

However, there are only few naturalistic studies, evaluating efficacy of rTMS in treatment-resistant depression in routine clinical practice. Their results are consistent with randomized controlled trials, with response rates between 30 and 60 % in most of the studies [START_REF] Dunner | A Multisite, Naturalistic, Observational Study of Transcranial Magnetic Stimulation for Patients With Pharmacoresistant Major Depressive Disorder: Durability of Benefit Over a 1-Year Follow-Up Period[END_REF][START_REF] Taylor | A naturalistic, multi-site study of repetitive transcranial magnetic stimulation therapy for depression[END_REF][START_REF] Mcgirr | Effectiveness and acceptability of accelerated repetitive transcranial magnetic stimulation (rTMS) for treatmentresistant major depressive disorder: An open label trial[END_REF][START_REF] Berlim | High frequency repetitive transcranial magnetic stimulation as an augmenting strategy in severe treatment-resistant major depression: A prospective 4-week naturalistic trial[END_REF][START_REF] Fitzgerald | Naturalistic Study of the use of Transcranial Magnetic Stimulation in the Treatment of Depressive Relapse[END_REF][START_REF] Fukuda | Repetitive Transcranial Magnetic Stimulation for depression relapse or recurrence: Naturalistic retreatment series outcomes[END_REF][START_REF] Carpenter | TRANSCRANIAL MAGNETIC STIMULATION (TMS) FOR MAJOR DEPRESSION: A MULTISITE, NATURALISTIC, OBSERVATIONAL STUDY OF ACUTE TREATMENT OUTCOMES IN CLINICAL PRACTICE: Research Article: An Observational Study of TMS[END_REF][START_REF] Ciobanu | rTMS for pharmacoresistant major depression in the clinical setting of a psychiatric hospital: Effectiveness and effects of age[END_REF][START_REF] Frank | Transcranial magnetic stimulation for the treatment of depression: feasibility and results under naturalistic conditions: a retrospective analysis[END_REF][START_REF] Aliño | Efficacy of transcranial magnetic stimulation (TMS) in depression: naturalistic study[END_REF][START_REF] Rachid | Repetitive Transcranial Magnetic Stimulation (5 and 10 Hz) With Modified Parameters in the Treatment of Resistant Unipolar and Bipolar Depression in a Private Practice Setting[END_REF][START_REF] Griffiths | Repetitive transcranial magnetic stimulation (rTMS) for depression: outcomes in a United Kingdom (UK) clinical practice[END_REF][START_REF] Dowling | Repetitive transcranial magnetic stimulation for major depression: A naturalistic observational study in an Australian private hospital[END_REF][START_REF] Godfrey | An open-label feasibility study of repetitive transcranial magnetic stimulation (rTMS) for treatment-resistant depression in the New Zealand healthcare context[END_REF][START_REF] Conelea | Transcranial magnetic stimulation for treatment-resistant depression: Naturalistic treatment outcomes for younger versus older patients[END_REF][START_REF] Philip | 5Hz Repetitive transcranial magnetic stimulation to left prefrontal cortex for major depression[END_REF][START_REF] Galletly | A Comparison of Right Unilateral and Sequential Bilateral Repetitive Transcranial Magnetic Stimulation for Major Depression: A Naturalistic Clinical Australian Study[END_REF][START_REF] Carnell | How effective is repetitive transcranial magnetic stimulation for bipolar depression?[END_REF].

In most of these naturalistic studies, high frequency rTMS over the left dorsolateral prefrontal cortex was used. The present study uses a duration-adaptative treatment design that allows patients to receive up to 60 sessions of rTMS with medical assessment every 15 sessions. This study examines the efficacy of switching to HF rTMS for non-responders to LF rTMS and the efficacy of a maintenance treatment.

In Montpellier, rTMS has been used since 2009 for treatment-resistant depression. Patients are addressed by their referent psychiatrist. This is, to our knowledge, the first study evaluating the efficacy of HF-rTMS for patients who did not respond to LF-rTMS, as well as the first naturalistic study assessing results for LF-rTMS only. Plus, it includes data from maintenance treatment, which is rarely reported in this type of study.

MATERIAL AND METHODS:

This is a naturalistic, observational, retrospective study, conducted in Montpellier University Hospital

Subjects:

Patients were eligible to the rTMS protocol if they were over 18, suffered from a major depressive episode according to DSM IV criteria, and did not respond to at least two antidepressant medications, with optimal dosage and duration. MADRS score at baseline had to be > 21.

Written informed consent was obtained from all participant.

Exclusion criteria were contraindication to rTMS (intra-cranial foreign object, non-stabilized epilepsy, cochlear implant, pacemaker, pregnancy, non-stabilized medical affection).

119 patients were included, all of them benefited from rTMS in Montpellier University Hospital between 2009 and 2020. Current treatment was not modified.

rTMS procedure:

First-line treatment was one cure of 15 sessions of low-frequency rTMS over the right prefrontal dorsolateral cortex. Then, depending on the clinical response, several options were considered: in case of excellent clinical response, a six-months consolidation treatment of LF rTMS was proposed. In case of minimal response but with a hope of better improvement, a second cure of 15 sessions of right LF rTMS was proposed. In case of absence of response after one LF cure or insufficient response after 2 cures, a change of protocol was made, and one or two cures of 15 sessions of high-frequency rTMS over the left prefrontal dorsolateral cortex was undergone. In that case, if clinical response was satisfying, a sixmonths consolidation treatment was proposed; if not, rTMS was stopped. See figure 1.

All the therapeutical decisions were based on clinical criteria, and not on the scales used for the study.

Treatment parameters:

The medical device (Super Rapid 2 from Magstim company) has a CE label and has the FDA agreement for treatment-resistant depression.

LF rTMS was administered at 1 Hz over the right prefrontal dorsolateral cortex at 120% of motor threshold, patients received 6 trains of 60 seconds stimulation separated by 30-seconds inter train periods, for a session duration of 8 min 30 s and a total of 360 pulses. This protocol has proven its efficacy in a French multicenter trial [START_REF] Brunelin | The Efficacy and Safety of Low Frequency Repetitive Transcranial Magnetic Stimulation for Treatment-resistant Depression: The Results From a Large Multicenter French RCT[END_REF]. HF rTMS was administered at 10 Hz over the left prefrontal dorsolateral cortex at 110% of motor threshold, patients received 40 trains of 5 seconds stimulation separated by 25-seconds intertrain periods, for a session duration of 20 minutes and a total of 2000 pulses. Sessions were daily or twice daily five days per week.

The resting motor threshold was determined using visual methods (visible contraction of the thumb) [START_REF] Pridmore | Motor threshold in transcranial magnetic stimulation: a comparison of a neurophysiological method and a visualization of movement method[END_REF] and was reassessed every 15 sessions. Site of stimulation was determined, during the first years, using the 6 cm method (6 cm forward from motor site in a sagittal plan), then using the Beam-F3 method [START_REF] Beam | An efficient and accurate new method for locating the F3 position for prefrontal TMS applications[END_REF]. During the stimulation, the patient was instructed not to sleep and was allowed to talk with the nurse.

Outcome measures:

For the measurement of efficacy, Beck Depression Inventory (BDI) [START_REF] Beck | An inventory for measuring depression[END_REF] and Montgomery-Adsberg Depression Rating Scale (MADRS) [START_REF] Montgomery | A new depression scale designed to be sensitive to change[END_REF] scales were assessed before treatment, at the end of each 15 sessions, and in case of consolidation protocol, at 1, 3 and 6 months after the end of the initial protocol.

Side effects were assessed by the nurse at each session and the physician every 15 sessions.

Demographic information, diagnosis, treatment, treatment resistance, duration of the episode and of the disease were collected by the physician during the first consultation.

Statistical analysis :

The primary outcome was the remission rate based on the MADRS. duration was analyzed as a qualitative variable (<24 months vs > 24 months), since the efficacy of rTMS in chronic depression seems to be uncertain [START_REF] Van Eijndhoven | A randomized controlled trial of a standard 4-week protocol of repetitive transcranial magnetic stimulation in severe treatment resistant depression[END_REF].

For the descriptive analysis, qualitative variables were described with their numbers and associated percentage. Quantitative variables were described with their means and standard deviation. Baseline BDI score 36.9 ± 10.1

Treatment outcomes

The average number of rTMS sessions across the acute phase was 32.7.

There was a statistically significant improvement of both MADRS and BDI scores from baseline at the end of the rTMS treatment (-12.9; p < 0.0001 and -12.85; p <0.0001 respectively).

Regarding the primary outcome, MADRS remission rate at the end of rTMS-treatment (all protocols combined) was 22.9%. MADRS response rate was 47.6%. Response and remission rates according to the BDI were 46.4% and 33.7%, respectively.

In detail, at the end of low-frequency rTMS protocol, response and remission rates were 31% and 17% according to the MADRS; 29.1 % and 22% according to the BDI.

Among patients with an insufficient response to LF-rTMS and who were then treated with HF-rTMS, response and remission rates were 38.9% and 12.2% according the MADRS, 34.8% and 25.5% according to the BDI.

Predictive factors of response, analysis of moderators of treatment outcome

Among the analysed parameters (gender, age, main diagnosis, episode duration, disease duration, number of current treatments, number of failed pharmacological treatments, baseline MADRS score), none of them was associated with a significantly better response rate, in the univariate and multivariate analyses.

A comparison was made between the population that responded to HF-rTMS and the population that responded to LF-rTMS. Patients that responded to HF-rTMS had a higher mean number of failed pharmacological treatments during the episode (8.6 vs 6.3, p<0.05). There was no other difference in the clinical and demographical characteristics of the two populations.

Safety and tolerability

No serious adverse event occurred during the course of treatment, particularly no seizure. For 6 patients, poor tolerance caused a change in the protocol. Two patients had to stop rTMS because of side-effects during low-frequency protocol, two who were supposed to switch to high-frequency protocol did not because of mediocre tolerance of low-frequency, two had to stop high-frequency protocol (one of them switched back to low-frequency). Main side-effects were headaches and discomfort in the stimulation area. Results of this study show that rTMS is an effective therapy for treatment-resistant depression, and that therapeutical response to high-frequency rTMS can be high even in case of non-response to lowfrequency rTMS. Naturalistic studies are important to assess the efficacy and acceptability of treatment in clinical practice due to non-research patients often having a high rate of psychiatric and somatic comorbidity. In this one, response and remission rates are consistent with those found in both shamcontrolled randomized clinical trials and other naturalistic studies. Depending on the depression scales used, response rate is usually between 30 and 60%. This is higher than the 16.8 % response rate to a third-line pharmacological treatment, as reported in the STAR*D study [START_REF] Rush | Acute and Longer-Term Outcomes in Depressed Outpatients Requiring One or Several Treatment Steps: A STAR*D Report[END_REF].

European recommendations are in favour of rTMS treatment for major depressive disorder after failure of one well-conducted antidepressant medication [START_REF] Van Eijndhoven | A randomized controlled trial of a standard 4-week protocol of repetitive transcranial magnetic stimulation in severe treatment resistant depression[END_REF].

Diminution of BDI and MADRS scores from baseline was highly significant, like in other rTMS studies.

The study population was similar to those found in other naturalistic studies for the mean age and gender ratio [START_REF] Carpenter | TRANSCRANIAL MAGNETIC STIMULATION (TMS) FOR MAJOR DEPRESSION: A MULTISITE, NATURALISTIC, OBSERVATIONAL STUDY OF ACUTE TREATMENT OUTCOMES IN CLINICAL PRACTICE: Research Article: An Observational Study of TMS[END_REF][START_REF] Frank | Transcranial magnetic stimulation for the treatment of depression: feasibility and results under naturalistic conditions: a retrospective analysis[END_REF][START_REF] Aliño | Efficacy of transcranial magnetic stimulation (TMS) in depression: naturalistic study[END_REF][START_REF] Dowling | Repetitive transcranial magnetic stimulation for major depression: A naturalistic observational study in an Australian private hospital[END_REF][START_REF] Conelea | Transcranial magnetic stimulation for treatment-resistant depression: Naturalistic treatment outcomes for younger versus older patients[END_REF][START_REF] Carnell | How effective is repetitive transcranial magnetic stimulation for bipolar depression?[END_REF] but is different in terms of treatment resistance level (8 treatment failures) and episode duration (34 months) that implies a very difficult to treat population. Patients were often addressed by their referent psychiatrists after several years of therapeutical stagnation. In other similar naturalistic studies, the number of failed pharmacological treatments was either not reported or inferior ; 2 to 6,6 [START_REF] Berlim | High frequency repetitive transcranial magnetic stimulation as an augmenting strategy in severe treatment-resistant major depression: A prospective 4-week naturalistic trial[END_REF][START_REF] Carpenter | TRANSCRANIAL MAGNETIC STIMULATION (TMS) FOR MAJOR DEPRESSION: A MULTISITE, NATURALISTIC, OBSERVATIONAL STUDY OF ACUTE TREATMENT OUTCOMES IN CLINICAL PRACTICE: Research Article: An Observational Study of TMS[END_REF][START_REF] Aliño | Efficacy of transcranial magnetic stimulation (TMS) in depression: naturalistic study[END_REF][START_REF] Philip | 5Hz Repetitive transcranial magnetic stimulation to left prefrontal cortex for major depression[END_REF]. The relatively high response rate in this population suggests that rTMS can be an interesting treatment even for patients with a high level of resistance. Besides, there was no statistically significant difference in the response and remission rates according to the number of failed pharmacological treatment or the duration of current episode.

None of the other baseline sociodemographic or clinical characteristics were associated with a statistically better response or remission rate. This is consistent with the existing literature, most of the studies didn't find any reliable predictive response factors. Contradictory results exist concerning age, a higher age is sometimes found associated with a statistically significant lower response [START_REF] Carpenter | TRANSCRANIAL MAGNETIC STIMULATION (TMS) FOR MAJOR DEPRESSION: A MULTISITE, NATURALISTIC, OBSERVATIONAL STUDY OF ACUTE TREATMENT OUTCOMES IN CLINICAL PRACTICE: Research Article: An Observational Study of TMS[END_REF][START_REF] Lefaucheur | French guidelines on the use of repetitive transcranial magnetic stimulation (rTMS): safety and therapeutic indications[END_REF][START_REF] Aguirre | Age predicts lowfrequency transcranial magnetic stimulation efficacy in major depression[END_REF],

sometimes not [START_REF] Ciobanu | rTMS for pharmacoresistant major depression in the clinical setting of a psychiatric hospital: Effectiveness and effects of age[END_REF][START_REF] Frank | Transcranial magnetic stimulation for the treatment of depression: feasibility and results under naturalistic conditions: a retrospective analysis[END_REF][START_REF] Griffiths | Repetitive transcranial magnetic stimulation (rTMS) for depression: outcomes in a United Kingdom (UK) clinical practice[END_REF][START_REF] Dowling | Repetitive transcranial magnetic stimulation for major depression: A naturalistic observational study in an Australian private hospital[END_REF]. There are also contrasting results for baseline depression scores, a lower score [START_REF] Carpenter | TRANSCRANIAL MAGNETIC STIMULATION (TMS) FOR MAJOR DEPRESSION: A MULTISITE, NATURALISTIC, OBSERVATIONAL STUDY OF ACUTE TREATMENT OUTCOMES IN CLINICAL PRACTICE: Research Article: An Observational Study of TMS[END_REF] or on the contrary a higher score [START_REF] Dowling | Repetitive transcranial magnetic stimulation for major depression: A naturalistic observational study in an Australian private hospital[END_REF] can both be found to be a statistically significant predictive response factors.

Number of failed treatment during the episode is also sometimes found as a negative predictor of response to rTMS [START_REF] Aguirre | Age predicts lowfrequency transcranial magnetic stimulation efficacy in major depression[END_REF][START_REF] Fregni | Predictors of antidepressant response in clinical trials of transcranial magnetic stimulation[END_REF].

Several meta-analysis and naturalistic studies compared low-frequency rTMS over the right prefrontal dorsolateral cortex and high-frequency rTMS over the left prefrontal dorsolateral cortex [START_REF] Mutz | Comparative efficacy and acceptability of non-surgical brain stimulation for the acute treatment of major depressive episodes in adults: systematic review and network meta-analysis[END_REF][START_REF] Leggett | Repetitive Transcranial Magnetic Stimulation for Treatment-Resistant Depression in Adult and Youth Populations: A Systematic Literature Review and Meta-Analysis[END_REF][START_REF] Ciobanu | rTMS for pharmacoresistant major depression in the clinical setting of a psychiatric hospital: Effectiveness and effects of age[END_REF][START_REF] Trevizol | Predictors of remission after repetitive transcranial magnetic stimulation for the treatment of major depressive disorder: An analysis from the randomised non-inferiority THREE-D trial[END_REF],

none of them found a statistically significant difference between the two protocols. LF-rTMS is usually better tolerated, with a lower risk of seizure in particular, that is why this was the first-line treatment in this protocol. Besides, the duration of a low-frequency rTMS session is shorter than a high-frequency session (8.30 vs 20 minutes) and is less likely to cause a coil overheat.

The response and remission rates in right-low frequency observed in this study are consistent with this, with results within the range of usually observed response/remission rates.

Among patients who did not respond to LF rTMS, around 40 % obtained a clinical response when switching to the high-frequency left protocol. This rate is interesting, because it is similar to response rate of patients who had never been treated with rTMS. We could have expected a lower response rate in that case. There may be two reasons to explain these results. First, the remission rate may depend on the number of sessions as shown by some studies [START_REF] Cao | Response and Remission Rates Following High-Frequency vs. Low-Frequency Repetitive Transcranial Magnetic Stimulation (rTMS) Over Right DLPFC for Treating Major Depressive Disorder (MDD): A Meta-Analysis of Randomized, Double-Blind Trials[END_REF]. Second, the TRD population is heterogeneous in terms of neurobiological underpinnings. A subgroup of TRD may be sensitive to LF rTMS and another subgroup may be sensitive to HF rTMS [START_REF] Beuzon | Predictors of response to repetitive transcranial magnetic stimulation (rTMS) in the treatment of major depressive disorder[END_REF]. It would be useful to capture the predictive factors to response to one or another therapy. Outside of a slightly higher level of treatment-resistance in the HFresponders, our study did not find a difference in these two subgroups but future investigations may find biomarkers either electrophysiological or imaging.

To our knowledge, this is the first naturalistic study to analyse this protocol change. An open-label study found a 26% remission rate with right low-frequency rTMS among 81 patients who did not respond to left high-frequency rTMS [START_REF] Speer | Opposite effects of high and low frequency rTMS on mood in depressed patients: relationship to baseline cerebral activity on PET[END_REF].

Very few studies have been published about maintenance rTMS after acute rTMS treatment, and have inhomogeneous results. An open-label trial found a 71% relapse rate at one year with maintenance rTMS [START_REF] Fitzgerald | An open label trial of clustered maintenance rTMS for patients with refractory depression[END_REF], another one 62% sustained response at 6 months [START_REF] Connolly | Effectiveness of transcranial magnetic stimulation in clinical practice post-FDA approval in the United States: results observed with the first 100 consecutive cases of depression at an academic medical center[END_REF]. Another trial compared the clinical evolution of 59 responders to acute rTMS, among them, over a period of 20 weeks, 37 had maintenance treatment, 22 did not. Relapse rate was significantly higher in the non-maintenance group (37.8% vs 81.8%) [START_REF] Richieri | Maintenance transcranial magnetic stimulation reduces depression relapse: a propensity-adjusted analysis[END_REF]. A randomized control trial evaluated efficacy of 8 months rTMS maintenance over 17 patients who responded to rTMS : depression score was significantly better in the active groupe between the first and fourth month [START_REF] Benadhira | A randomized, shamcontrolled study of maintenance rTMS for treatment-resistant depression (TRD)[END_REF].

In our study, at least 50% of the patients experimented relapse within the 6 months following acute rTMS treatment. One hypothesis is that a fornightly period between two rTMS session is insufficient to maintain the antidepressant effect.

No serious adverse effects, including seizure induction, occurred during the protocol. Adherence rate was high, only a few patients (4) interrupted rTMS because of adverse events (mostly headaches). rTMS is known to be a generally well tolerated treatment, with few side effects ; in a meta-analysis, there was no statistically significant difference in drop-out rates due to adverse event between active and sham rTMS groups [START_REF] Wei | Meta-analysis of the Efficacy and Safety of Repetitive Transcranial Magnetic Stimulation (rTMS) in the Treatment of Depression[END_REF].

The main limitation of this study was the loss of data due to the retrospective analysis, for many patients, especially those treated during the first years of the initiation of the protocol (between 2009 and 2013) when data were not recorded on computer. For example, for the main outcome measures, 8

patients could not be included in the analysis due to the absence of final MADRS score. Another limitation is the absence of comparison with a sham group, knowing that a part of the therapeutical response is likely due to other factors than rTMS. The presence of nurses during sessions is likely
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  Mean differences in the MADRS and BDI change post-treatment vs baseline were compared with a Student test for matched data.For the analyses of potential predictive factors of response, Chi-square test was used for qualitative variables (main diagnosis, gender, episode duration); Wilcoxon test was used for quantitative variables (age, number of failed pharmacological treatments, baseline depression scores, number of current treatments, disease duration). All the analyses were performed with SAS 9.4 software.

Figure 1 .

 1 Figure 1. rTMS protocol

Figure 2 .

 2 Figure 2. Flowchart

Maîtres de conférences des universités -Médecine générale MCU-MG de 1 ère classe COSTA David MCU-MG de 2 ème classe

  

	JEZIORSKI Éric MIOT Stéphanie		Pédiatrie Médecine interne ; gériatrie et biologie du vieillissement ; addictologie
	KUSTER Nils		Biochimie et biologie moléculaire
	PINETON DE CHAMBRUN Guillaume	Gastroentérologie ; hépatologie ; addictologie
	MCU-PH de 1 ère classe SOUCHE François-Régis		Chirurgie viscérale et digestive
	MAKINSON Alain		Maladies infectieuses, Maladies tropicales
	BERTRAND Martin		Anatomie
	PANTEL Alix		Bactériologie-virologie ; hygiène hospitalière
	BOUDOUSQ Vincent		Biophysique et médecine nucléaire
	PERS Yves-Marie		Thérapeutique ; addictologie
	BOURGIER Céline		Cancérologie ; Radiothérapie
	BRET Caroline ROUBILLE Camille		Hématologie biologique Médecine interne ; gériatrie et biologie du vieillissement ; addictologie
	COSSEE Mireille SZABLEWSKY Vanessa		Génétique Anatomie et cytologie pathologiques
	GIRARDET-BESSIS Anne		Biochimie et biologie moléculaire
	LAVIGNE Géraldine		Hématologie ; transfusion
	LESAGE François-Xavier		Médecine et Santé au Travail
	MATHIEU Olivier		Pharmacologie fondamentale ; pharmacologie clinique ; addictologie
	MENJOT de CHAMPFLEUR Nicolas	Radiologie et imagerie médicale
	MOUZAT Kévin		Biochimie et biologie moléculaire
	FOLCO-LOGNOS Béatrice	
	BADIOU Stéphanie OLIE Emilie OUDE ENGBERINK Agnès		Psychiatrie d'adultes ; addictologie Biochimie et biologie moléculaire
	BOULLE Nathalie PANABIERES Catherine		Biologie cellulaire Biologie cellulaire
	CACHEUX-RATABOUL Valère PHILIBERT Pascal Maîtres de conférences associés -Médecine générale Génétique Biologie et médecine du développement et de la reproduction ; gynécologie médicale
	CARRIERE Christian RAVEL Christophe LOPEZ Antonio		Bactériologie-virologie ; hygiène hospitalière Parasitologie et mycologie
	CHARACHON Sylvie SCHUSTER-BECK Iris MILLION Elodie		Physiologie Bactériologie-virologie ; hygiène hospitalière
	PAVAGEAU Sylvain	
	FABBRO-PERAY Pascale STERKERS Yvon REBOUL Marie-Catherine		Epidémiologie, économie de la santé et prévention Parasitologie et mycologie
	GIANSILY-BLAIZOT Muriel THEVENIN-RENE Céline SERAYET Philippe		Hématologie ; transfusion Immunologie
	HILLAIRE-BUYS Dominique TUAILLON Edouard	Bactériologie-virologie ; hygiène hospitalière Pharmacologie fondamentale ; pharmacologie clinique ; addictologie Praticiens hospitaliers universitaires
	PUJOL Joseph MCU-PH de 2 ème classe BARATEAU Lucie		Anatomie Physiologie
	RICHARD Bruno CHIRIAC Anca BASTIDE Sophie		Médecine palliative Immunologie Epidémiologie, économie de la santé et prévention
	RISPAIL Philippe SEGONDY Michel DE JONG Audrey DAIEN Claire DU THANH Aurélie GATINOIS Vincent		Parasitologie et mycologie Anesthésiologie-réanimation et médecine péri-Rhumatologie opératoire Bactériologie-virologie ; hygiène hospitalière Dermato-vénéréologie Histologie, embryologie et cytogénétique
	GOUZI Farès GOULABCHAND Radjiv		Physiologie Médecine interne ; gériatrie et biologie du vieillissement ; addictologie
	HERRERO Astrid LATTUCA Benoit		Chirurgie viscérale et digestive Cardiologie

Efficacy of high frequency rTMS for non-responders to low frequency rTMS, a naturalistic study in treatment-resistant depression in a French academic center.

  Merci en particulier à Lydie, pour m'avoir soutenu au cours d'un de mes premiers stages au CHU, à l'équipe d'Euzière pour votre convivialité.

	Sommaire
	Abstract……………………………………………………………………………………………………………………………19
	Introduction (français)……………………………………………………………………………………………………..20
	Introduction…………………………………………………………………………………………………………………….22
	Material and methods……………………………………………………………………………………………………..23
	Subjects……………………………………………………………………………………………………………….23
	rTMS procedure…………………………………………………………………………………………………..23
	Treatment parameters…………………………………………………………………………………………24
	Outcome measures………………………………………………………………………………………………24
	Statistical analysis………………………………………………………………………………………………..25
	Results…………………………………………………………………………………………………………………………….26
	Demographic and clinical characteristics
	of study population……………………………………………………………………………………………..26
	Treatment outcomes…………………………………………………………………………………………..27
	Predictive factors of response, analysis of
	moderators of treatment outcomes……………………………………………………………………28
	Safety and tolerability…………………………………………………………………………………………28
	Maintenance………………………………………………………………………………………………………29
	Discussion………………………………………………………………………………………………………………………30
	Conclusion……………………………………………………………………………………………………………………..33
	Conflict of interest………………………………………………………………………………………………33
	Contributors……………………………………………………………………………………………………….33
	Acknowledgements…………………………………………………………………………………………….33
	References…………………………………………………………………………………………………………………….34
	Serment…………………………………………………………………………………………………………………………39
	Résumés et mots-clés…………………………………………………………………………………………………….40

INTRODUCTION

La dépression est une maladie psychiatrique fréquente, on estime sa prévalence vie entière entre 15 et 20%. Elle est une cause majeure d'incapacité dans le monde, et augmente la morbidité et la mortalité.

Les médicaments antidépresseurs sont le traitement de première ligne des dépressions modérées à sévères, cependant une proportion significative des patients ne répond pas à ces traitements. Les techniques de neuromodulation, en particulier l'électroconvulsivothérapie (ECT) et la stimulation magnétique transcrânienne répétée (rTMS) sont des alternatives intéressantes. La rTMS, bien que moins efficace que l'ECT, a l'avantage d'être mieux tolérée et de ne pas nécessiter d'anesthésie générale.

La dépression unipolaire résistante est généralement définie par l'absence de réponse à deux traitements antidépresseurs de deux classes différentes, à posologie et durée efficaces. Il n'y a pas de définition officielle de la dépression bipolaire résistante, cependant un groupe d'experts britanniques a récemment proposé de la définir par l'absence de réponse à deux lignes de traitement bien conduites.

La dépression résistante entraine une augmentation de 35% de la mortalité par rapport à la dépression non résistante, il s'agit donc d'un problème majeur de santé publique.

La rTMS est une

technique de neuromodulation non-invasive, basée sur l'induction d'un champ magnétique par une bobine, entraînant une dépolarisation neuronale. Pour le traitement de la dépression, deux protocoles sont principalement utilisés : rTMS haute-fréquence sur le cortex préfrontal dorsolatéral gauche, et rTMS basse-fréquence sur le CPFDL droit. Plusieurs méta-analyses d'essais cliniques randomisés ont démontré la supériorité de la rTMS versus placebo, dans la dépression résistante unipolaire et bipolaire. Cependant, il y a moins d'études naturalistiques, évaluant l'efficacité de la rTMS en population clinique de routine. Leurs résultats sont similaires à ceux des essais cliniques, avec un taux de réponse compris entre 30 et 60%. La plupart des études naturalistiques évaluent l'efficacité de la rTMS haute-fréquence. Dans cette étude, un protocole adaptatif est utilisé, permettant aux patients de recevoir jusqu'à 60 séances de rTMS avec évaluation médicale toutes les 15 séances. Les patients n'ayant pas répondu à la rTMS basse-fréquence ont ensuite été traités par rTMS haute-fréquence. Elle évalue aussi l'efficacité d'un traitement de consolidation.

  Remission was defined by a MADRS score ≤10. Secondary outcomes were response rate, defined by a >50 % reduction of MADRS score, remission and response rates based on the BDI score (remission if BDI < 15, response if 50% diminution of the BDI score), evolution on MADRS and BDI scores during the consolidation treatment, and predictive factors of response according to several criteria (age, gender, number of current antidepressant treatments, number of failed antidepressant or potentializing treatment in current episode, episode duration, disease duration, main diagnosis, baseline depression scores). Episode

Table 1 . Demographic and clinical characteristics of study population

 1 

	Variable	Value
	Age (mean ± SD)	52 ± 13.3
	Age range	19-83
	Gender	
	Male	39 (33.3%)
	Female	77 (66.7%)
	Main diagnosis	
	Bipolar depression	31 (26.7%)
	Unipolar depression	85 (73.3%)
	Failed pharmacological treatment	8 ± 4.3
	during the current episode	
	Duration of current episode	34 ± 33.5
	(months)	
	Disease duration (months)	207 ± 146
	Baseline MADRS score	31.6 ± 5.9

Table 2 . Treatment outcomes: categorical variables End of treatment End of LF-protocol End of HF-protocol MADRS

 2 

	Response rate	47.6%	31%	38.9%
	Remission rate	22.9%	17%	12.2%
	BDI			
	Response rate	46.4%	29.1%	34.8%
	Remission rate	33.7%	22.2%	25.5%

Table 3 . Treatment outcomes : continuous variables

 3 

	Variables	Mean difference (SD)	P value
	MADRS before and after treatment	12.90 (10.74)	<0.0001
	BDI before and after treatment	12.85 (12.86)	<0.0001
	DISCUSSION :		

Mots clés : stimulation magnétique transcrânienne ; dépression résistante ; naturalistique ; rTMS basse fréquence ; rTMS haute fréquence
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A Montpellier, la rTMS dans la prise en charge de la dépression résistante est utilisée depuis 2009. Les patients sont adressés par leur psychiatre traitant.

A notre connaissance, il s'agit de la première étude à évaluer l'efficacité de la rTMS haute-fréquence chez des patients n'ayant pas répondu à la basse-fréquence, ainsi que de la première à publier des résultats portant uniquement sur la basse-fréquence. Par ailleurs, elle comporte des données de traitement de consolidation, ce qui est rarement publié dans ce type d'étude.

responsible for part of the clinical benefit. It is known that placebo is part of response to rTMS, with significative effect on depression scores [START_REF] Fitzgerald | An open label trial of clustered maintenance rTMS for patients with refractory depression[END_REF].

CONCLUSION :

In this naturalistic study, efficacy of rTMS among patients with treatment resistant depression is consistent with the published literature. For the non-responders to LF rTMS, HF rTMS seems to be an interesting treatment. None of the potential predictive factors analysed showed a significative difference in clinical response.
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Résumé

La dépression est une maladie mentale fréquente (prévalence vie entière d'environ 15 à 20%) et invalidante, qui entraîne une augmentation de la morbi-mortalité. Les médicaments antidépresseurs constituent le traitement de première ligne de la dépression, cependant 20 à 40 % des patients n'obtiennent pas de réponse clinique satisfaisante, même avec plusieurs lignes de traitement bien conduites. La stimulation magnétique transcrânienne répétée (rTMS) est une technique de neuromodulation non invasive ayant démontré son efficacité dans la dépression résistante unipolaire ou bipolaire au travers de nombreuses méta-analyses d'essais cliniques randomisés vs placebo, ainsi que d'études naturalistiques. Dans la plupart des études, un protocole de rTMS haute fréquence stimulant le cortex préfrontal dorsolatéral gauche est utilisé, d'autres études utilisent un protocole basse fréquence stimulant le cortex préfrontal dorsolatéral droit, les méta-analyses comparant ces deux protocoles ne retrouvant pas de différence significative.

Dans cette étude naturalistique rétrospective réalisée au CHU de Montpellier, les patients présentant une dépression pharmacorésistante étaient inclus dans un protocole de rTMS basse fréquence, puis en cas de réponse insuffisante le protocole était changé pour de la rTMS en haute fréquence. Le taux de réponse et de rémission étaient mesurés, et des facteurs sociodémographiques ou cliniques associées à une meilleure réponse recherchés.

Parmi les 119 patients inclus dans l'étude, 47,6% ont répondu à la rTMS, et 22,9 % étaient en rémission à la fin du traitement, selon l'échelle MADRS. Les taux de réponse et rémission à la fin du protocole de rTMS basse fréquence étaient de 31% et 17% respectivement. Parmi les patients n'ayant pas répondu à la rTMS basse fréquence et pour lesquels un protocole haute fréquence a été effectué, les taux de réponse et de rémission étaient de 38,9% et 12,2%. Parmi les facteurs sociodémographiques et cliniques recherchés (âge, sexe, diagnostic principal, durée de l'épisode, durée de la maladie, nombre de résistances médicamenteuses, nombre de traitements en cours, score MADRS initial), aucun n'était associé à une différence de réponse significative.

Cette étude, à notre connaissance la seule à étudier la rTMS haute fréquence chez des patients n'ayant pas répondu à la basse fréquence, retrouve des taux de réponse et de rémission comparables aux autres études randomisés ou naturalistiques analysant les résultats de la rTMS dans la dépression résistante. Malgré un niveau de résistance élevée (8 traitements en moyenne), la réponse à la rTMS est satisfaisante. Par ailleurs, le taux relativement élevé de répondeurs en haute fréquence en cas d'échec de la basse fréquence est en faveur de la poursuite du traitement par rTMS avec un protocole différent en cas de non-réponse à un premier protocole.