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Introduction

Antiepileptic drugs (AEDs) are the main treatment in the management of epilepsy. However, more than 30% of patients with epilepsy have inadequate control of seizures despite optimal AED treatment [START_REF] Kwan | Early identification of refractory epilepsy[END_REF]. Thus, throughout the past decade, research into nonpharmacological treatments [START_REF] Sheth | Nonpharmacological treatment options for epilepsy[END_REF] and, in particular, psychological managements of epilepsy (i.e., cognitive behavioral therapy, relaxation therapy, biofeedback, cognitive rehabilitation, and educational intervention) have gained greater attention [START_REF] Schmid-Schonbein | Improvement of seizure control by psychological methods in patients with intractable epilepsies[END_REF][START_REF] Boylan | Peri-ictal behavioral and cognitive changes[END_REF][START_REF] Engelberts | The effectiveness of psychological interventions for patients with relatively well-controlled epilepsy[END_REF][START_REF] Ramaratnam | Psychological treatments for epilepsy[END_REF]. Indeed, it was found that the majority of patients could identify factors that trigger their seizures (i.e., a factor whose presence is associated with an increased probability of seizures over a relatively brief, defined time period) [START_REF] Boylan | Peri-ictal behavioral and cognitive changes[END_REF][START_REF] Spector | Seizure precipitants and perceived self-control of seizures in adults with poorly-controlled epilepsy[END_REF][START_REF] Spatt | Subjective perception of seizure precipitants: results of a questionnaire study[END_REF][START_REF] Sperling | Self-perception of seizure precipitants and their relation to anxiety level, depression, and health locus of control in epilepsy[END_REF] and that some report the ability to terminate, prevent, or reduce their seizures [START_REF] Boylan | Peri-ictal behavioral and cognitive changes[END_REF][START_REF] Hether | Spontaneous strategies for psychological control of seizures[END_REF]. It is, thus, possible to train patients with drug-resistant epilepsy to identify habitual triggers of their seizures and to develop counter measures using cognitive and behavioral methods that may interrupt seizure onset and neutralize triggering factors [START_REF] Schmid-Schonbein | Improvement of seizure control by psychological methods in patients with intractable epilepsies[END_REF][START_REF] Boylan | Peri-ictal behavioral and cognitive changes[END_REF].Researchinthisfield may enhance the possibility of management of drug-resistant epilepsy, in particular when surgical treatment is contraindicated, which is the case in 30% of focal drug-resistant epilepsy [START_REF] Engel | Surgery for seizures[END_REF], or when patients prefer nonsurgical management options.

Among psychological treatments in epilepsy [START_REF] Sheth | Nonpharmacological treatment options for epilepsy[END_REF], biofeedback presents two advantages. Firstly, by steady feedback, its use can restore perceived control in the participants [START_REF] Epstein | Biofeedback, self-control, and self-management[END_REF], which is known to be a significant variable in the psychological impact of epilepsy [START_REF] Spector | High and low perceived self-control of epileptic seizures[END_REF]. Indeed, pervasive loss of control has been associated with a negative effect on seizure control [START_REF] Velissaris | The psychological impact of a newly diagnosed seizure: losing and restoring perceived control[END_REF] and with a low quality of life [START_REF] Jacoby | Exploring loss and replacement of loss for understanding the impacts of epilepsy onset: a qualitative investigation[END_REF]. Secondly, biofeedback is more than a psychological treatment because it enables the participant, by online feedback to a covert physiological activity, to actively learn self-directed strategies to obtain and control a physiological response. Thus, biofeedback can be considered as a psychophysiological treatment that enables targeting, in a noninvasive and drugfree manner, specific physiological activity related to a disorder [START_REF] Yucha | Evidence-based practice in biofeedback and neurofeedback[END_REF].

A number of biofeedback approaches have been suggested for the management of epilepsy [START_REF] Sheth | Nonpharmacological treatment options for epilepsy[END_REF][START_REF] Micoulaud-Franchi | Biofeedback and drug-resistant epilepsy: back to an earlier treatment?[END_REF][START_REF] Nagai | Biofeedback and epilepsy[END_REF][START_REF] Rockstroh | Cortical self-regulation in patients with epilepsies[END_REF]. Among these approaches, biofeedback using skin conductance presents two advantages. Firstly, skin conductance is an easily recorded physiological activity compared with brain electrical activity. Secondly, skin conductance changes are related to peripheral sympathetic nervous activity changes that can be considered as a relevant physiological target for the nonpharmacological management of epilepsy. An increase in skin conductance (i.e., an increase in the electrical conductance measured in microsiemens) is related to an increase of arousal level [START_REF] Grapperon | The measurement of electrodermal activity[END_REF]. Moreover, it has been shown that an increase in arousal level might be associated with a decrease in cortical excitability, thus with a decrease in the probability of seizures [START_REF] Nagai | Changes in cortical potential associated with modulation of peripheral sympathetic activity in patients with epilepsy[END_REF].Biofeedback methods that teach the patient how to increase skin conductance have shown a significant reduction in seizure frequency [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF], which was maintained up to 3 years after the termination of biofeedback treatment [START_REF] Nagai | Long-term effects of electrodermal biofeedback training on seizure control in patients with drug-resistant epilepsy: two case reports[END_REF].

However, limitations of biofeedback efficacy studies have been that the type of epilepsy has often not been taken into account and that analysis of efficacy has not been based on a homogenous sample of patients with similar seizure types [START_REF] Micoulaud-Franchi | Biofeedback and drug-resistant epilepsy: back to an earlier treatment?[END_REF][START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF]. Temporal lobe epilepsy (TLE) is the most common drug-resistant epilepsy. Moreover, TLE is characterized by abnormal electrical changes starting from one region or several regions of the temporal lobe including the amygdala [START_REF] Bartolomei | Neural networks involving the medial temporal structures in temporal lobe epilepsy[END_REF],w h i c hi s known to be involved in the regulation of arousal and anxiety level and in the response of emotional negative stimuli [START_REF] Morris | Parallel neural responses in amygdala subregions and sensory cortex during implicit fear conditioning[END_REF]. Thus, it would be interesting to investigate the efficacy of biofeedback in TLE. More specifically, patients with TLE who could identify stress factors that trigger their seizures have been described [START_REF] Lanteaume | How do cognition, emotion, and epileptogenesis meet? A study of emotional cognitive bias in temporal lobe epilepsy[END_REF]. Stress is a complex phenomenon but can be defined in terms of its biological, environmental, and psychological aspects, whereby external demands exceed adaptive capacity [START_REF] Novakova | The role of stress as a trigger for epileptic seizures: a narrative review of evidence from human and animal studies[END_REF].Thirtytofifty percent of patients with TLE are reported to perceive stress as a factor whose presence is associated with an increased probability of seizures [START_REF] Spector | Seizure precipitants and perceived self-control of seizures in adults with poorly-controlled epilepsy[END_REF][START_REF] Spatt | Subjective perception of seizure precipitants: results of a questionnaire study[END_REF][START_REF] Sperling | Self-perception of seizure precipitants and their relation to anxiety level, depression, and health locus of control in epilepsy[END_REF]. These patients disclosed specific attentional biases towards negative emotional stimuli compared with patients without a stress factor trigger for seizures. Moreover, the degree of attentional biases correlated with abnormal metabolism in the amygdala [START_REF] Lanteaume | Cognitive and metabolic correlates of emotional vulnerability in patients with temporal lobe epilepsy[END_REF].

To the best of our knowledge, no previous studies have investigated nonpharmacological treatment in TLE with stress as a trigger for seizures. Thus, the aim of the present study was to be a proof of concept to demonstrate feasibility of skin conductance biofeedback in TLE with stress-triggered seizures. We aimed to replicate the methodology used in the study of Nagai et al. and to verify that it is well tolerated in this specific type of epilepsy. For that purpose we (i) included patients with TLE with seizures triggered by stress [START_REF] Lanteaume | How do cognition, emotion, and epileptogenesis meet? A study of emotional cognitive bias in temporal lobe epilepsy[END_REF], (ii) treated these patients with skin conductance biofeedback using a method similar to that used previously [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF], and (iii) evaluated the effect of biofeedback on seizure frequency, on psychometric evaluation of stress and affectivity, and on cognitive evaluation of attentional biases towards negative emotional stimuli. As skin conductance biofeedback increases levels of peripheral sympathetic arousal, which can be associated with stress response, anxiety, and exposure to negative emotional stimuli [START_REF] Lang | Looking at pictures: affective, facial, visceral, and behavioral reactions[END_REF][START_REF] Öhman | Orienting and attention: preferred preattentive processing of potentially phobic stimuli[END_REF][START_REF] Dawson | Concurrent measurement of awareness and electrodermal classical conditioning[END_REF][START_REF] Gross | Antecedent-and response-focused emotion regulation: divergent consequences for experience, expression, and physiology[END_REF],in this proof-of-concept study, we sought to verify that patients with TLE and stress-triggered seizures are not worsened in terms of stress, anxiety, and negative emotional response to this nonpharmacological treatment. We aimed to check the following: i) whether patients with TLE with stress-triggered seizures, treated with biofeedback, did not worsen on psychometric evaluation of stress and affectivity and on cognitive evaluation of attentional biases towards negative emotional stimuli and ii) whether patients showed reduction in seizure frequency. In cases of a positive result concerning seizure frequency, we expected a correlation between changes in seizure frequency and changes in skin conductance over the period of biofeedback treatment.

Methods and materials

Participants

The study duration was 17 months (January 2013-May 2014). Patients were selected if they presented with both drug-resistant TLE and stress-triggered seizures. Five patients were selected from an existing database established in our center, having already been identified and previously included in the studies by Lanteaume et al. [START_REF] Lang | Looking at pictures: affective, facial, visceral, and behavioral reactions[END_REF].An additional 6 patients were prospectively recruited over the study period. Thus, 11 patients with TLE with stress-triggered seizures were recruited in the Epilepsy Unit of the Clinical Neurophysiology Department of the Marseille University Hospital (France). According to the previous study of Nagai et al., a sample size of more than 10 would have sufficient power to find an effect. Inclusion criteria were as follows: TLE with stress-triggered seizures, drug-resistant epilepsy, age between 18 and 60 years, duration of epilepsy more than 3 years, frequency of seizures more than 1 per month, stable medication one month before the study and during the study duration, and sufficient cognitive ability to keep a seizure diary. The diagnosis of TLE was documented clinically and confirmed with video-EEG investigations. All patients underwent brain magnetic resonance imaging (MRI) and fluorodeoxyglucosepositron emission tomography (FDG-PET).

The presence of a stress trigger for seizures was assessed with the impact of seizure precipitant scale described previously [START_REF] Lanteaume | How do cognition, emotion, and epileptogenesis meet? A study of emotional cognitive bias in temporal lobe epilepsy[END_REF]. A face-toface interview was carried out in which patients were questioned about several clinical triggers. The importance of stress triggers was evaluated on a balanced 10-point Likert scale ranging from 0 ("never") to 10 ("always"). Patients with TLE had to have a score of more than 5 to be included in the present study.

Exclusion criteria were as follows: reduced capacity to consent, poor antiepileptic drug compliance, mental disorders, severe cognitive impairment, and comorbid chronic medical conditions (other than epilepsy), e.g., severe diabetes, cerebrovascular disease, or chronic obstructive bronchopneumonia. Patients were screened for any current or lifetime history of a DSM-IV axis I disorder based on the Mini-International Neuropsychiatric Interview (MINI) [START_REF] Sheehan | The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10[END_REF].

Gender, age, laterality, age at onset of epilepsy, number and type of AEDs, and number of seizures were collected as data (Table 1).

After receiving a detailed description of the study, participants gave their informed written consent. This study was conducted in accordance with the Declaration of Helsinki and French Good Clinical Practices.

2.2. Procedure 2.2.1. Clinical evaluation 2.2.1.1. Seizure frequency evaluation. Patients were asked to keep a seizure diary for 3 months before (baseline seizure frequencies) and 3 months after the biofeedback treatment. Average seizure frequency (per month) was calculated for each of these periods.

Psychometric evaluation of stress and affectivity.

Patients completed the State-Trait Anxiety Inventory (SAI) in order to evaluate the state of anxiety [START_REF] Spielberger | Psychometric properties of the STAI: a reply to Ramanaiah, Franzen, and Schill[END_REF], the Positive and Negative Affect Schedule (PANAS) in order to evaluate the negative affectivity (NA) and the positive affectivity (PA) [START_REF] Watson | Development and validation of brief measures of positive and negative affect: the PANAS scales[END_REF], and the Beck Depression Inventory (21 items, BDI-21) in order to evaluate depressive mood [START_REF] Beck | An inventory for measuring depression[END_REF]. These evaluations were completed the week before and the week after the biofeedback treatment.

Cognitive evaluation of attentional biases.

The cognitive paradigm we used to study attentional biases towards negative emotional stimuli was the probe detection task. This task measures the modulation of spatial attention by negative and neutral stimuli and allows the assessment of attentional vigilance towards negative stimuli and attentional disengagement from negative stimuli. As previously described [START_REF] Lanteaume | How do cognition, emotion, and epileptogenesis meet? A study of emotional cognitive bias in temporal lobe epilepsy[END_REF][START_REF] Lanteaume | Cognitive and metabolic correlates of emotional vulnerability in patients with temporal lobe epilepsy[END_REF], each experimental trial consisted of three successive steps: i) display of a black fixation cross (500 ms), ii) display of a word pair (500 ms): "negative-neutral" or "neutral-neutral", and iii) a dot display (until the response was given). Participants were asked to give the location of the dot by pressing the corresponding button as quickly and as accurately as possible. In each "negative-neutral" pair, the combination of the location of the words and the location of the dot led to congruent conditions (i.e., dot replaces negative word) and to incongruent conditions (i.e., dot replaces neutral word). For each "neutral-neutral" pair, all conditions were considered as control conditions. Manipulation of congruent, incongruent, and control pairs allows measurements of 3 indices related to attentional biases. The most important is a score of congruency (a positive score indicates a modulated attention by the negative stimuli). A modulated attention by the negative stimuli could be related to two kinds of attentional biases: i) a facilitated effect of negative stimuli presented congruently to the dot (measured by a positive score of vigilance) and ii) a difficulty in disengaging attention from the negative stimuli presented incongruently to the dot (measured by a positive score of disengagement). These scores are calculated by the differences of reaction time between the congruent, the incongruent, and the control conditions as described previously [START_REF] Lanteaume | How do cognition, emotion, and epileptogenesis meet? A study of emotional cognitive bias in temporal lobe epilepsy[END_REF][START_REF] Lanteaume | Cognitive and metabolic correlates of emotional vulnerability in patients with temporal lobe epilepsy[END_REF].T h e cognitive evaluation was conducted the week before and the week after the biofeedback treatment.

Skin conductance biofeedback

2.2.2.1. Material. Measurement of skin conductance and implementation of biofeedback sessions were undertaken using a biofeedback system (Biograph, Thought Technology Ltd., Montreal, Quebec, Canada) that had been modified for experimental use in the present study.

Dry nickel-plated electrodes were placed on the palmar surface of the participant's index and middle finger of the left hand. A computergenerated graphic was presented visually on a computer monitor. Two simultaneous feedbacks were presented to the patient. The first feedback was presented to the patients in the form of a graphical thermometer, inspired by previous MRI feedback studies [START_REF] Micoulaud-Franchi | Towards a new approach of neurophysiology in clinical psychiatry: functional magnetic resonance imaging neurofeedback applied to emotional dysfunctions[END_REF], which displayed a green bar that increased when skin conductance activity increased and a red bar that decreased when skin conductance activity decreased. For the feedback, the bar was continually updated with new skin conductance information. The second feedback was presented to the patients in the form of a female facial continuum from sad to happy. The facial images were created from a set of black and white photographs [START_REF] Pollak | Early experience is associated with the development of categorical representations for facial expressions of emotion[END_REF]. The two prototype endpoint photographs (100% sad and 100% happy) were morphed to create a linear continuum of nine facial images. Each intermediate image was transformed by a 10% increment according to a morphing technique described previously [START_REF] Pollak | Early experience is associated with the development of categorical representations for facial expressions of emotion[END_REF].The feedback facial display moved towards the happy face when skin conductance activity increased and towards the sad face when skin conductance activity decreased. For the feedback, the facial display was continually updated at intervals of 1.5 s. We chose this kind of feedback because we posited that emotional feedback would be more adapted to patients with TLE and stress-triggered seizures than a neutral feedback used by Nagai et al. [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF]. The aim of the teaching was that patients learn to increase their arousal level while associating this with positive emotion.

Biofeedback session.

Patients attended a total of 12 sessions (1 session/week) in a quiet room kept as constant as possible at 23 °C to avoid variation of skin conductance in relation to ambient temperature [START_REF] Grapperon | The measurement of electrodermal activity[END_REF][START_REF] Boucsein | Electrodermal activity[END_REF]. Each session lasted 1 h. During the first session, information about biofeedback was given. Patients were instructed that the use of arousal and alertness cognitive activity combined with the feedback could enable them to control the thermometer bar and the face. However, no specific strategies were provided. Before beginning the following session, a short face-to-face interview was carried out in which patients were questioned about evolution since the last session in terms of seizure frequency, intensity of stress triggers, perceived self-control, motivation, and learning of self-strategies to obtain and control the skin conductance.

A baseline block was conducted during 2 min before the biofeedback. Patients were instructed to relax in order to bring skin conductance back to the baseline level. It, thus, enabled calibration of the baseline and the range of the thermometer. During baseline blocks, a landscape screen was presented to the patients without any feedback. Each training session lasted 30 min, during which the patients received biofeedback and were instructed to enhance skin conductance activity. At the end of each biofeedback session, patients were actively asked to report any discomfort during the feedback, in particular concerning feelings of stress. The training also explicitly emphasized the goal of transfer of the skills learned during the session into everyday life. The patient was encouraged to train at home as if he or she were sitting in front of the monitor at home, and a downscaled picture of the feedback computer screen was given as a memory aid handout to the patients. Moreover, patients were also encouraged to practice self-regulation skills in seizure-prone situations.

Statistical analyses

Descriptive statistics of the obtained data included frequencies and percentages of categorical variables together with means and standard b Percentage of seizure frequency changes 3 months before and 3 months after the biofeedback treatment, as also shown in Fig. 1.

deviations of continuous variables. Data analyses were performed using SPSS software (Version 18 for Mac, PASW Statistics). For all the tests, the accepted significance level was 5%.

Comparison statistics

Clinical evaluations (seizure frequency, SAI, PA, NA, BDI-21, score of congruency, vigilance, and disengagement) were compared before and after the 12 sessions of the biofeedback treatment using the Wilcoxon signed-rank test.

Relation between skin conductance changes and seizure frequency changes

For each patient, change in seizure frequencies was calculated as the percentage of variation compared with baseline seizure frequencies.

Change in skin conductance during a session was calculated by subtracting the mean skin conductance level for the first 2 min and for the last 2 min and by calculating the percentage of variation compared with the first 2 min. Percentage change in skin conductance was averaged for each patient over the 12 biofeedback sessions.

The progress in the training over the course of the 12 biofeedback sessions was calculated by subtracting the average percentage change in the first 3 sessions and the last 3 sessions and by calculating the percentage of variation compared with the first 3 sessions according to the methodology used in the study of Nagai et al. [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF].Thepercentage change in the first 3 sessions and that in the last 3 sessions were compared using the Wilcoxon signed-rank test.

Spearman's rank correlation was used to analyze the relationship between change in seizure frequency and change in skin conductance over the biofeedback treatment and progress in the training during the 12 biofeedback sessions.

Relation between psychometric changes and seizure frequency changes

For each patient, changes in psychometric evaluation (SAI, PA, NA, and BDI-21) were calculated as the percentage of variation compared with baseline. Spearman's rank correlation was used to analyze the relationship between change in psychometric evaluation and change in seizure frequency.

Results

Sample characteristics

The mean age was 36.72 years (SD = 7.28, range: years old); 9 women and 2 men. The mean age at onset of epilepsy was 17.54 (SD = 7.69). One patient was on no medication by choice. All of the other patients were treated by AEDs. The mean impact of seizure precipitant scale was 6.91 (SD = 1.45), indicating a high prevalence of stress-triggered seizures [START_REF] Lanteaume | How do cognition, emotion, and epileptogenesis meet? A study of emotional cognitive bias in temporal lobe epilepsy[END_REF]. None of the patients included was taking antidepressant medication.

Seizure frequency, psychometrics, and cognitive changes

Clinical evaluations are detailed in Table 2. There was a significant difference before and after the biofeedback treatment concerning the seizure frequency with a mean reduction of -48.61% (SD = 27.79), with 5 (45%) patients having more than 50% seizure reduction. Table 1 and Fig. 1 show individual patient's percentage seizure frequency change after the biofeedback treatment.

Concerning the psychometric and cognitive changes, there were significant differences before and after the biofeedback treatment for the NA, with a mean reduction of -20.21% (SD = 19.23), and the BDI, with a mean reduction of -37.65% (SD = 36.99). There was a trend for the SAI, with a mean reduction of -9.71% (SD = 19.54). Note that all the Z scores of the Wilcoxon signed-rank test were negative.

None of the patients reported any stress discomfort, nor did any seizure occur during the biofeedback session. None of the patients dropped out of the study, suggesting that the treatment was well tolerated and good observance of the sessions.

Relation between skin conductance changes and seizure frequency changes

The mean change in skin conductance activity over the biofeedback treatment was 30.15% (SD = 14.92). A significant correlation was found between seizure frequency change and skin conductance activity change over the biofeedback treatment (r(11) = .62, P = .042) (Fig. 2).

The progress in the training through the course of the 12 biofeedback sessions showed a trend towards significance: the mean change in the first 3 sessions was 45.72% (SD = 30.85), and the mean change in the last 3 sessions was 55.44% (SD = 33.35, P = .091). The progress in training was 13.61% (SD = 61.44). No significant correlation was found between progress in training and seizure frequency change (r(11) = -.24, P = .47).

Relation between psychometric changes and seizure frequency changes

There was no significant correlation between seizure frequency change and SAI change (r(11) = -.19, P = .57), PA change (r(11) = -.11, P = .76), NA change (r(11) = -.024, P = .95), or BDI change (r(11) = .17, P = .62).

Discussion

While there is interest in the use of nonpharmacological treatments in epilepsy [START_REF] Sheth | Nonpharmacological treatment options for epilepsy[END_REF], there is currently a lack of robust data to support the use of psychological therapies [START_REF] Boylan | Peri-ictal behavioral and cognitive changes[END_REF][START_REF] Engelberts | The effectiveness of psychological interventions for patients with relatively well-controlled epilepsy[END_REF][START_REF] Ramaratnam | Psychological treatments for epilepsy[END_REF]. To the best of our knowledge, this is the first study to investigate psychological management in drugresistant TLE with stress-triggered seizures. Patients treated with biofeedback did not worsen on subjective psychometric evaluation of stress and affectivity or on objective cognitive evaluation of attentional biases towards negative emotional stimuli. In fact, significant improvement was found for negative affect and depressed mood symptoms, with a nonsignificant trend to improvement for the anxiety state. Moreover, the face-to-face interview carried out in each biofeedback session revealed no stress discomfort and a high level of motivation of each patient. No patient dropout occurred as in the biofeedback group of Nagai et al. [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF]. Thus, despite the fact that increases in skin conductance could be related to increases in stress level, this effect was not shown in our study. These results indicate that the skin conductance biofeedback used in the present study, which teaches an increased level of peripheral sympathetic arousal, was a well-tolerated nonpharmacological treatment. Two explanations can be emphasized in line with the biofeedback protocol specifically designed in the present study. The first is the use of an emotional facial continuum as feedback that allowed patients to associate an increase of arousal with positive emotion. The second is the use of a graphical thermometer that allowed a continuous feedback. Indeed, there are differences between the presentation of discrete and continuous stimulionskinconductance [START_REF] Dawson | The electrodermal system[END_REF]. Discrete stimuli induce phasic increase in skin conductance. The most useful measure is the skin conductance response (SCR) following stimulus onset [START_REF] Dawson | The electrodermal system[END_REF]. The increase of this phasic arousal is known to be related to stress stimuli such as shock [START_REF] Dawson | Concurrent measurement of awareness and electrodermal classical conditioning[END_REF],fear stimuli [START_REF] Öhman | Orienting and attention: preferred preattentive processing of potentially phobic stimuli[END_REF], or negative emotional stimuli [START_REF] Lang | Looking at pictures: affective, facial, visceral, and behavioral reactions[END_REF][START_REF] Gross | Antecedent-and response-focused emotion regulation: divergent consequences for experience, expression, and physiology[END_REF]. Continuous stimuli modulate increases or decreases in skin conductance. The most useful measure is the skin conductance level (SCL), which was the measure performed in our biofeedback protocol [START_REF] Dawson | The electrodermal system[END_REF]. Skin conductance level can be considered to reflect the tonic arousal level. The increase of tonic arousal level is known to be related to tasks requiring an effortful allocation of attentional resources [START_REF] Jennings | Bodily changes during attending[END_REF]. The skin conductance biofeedback protocol in the present study has been developed to reinforce essentially SCL, as in the previous study of Nagai et al. [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF]. Thus, the strategies learned during the treatment to obtain a control of the physiological response are thought to be more related to attentional cognitive strategies than to emotional strategies. This explanation is supported by the following: i) patients' reporting in the present study that they tried to focus their attention on something in their environment or in their mind, ii) a study showing that cognitive strategies were more likely used in response to seizure-prone situations than behavioral and emotional strategies [START_REF] Hether | Spontaneous strategies for psychological control of seizures[END_REF], and iii) the relation between SCL and slow cortical potentials (SCP) [START_REF] Nagai | Changes in cortical potential associated with modulation of peripheral sympathetic activity in patients with epilepsy[END_REF]. Indeed, an increase in SCL is associated with a reduction of SCP that caused decreased cortical excitability [START_REF] Nagai | Changes in cortical potential associated with modulation of peripheral sympathetic activity in patients with epilepsy[END_REF]. Thus, SCP neurofeedback has been used in drug-resistant epilepsy, according to the same argument as skin conductance biofeedback, and has shown efficacy [START_REF] Kotchoubey | Modification of slow cortical potentials in patients with refractory epilepsy: a controlled outcome study[END_REF].T h e modulation of SCP has been associated with attentional cognitive modulation [START_REF] Nagai | Changes in cortical potential associated with modulation of peripheral sympathetic activity in patients with epilepsy[END_REF][START_REF] Mayerk | Onesizefits all? Slow cortical potentials neurofeedback: a review[END_REF][START_REF] Elbert | Biofeedback of slow cortical potentials[END_REF]. Moreover, Nagai et al. [START_REF] Nagai | Changes in cortical potential associated with modulation of peripheral sympathetic activity in patients with epilepsy[END_REF] found that skin conductance biofeedback and SCP neurofeedback were probably more mediated by the attentional regulation of the sensory input to the cortex via the thalamus than the regulation of brain structures involved in emotions and stress (such as amygdala and limbic temporal regions) [START_REF] Nagaiy | Brainactivity relating to the contingent negative variation: an fMRI investigation[END_REF]. These anatomofunctional explanations remain speculative and need further investigation. However, it could explain the efficacy, without side effects, of skin conductance biofeedback that increased the arousal level in patients with TLE shown in the present study despite stress vulnerability.

Concerning the efficacy of the treatment, given the lack of wellcontrolled conditions and a randomized group, the present result can only be considered as preliminary. However, we replicated the results of Nagai et al. [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF]. Firstly, we found a very close mean percentage change in seizure frequency in our sample (-48.61%) to that observed in Nagai et al's biofeedback sample (-49.26%) and a similar rate of response (45% versus 60%). Secondly, we found a correlation between changes in seizure frequency and changes in skin conductance over the biofeedback treatment that suggests a causal relationship between the efficacy of skin conductance biofeedback activity and a reduction in seizure frequency.

Some limitations in the current study have to be considered. Firstly, using the methodology of Nagai et al. [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF]., we found only a trend in the improvement in the degree to which the patients changed their skin conductance level in the first 3 sessions compared with the last 3 sessions. Thus, the progress in training of biofeedback over the 12 sessions was smaller in our study (13.61%) than in the study of Nagai et al. (51.98%). Moreover, in contrast to Nagai et al., we did not find a significant correlation between this progress and reduction in seizure frequency. However, we found that those patients who had the greatest increase in skin conductance during the first 3 sessions maintained their performance across the session, and that they benefited the most from the treatment. One explanation could be that the main difference in our study was to perform the biofeedback session only once per week, contrary to 3 per week in Nagai et al. [START_REF] Nagai | Clinical efficacy of galvanic skin response biofeedback training in reducing seizures in adult epilepsy: a preliminary randomized controlled study[END_REF], which could modify the training to increase the skin conductance level. Secondly, biofeedback could be efficacious apart from specificeffectsbecause of learned self-regulation of a physiological activity. The information given to the patients about the neurophysiological background of epilepsy, the proposition to treat them with a psychophysiological and a electrophysiological method, as well as the therapeutic relationship established once a week during 12 weeks all likely contributed to the positive effects of the training, since positive expectations and the experience of self-efficacy are important nonspecific variables in biofeedback [START_REF] Gevensleben | Neurofeedback in children with ADHD: validation and challenges[END_REF] and the clinical course of epilepsy [START_REF] Velissaris | The psychological impact of a newly diagnosed seizure: losing and restoring perceived control[END_REF][START_REF] Jacoby | Exploring loss and replacement of loss for understanding the impacts of epilepsy onset: a qualitative investigation[END_REF]. Moreover, the improvements in anxiety, negative affect, and depressed mood symptoms in our study could be an intermediate variable to explain the effect of biofeedback in seizure frequency. Indeed, it was found that anxiety [START_REF] Beyenburg | Anxiety in patients with epilepsy: systematic review and suggestions for clinical management[END_REF] and depression [START_REF] Crail-Melendez | Cognitivebehavioral therapy for depression in patients with temporal lobe epilepsy: a pilot study[END_REF] are important components to manage with psychological interventions in order to improve seizure frequency. However, the lack of any relationship in our study between seizure reduction and reduced anxiety and depression scores is not in favor of this hypothesis. Thirdly, 81% of the patients were women. This marked female predominance is in contrast to the study by Nagai et al. that included around 50% women. This predominance of female subjects could potentially influence the results because of the known effect of the menstrual cycle on resting skin conductance. This parameter could be controlled in further studies. Lastly, the use of paper-based seizure diaries to assess seizure frequency could be inaccurate [START_REF] Elger | Seizure prediction and documentationtwo important problems[END_REF][START_REF] Cook | Prediction of seizure likelihood with a long-term, implanted seizure advisory system in patients with drug-resistant epilepsy: a first-in-man study[END_REF].Theactof self-reporting seizures may itself influence the observation by making the subject attend more vigilantly to seizures after biofeedback treatment. However, seizure diaries currently remain a widely accepted means of estimating seizure frequency in the context of trials to validate antiseizure drugs or devices. Since some studies have documented patient preference and increased compliance for electronic versus paper diaries [START_REF] Fisher | Seizure diaries for clinical research and practice: limitations and future prospects[END_REF], future biofeedback studies could use electronic diaries. Moreover, the advantages of electronic diaries include the possibility of linkage to a biosensor [START_REF] Fisher | Seizure diaries for clinical research and practice: limitations and future prospects[END_REF], which would enable recording of the physiological parameters targeted during biofeedback sessions in ecological, "real life" conditions [START_REF] Poh | A wearable sensor for unobtrusive, long-term assessment of electrodermal activity[END_REF].

In conclusion, both subjective and objective evaluations of stress and affectivity showed that skin conductance biofeedback is a well-tolerated nonpharmacological treatment in patients with drug-resistant TLE and seizures triggered by stress. Moreover, this treatment could be effective and, thus, could potentially be used in the nonpharmacological management of this type of epilepsy. Thus, although methodological limitations necessitate cautious interpretation of results, the present study encourages further well-controlled studies in this field of nonpharmacological treatment for epilepsy.

  b A positive score indicates a modulated attention by the negative stimuli. c A positive score indicates a facilitated effect of negative stimuli presented congruently to the dot. d A positive score indicates a difficulty in disengaging attention from the negative stimuli presented incongruently to the dot.

Fig. 1 .

 1 Fig. 1. Percentage of seizure frequency changes 3 months before and 3 months after the biofeedback treatment. In x axis, result for each patient.

Fig. 2 .

 2 Fig. 2. Relation between seizure frequency changes 3 months before and 3 months after the biofeedback treatment and skin conductance change over the 12 sessions.

Table 1

 1 Patient demographic and clinical characteristics. CBZ: carbamazepine, LCM: lacosamide, LEV: levetiracetam, LMT: lamotrigine, OXC: oxcarbazepine, PGB: pregabalin, TPM: topiramate, VPA: valproic acid.

		Gender	Age Laterality	Age at onset	Number and type of	Total number of seizures during	Total number of seizures during	Percentage of seizure
				of the TLE	of epilepsy	antiepileptic drugs a	3-month period before biofeedback	3-month period after biofeedback	frequency changes b
	P1	Women 47	Left	6	CBZ, PGB	3	2	-33.33
	P2	Men	24	Left	19	CBZ, TPM	21	9	-57.14
	P3	Women 45	Left	27	LMT, LEV	30	6	-80
	P4	Men	35	Left	19	CBZ, VPA	30	16	-46.67
	P5	Women 33	Right	7	OXC, TPM, LCM	89	3	-96.63
	P6	Women 39	Left	15	LMT, LEV	8	6	-25.00
	P7	Women 27	Right	17	CBZ, LCM	15	8	-46.67
	P8	Women 33	Right	22	LMT	16	5	-68.75
	P9	Women 44	Left	14	-	48	20	-58.33
	P10 Women 37	Left	32	LMT, LEV	3	3	0
	P11 Women 40	Bilateral	15	CBZ	9	7	-22.22

a 

Table 2

 2 Change in seizure frequency per month, psychometric evaluation of stress and affectivity, and cognitive evaluation of attentional biases the week before and the week after the biofeedback treatment (12 sessions).

		Pretreatment		Posttreatment		Z	P value a
		Mean	SD	Mean	SD		
	Seizure frequency (per month)	6.17	6.31	1.93	1.39	-2.8	.005
	Psychometric evaluation of stress and affectivity						
	State anxiety inventory	48.91	12.17	43.09	11.97	-1.88	.059
	Positive affect schedule	28.30	5.77	33.09	8.90	-1.28	.201
	Negative Affect Schedule	26.40	11.69	21.73	7.55	-2.45	.014
	Beck Depression Inventory	17.82	11.92	9.82	6.89	-2.60	.009
	Cognitive evaluation of attentional biases						
	Score of congruency b	2.39	13.86	.69	22.46	-.44	.657
	Score of vigilance c	1.82	14.42	-5.40	19.59	-.71	.477
	Score of disengagement d	.58	19.93	6.09	21.69	-.18	.859

a Wilcoxon signed-rank test.
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