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1. Introduction

Despite optimal antiepileptic drug (AED) treatment, about 30% of
patients with epilepsy (PWE) have inadequate control of seizures. In
addition, seizures are not the only burden of the disease. Depression
(Gilliam et al., 2004) and anxiety disorders (Swinkels et al., 2001) are
frequently associated. It is conventional to conceptualize these co-
morbidities as indicating a heightened emotional response to the un-
predictable nature of seizures, and to the restriction of activities re-
sulting in low self-esteem, to stigma and social rejection (Boylan et al.,
2004; Vazquez and Devinsky, 2003). Besides this psychological model,
neurobiological models are proposed and confirm bidirectional patho-
physiological links between depressive disorders, anxiety disorders,
stress and epilepsy (Kanner, 2011). Interaction between these psycho-
pathological conditions and epilepsy are also increasingly described
(Maguire and Salpekar, 2013), in animal models (Becker et al., 2015;
Chadda and Devaud, 2004; Lai et al., 2009) as well as in clinical
practice (Lanteaume et al., 2009; McKee and Privitera, 2017; Novakova
et al., 2013; van Campen et al., 2014).

Whether TLE is actually more associated with major depressive
disorder and anxiety disorders as has been suggested (Hermann et al.,
2000), remains the subject of much debate. However, a role for dys-
function of limbic system structures, which are affected in many cases
of TLE, seems likely (Swinkels et al., 2005). Indeed, neurological and
endocrine pathways of stress regulation, such as limbic system and
hypothalamic–pituitary–adrenal (HPA) axis are known to be impaired
in TLE (Maguire and Salpekar, 2013). Lanteaume et al. (2009) de-
monstrated specific cognitive characteristics in patients with TLE and
stress-triggered seizures. These patients disclosed attentional bias to-
ward negative stimuli, resulting in difficulty in disengaging attention
from the negative stimulus, correlated with amygdalar hypometabolism
(Lanteaume et al., 2012). In TLE, electrodermal responses to emotions

induced by movies are significantly reduced than in healthy controls,
especially for fear (Kotwas et al., 2017b). Considering the role of the
amygdala in electrodermal responses to affective processing control
(Dawson et al., 2007), it is possible that in TLE, these impaired re-
sponses are related to specific pathophysiology involving HPA-axis and
amygdala hypometabolism. These patterns of emotional processing can
underlie both stress sensitization and psychiatric comorbidities. Various
methods have been investigated to help patients to develop effective
strategies to control their seizures and reduce stress-related comorbid-
ities including behavioral, cognitive, or emotional approaches (Kotwas
et al., 2016; Ramaratnam et al., 2008). Among these, biofeedback using
skin conductance presents two theoretical advantages. The first, con-
cerning seizure frequency, skin conductance is related to peripheral
sympathetic nervous activity fluctuation that can be considered as a
relevant physiological target for the nonpharmacological management
of epilepsy (Kotwas et al., 2015). Two previous studies with small
samples showed a mean reduction of about 50% of seizures in respec-
tively 10 (Nagai et al., 2004b), and 11 patients with TLE and stress-
triggered seizures (Micoulaud-Franchi et al., 2014) after 12 sessions.
The second concerns psychiatric comorbidities. Micoulaud-Franchi
et al. (2014) found significant reduction of depressive symptoms and
perception of negative affects after treatment that were independent of
reduced seizure frequency. Biofeedback is a method involving cogni-
tive, mainly attentional, control strategies. Electrodermal activity re-
lated to attentional control is underpinned by cortical prefrontal ac-
tivity (Dawson et al., 2007). Possibly, this activity could counterbalance
the impaired HPA-axis and amygdalar activity. These results suggested
that skin conductance biofeedback could be an interesting adjunctive
treatment of stress-related comorbidities of epilepsy (Kotwas et al.,
2017a).

This is an exploratory study to understand the physiological basis of
effects of biofeedback on anxiety disorders, depressive disorders and
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stress in TLE. In this case-control trial we therefore aimed to i) replicate
previous results of skin conductance biofeedback effects on seizure
control with a control group, in a larger sample than previous studies of
PWE with TLE, and to ii) explore how this treatment affects physiolo-
gical and subjective response to emotions.

2. Methods and material

2.1. Participants

Study duration was 24 months (January 2015 – December 2016).
Thirty patients with drug-resistant TLE from the Marseille Timone
University Hospital Regional Epilepsy Service (France) were included.
Inclusion criteria were as follows: TLE, drug-resistant epilepsy (defined
as failure to control seizures despite adequate trials of at least 2 AEDs),
age between 18 and 65 years, duration of epilepsy> 3 years, seizure
frequency at least 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. None of the patients had
change in their treatment during the study. No patient had previously
practised biofeedback nor taken part in a biofeedback study.

Gender, age, laterality of epilepsy, 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, partici-
pants gave their informed written consent. This study was conducted in
accordance with the Declaration of Helsinki and French Good Clinical
Practices.

2.2. Study design

The study design involves several phases. First, at M0 volunteer

patients were included by their neurologists and were asked to keep a
paper seizure diary for the following 9 months. Three months later, at
M3, they underwent structured interview for evaluation of clinical
features (see Section 2.3) and of emotional regulation (see Section 2.4).
For the following 3 months, from M3 to M6, patients were divided into
one of two groups: one in which patients received biofeedback treat-
ment, another in which they were on a waiting list for biofeedback
sessions and continued usual treatment during the study period. After
this period, at M6 all patients had a second clinical evaluation and
evaluation of emotional regulation. Finally, at M9, all patients were
asked to report their seizure frequency for the last 3 months (Fig. 1).
Biofeedback sessions were proposed to the control group patients at the
end of the study.

2.3. Clinical evaluation

2.3.1. Seizure evaluation
Patients were asked to keep a seizure diary for 3 months before

(baseline seizure frequency) and 3 months after the biofeedback treat-
ment. Average seizure frequency (per month) was calculated for each of
these periods.

A face-to-face interview was carried out in which patients were
questioned about several aspects of seizures: frequency, age at onset,
type and triggers. For triggers the most commonly reported were pro-
posed (stress, lack of sleep, fatigue, menstrual period) but patients were
free to report any other. The importance of each trigger was evaluated
on a balanced 11 point Likert scale ranging from 0 (“never”) to 10
(“always”).

2.3.2. Psychometric evaluation of stress and affectivity
Patients completed the State-Trait Anxiety Inventory (STAI)

(Spielberger and Vagg, 1984) in order to evaluate anxiety, the Beck

Table 1
Patient demographic and clinical characteristics before and after treatment period.

CBZ: carbamazepine, LCM: lacosamide, LEV: levetiracetam, LMT: lamotrigine, OXC: oxcarbazepine, PGB: pregabalin, TPM: topiramate, VPA: valproic acid, PRP: perampanel, RTG:
retigabine, PHT: phenytoin, COZ: clobazam, CLZ: clonazepam, ZNS: zonisamide, EBZ: eslicarbazepine acetate, VGB: vigabatrin.

Gender Age Laterality of
TLE

Age at onset
of epilepsy

Seizure alert
symptoms (aura/
prodrom)

Number and type of
antiepileptic drugs

Total number of seizures
during 3 month period
before biofeedback

Total number of seizures
during 3 month period
after biofeedback

Percentage of
seizure frequency
change

B1 Man 24 B 7 Yes CBZ, ZNS, CLZ 270 234 −13,33
B2 Woman 51 D 35 Yes LCM, LMT, COZ 7 3 −57,14
B3 Woman 23 G 8 Yes CBZ, LMT, PRP, VGB 183 155 −15,3
B4 Woman 31 G 21 No LEV, LMT 27 13 −51,85
B5 Man 26 G 23 Yes LMT, LEV, LCM 3 1 −66,67
B6 Woman 47 G 35 No LMT, LEV, LCM 3 2 −33,33
B7 Woman 42 D 24 Yes CLZ, LMT 54 21 −61,11
B8 Woman 46 D 12 Yes LMT 56 18 −67,86
B9 Woman 44 G 38 Yes OXC, LCM 11 3 −72,73
B10 Woman 37 G 34 Yes LCM, EBZ 15 9 −40
B11 Woman 24 D 8 Yes EBZ, LEV, COZ 53 46 −13,21
B12 Man 22 D 18 No LEV, LMT, COZ 35 0 −100
B13 Man 18 G 14 Yes CBZ, EBZ, COZ 163 78 −52,15
B14 Woman 45 G 21 Yes LCM, ZNS 10 3 −70
B15 Woman 49 B 16 Yes PHT, TPM, COZ 88 91 3,41
C1 Man 24 G 21 Yes LCM 12 0 −100
C2 Woman 39 G 31 Yes PRP, LMT 12 10 −16,67
C3 Woman 38 B 9 No VPA 47 51 8,51
C4 Woman 34 G 2 No LEV, CBZ 12 19 58,33
C5 Woman 26 D 14 Yes PRP, CBZ, VPA, COZ 11 10 −9.09
C6 Woman 25 G 15 Yes CNZ, LEV, PHT 22 38 72,73
C7 Man 32 G 9 Yes LEV, LMT, COZ 24 26 8,33
C8 Man 40 G 24 Yes CBZ, LEV 10 10 0
C9 Woman 44 G 20 Yes CBZ, TPM, PRP, COZ 24 28 16,67
C10 Man 37 D 6 No PGB, LMT, CLZ 38 84 121,05
C11 Man 45 D 19 No RTG, CBZ, TPM 48 45 −6.25
C12 Woman 65 D 50 Yes OXC, CLZ 23 24 4,35
C13 Woman 42 D 2 Yes LMT 2 2 0
C14 Man 40 G 36 Yes – 26 9 −65,38
C15 Man 25 G 17 Yes LMT, LCM, PRP 60 68 13,33
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