N

N

Subjective and physiological response to emotions in
temporal lobe epilepsy and psychogenic non-epileptic
seizures
[liana Kotwas, Jean-Arthur Micoulaud-Franchi, Stephanie Khalfa, Aileen

Mcgonigal, Mireille Bastien-Toniazzo, Fabrice Bartolomei

» To cite this version:

Iliana Kotwas, Jean-Arthur Micoulaud-Franchi, Stephanie Khalfa, Aileen Mcgonigal, Mireille Bastien-
Toniazzo, et al.. Subjective and physiological response to emotions in temporal lobe epilepsy
and psychogenic non-epileptic seizures.  Journal of Affective Disorders, 2019, 244, pp.46-53.
10.1016/j.jad.2018.10.004 . hal-02142541

HAL Id: hal-02142541
https://hal.science/hal-02142541
Submitted on 28 May 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-02142541
https://hal.archives-ouvertes.fr

Accepted Manuscript

AFFECTIVE DISORDERS

Subjective and physiological response to emotions in temporal lobe
epilepsy and psychogenic non-epileptic seizures

lliana Kotwas , Jean-Arthur Micoulaud-Franchi, Stéphanie Khalfa ,
Aileen McGonigal , Mireille Bastien-Toniazzo , Fabrice Bartolomei

PII: S0165-0327(18)31300-4

DOI: https://doi.org/10.1016/j.jad.2018.10.004 _ e
Reference: JAD 10165 %50 d
To appear in: Journal of Affective Disorders

Please cite this article as: lliana Kotwas, Jean-Arthur Micoulaud-Franchi, Stéphanie Khalfa ,
Aileen McGonigal , Mireille Bastien-Toniazzo , Fabrice Bartolomei , Subjective and physiological re-
sponse to emotions in temporal lobe epilepsy and psychogenic non-epileptic seizures, Journal of
Affective Disorders (2018), doi: https://doi.org/10.1016/j.jad.2018.10.004

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jad.2018.10.004
https://doi.org/10.1016/j.jad.2018.10.004

Highlights

e TLE and PNES patients have increased risk of comorbid affective disorders

e Patients with these conditions disclose globally lower SCR to emotions than controls

e Differences with the controls are mainly observed in suppression condition

e Therapeutic methods targeting autonomic responses can be of interest for TLE and

PNES
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Abstract

Background: Temporal lobe epilepsy (TLE) and psychogenic non-epileptic seizures (PNES)
are conditions frequently associated with dysfunction in emotional regulation leading to
increased risk of affective disorders. This study investigates emotional processing with an
objective measure of emotional reactivity in patients with TLE and patients with PNES.
Methods: 34 patients with TLE and 14 patients with PNES were evaluated“on skin
conductance responses (SCR) to emotions induced by short films and comparedito 34 healthy
controls. An attention and a suppression condition were performed while viewing the films.
Results: The both groups of patients disclosed lower SCR to emotions compared to controls,
mainly in suppression condition. While TLE patients hadfower SCR in attention condition
than controls for fear, sadness and happiness, PNES ‘had lower SCR only for happiness. In
suppression condition, both had lower SCR than controls except for peacefulness in both
groups and sadness in PNES. Subjective ‘evaluations revealed that both patient’s groups
scored a higher intensity for sadness than_controls in attention and lower for in fear and
disgust in suppression only in TLE:

Limitations: The sample size in the PNES group and the lack of a control group with similar
levels of mood symptoms limited the interpretation of our results.

Conclusion: As.no correlation were found between SCR to emotions and scores of affective
disorders, this pattern of responses might be underpinned by specific pathophysiological and
cognitive_ mechanisms related to TLE and to PNES. Thus, therapeutic approaches targeting

emotional autonomic responses can be of interest in the management of these conditions.
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1. Introduction

In both epilepsy and psychogenic non-epileptic seizures (PNES) there is a high prevalence of
comorbid mood disorders which are often described as the main factor contributing to poorer
quality of life (Garcia, Garcia-Morales, & Gil-Nagel, 2015; Szaflarski et al., 2003). PNES are
involuntary episodes of alteration of consciousness and disturbance of sensory, motor,
autonomic or cognitive functions that can be misdiagnosed as epileptic seizures./They are not
caused by abnormal electrical discharges in the brain and are thought{o be mainly triggered
by emotional distress (Brown, Syed, Benbadis, LaFrance, & Reuber, 2011). Although
epilepsy and PNES are different medical conditions, similarspsychiatric comorbidity occurs in

both.

Depressive disorders and anxiety disorders are,the mast psychiatric comorbidity frequently
associated with epilepsy (Brandt et al., 2010; Gilliam et al., 2004), especially in drug-resistant
patients, and have been demonstrated to be.main factors contributing to poorer quality of life
(Kanner, Barry, Gilliam, Hermann, & Meador, 2010; Luoni et al., 2011). This has been
attributed to different causes, such/as a psychological reaction to a chronic disease, to the
unpredictability of seizures and to the restriction of activities resulting in low self-esteem, to
stigma and social. rejection (Boylan et al., 2004; Vazquez & Devinsky, 2003); but also to
pathophysiological mechanisms common to epilepsy and depressive and anxiety disorders,
which are stress-related comorbidities (Maguire & Salpekar, 2013). In patients with PNES,
comorbid depressive and anxiety symptoms are also a main factor of decreased quality of life
(Myers, Lancman, Laban-Grant, Matzner, & Lancman, 2012; O’Brien et al., 2015; Rawlings,
Brown, & Reuber, 2017). Depressive and anxiety disorders are known to be underpinned by
dysregulation of emotions (Campbell-Sills & Barlow, 2007; Davidson, 2000). Wellbeing and

satisfying social interactions are underpinned by appropriate emotional expression, requiring



adequate emotional regulation strategies (Gross, 2002). From a cognitive point of view,
emotional dysregulation is characterized by modified attentional processing toward emotional
stimuli and difficulties in control of emotional expression. In depressive disorders, attention is
automatically captured by depressive-related stimuli (Gotlib, Krasnoperova, Yue, &
Joormann, 2004), and in anxiety disorders by threatening stimuli (Bar-Haim, Lamy,
Pergamin, Bakermans-Kranenburg, & van ljzendoorn, 2007). These cognitive biases are
associated with deficits in cognitive control and may affect responses in emotienal situations
by altering relevant emotion regulation (Joormann & Quinn, 2014). In<patients with temporal
lobe epilepsy (TLE) an attentional bias toward threatening stimuli has,also been described
(Bourgeat et al., 2011; Lanteaume, Bartolomei, & Bastien-Toniazzo, 2009; Lanteaume et al.,
2012), whereby these biases were expressed as vigilance ordifficulty in disengaging attention
from the stimulus in patients reporting stress as a-seizure-triggering factor. However, in
patients who did not report stress as a triggering factor for epileptic seizures, bias was
expressed rather as an avoidance strategy. In:PNES, a vigilance bias toward threat has been
shown, which was positively caorrelated to basal cortisol levels (Bakvis, Spinhoven, &
Roelofs, 2009). Slower approach behaviours to angry faces than healthy controls were also
demonstrated (Bakvis,.Spinheven, Zitman, & Roelofs, 2011), arguing for the presence of an
avoidance bias in“thesepatients. While precise features of these biases are not yet clearly
understood, impairment in emotional processing in PNES is well established (Brown &

Reuber,'2016; Roberts & Reuber, 2014).

The goal’of this study is to investigate emotional processing with an objective measure of
emotional reactivity in patients with TLE and patients with PNES. Skin conductance response
(SCR) is used since it has been identified to be a measure of peripheral sympathetic
autonomic nervous system activity, and to assess arousal and non-conscious responses to

emotional stimuli (Grapperon, Pignol, & Vion-Dury, 2012; Klorman, Wiesknleld, & Austin,



1975; Levenson, 2006). The groups of patients are compared to healthy controls in a
condition of voluntary attention to emotional feeling, and in a condition of voluntary
suppression of emotional expression using short film sequences inducing different emotions:
fear, disgust, sadness, peacefulness and happiness. We hypothesized that more intense SCR
and subjective evaluations for negative emotions, and less intense responses to positive
emotions, would occur in TLE and PNES patients compared to healthy controls in an
attending condition. Indeed, a physiological hyperactivity in TLE as well as in/PNES could
support the emotional vulnerability toward negative stimuli in both groups of patients. We
also hypothesized less SCR to fear induction in a suppression condition’in TLE and PNES

patients compared to controls, which would indicate poorer control'in patients.

1. Methods and material

1.1 Participants

Thirty-four patients with TLE and fourteen patients'with PNES were recruited for the study in
the Clinical Neurophysiology Department\of the Marseille University Hospital (France).
Inclusion criteria for TLE patientsiwere as follows: EEG-verified diagnosis of TLE, drug-
resistant epilepsy (failure to control seizures despite adequate trials of at least 2 anti-epileptic
drugs), duration of epilepsy more than 3 years. For patients with PNES we used the following
criteria: diagnosed,by video/EEG without ictal EEG discharge during the events and clinical
interview_(LaFrance, Baker, Duncan, Goldstein, & Reuber, 2013). None of the patients in
both groups./had comorbidity other than depressive and anxiety disorders, notably no
peripheral nervous system disorder that might affect SCR. However, two patients in the PNES
group had a history of previous epilepsy, but whose seizures are currently well-controlled.
Thirty-four healthy volunteers, with no history of neurological or psychiatric impairments

were recruited as controls. All participants were aged between 18 and 65 years (Table 1). All



participants received detailed information and gave written informed consent for the present

research.
1.2 Clinical evaluations
2.2.1 Beck Depression Inventory (BDI)

The Beck Depression Inventory (BDI) (Beck, Ward, Mendelson, Mock, & Erbaugh,~1961) is
a self-assessment instrument designed to assess the presence and the severity.of current (past
2 weeks) depressive symptoms. It consists in a 21-item scale in which.the'sum scores are
ranged from O to 63. The higher the score, the more severe the symptoms. are. Each item is
assessed from 0 to 3 to indicate the degree of the severity ofithe symptom screened. BDI is
widely used for screening depression in epilepsy in clinical practice (de Oliveira et al., 2014;
Micoulaud-Franchi, Bartolomei, Duncan, & McGonigal;-2017). A cutoff point at 16 (>16) has
been found to be the best performance score for screening depression in patients with epilepsy

(de Oliveira et al., 2011).
2.2.2 State-Trait Anxiety Inventory(STAI)

Anxiety symptoms were measured by the State-Trait Anxiety Inventory (STAI) (Spielberger
& Vagg, 1984). This self-reported measure is composed in two parts in order to evaluate state
anxiety and trait-anxiety,~State anxiety refers to a transitory emotional state that varies in
intensity and fluctuates over time. Trait anxiety is a stable susceptibility to feel stress and
worry and may be considered as a personality trait. It is a 20-item scale in which each item is
scoredwith a 4-point Likert scale from “not at all” to “very much so” according to the degree
of the symptoms. The total score ranges from 20 to 80; the higher the score, the more severe

the anxiety condition. A total score of 40 or more indicates an anxious condition.

1.3 Evaluation of emotional regulation



The material and procedure were those used by (Reynaud, El-Khoury-Malhame, Blin, &
Khalfa, 2012). This task consisted in presenting 5 films inducing emotional responses (fear,
disgust, sadness, peacefulness and happiness). Each sequence lasted 45 sec. For inducing
happiness the sequence was an excerpt of the French movie “Le Diner de Cons” by Weber ;
for inducing sadness the sequence was extracted from a report on the famine in Biafra by
National Audiovisual Institute ; for inducing fear the sequence was an excerpt of “A Tale of
Two Sisters” by Jee-Woon, which begins with suspense and ends with an intense burst ; for
inducing disgust it was an excerpt of “Accro” by Mettling ; and for inducing peacefulness an

excerpt of “Marche of the Penguins” by Jacquet.

This task was divided into two parts: 1) Attention condition: participants were asked to be
attentive to the emotions they felt when watching the movies and experiencing them. 2)
Suppression condition: participants were asked to“control the emotions felt by trying to
remove any emotional response. No control strategies were suggested, in an attempt to
reproduce the patient’s real-life approach to, emotional regulation. Each subject underwent
both conditions. The 5 movie sequences were randomly presented in pseudo-randomized
order, but the order remained the same for each participant on both conditions (attention and
suppression). The order of presentation of attention and suppression conditions was randomly
counterbalanced between theyparticipants. Between each sequence, a one-minute break was
used for completing a questionnaire aimed at identifying the emotion the participants felt and
the intensity with which they felt the induced emotion. The identification of emotions was
selected from-a.choice between fear, disgust, sadness, peacefulness, happiness or “other”. The
rate of intensity was self-evaluated on a scale from 0 (no emotional intensity) to 9 (very high

emotional intensity).

The films were presented by a computer running E-Prime (Psychology Software Tools, Inc.,
Pittsburgh, PA) and physiological data were acquired by another computer running
AcgKnowledge software (Biopac Systems, Inc., Goleta, CA). Physiological channels were
recorded at a rate of 1,000 Hz in continuous mode using the Biopac MP30 system including

amplifiers for skin conductance responses (SCR) collection. Only phasic responses of skin
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conductance were recorded with the amplifier in the AC position. The module amplifiers used
were 100C. SCR was recorded using 5-mm inner diameter Ag/AgCI electrodes filled with
isotonic electrode paste. Electrodes were attached to the volar surface of the second phalanx
of the second and third left fingers (Fowles et al., 1981). The mean amplitude of peaks of
SCR were measured only during the 45 seconds’ duration of each film. The number of peaks
was manually counted. SCR was obtained by averaging peaks’ amplitude for each film
(Boucsein, 2012). SCR below 0.01 uS was not considered. Artifact correctionsfor SCR
consisted of a visual inspection of respiration and subsequent exclusion of SCR/that seemed

to be influenced by deep breath.

1.4 Statistical analyses

We first compared the three groups in terms of demographic characteristics and
psychoaffective scores using Xz test for categorical variables-/and a Student t-test (TLE vs
Controls; TLE vs PNES ; PNES vs Controls) for quantitative variables. The effects of task
condition (attention vs suppression) and emationsion change on SCR and subjective intensity
was estimated using a linear mixed effect.with two fixed effects (Group: TLE vs. PNES vs.
Controls; and Condition: attention,vs. suppression). Within-subject time factor and between-
subject group factor were.examined. A Mann-Whitney U test was used to perform the
comparisons according=to laterality of seizures in the TLE group. For all the tests, the
accepted significance. level was 5%. For all the tests, the accepted significance level was 5%.

Data analyses were,performed using ‘R’ software.
2. Results
3.1 Sample characteristics

Mean age was 37.56 years (SD = 10.82, range [18-60] years old) for TLE group (20 women,
14 men) and 32.93 (SD = 12.88, range [18-52] years old) for PNES group (11 women, 3 men)
and 31.65 (SD = 10.59, range [19-63] years old) for the control group (24 women, 12 men).

The groups did not differ on age (TLE vs controls (t[66] = 0.896, p=.375) ; TLE vs PNES
9



(t[46] = -1.258, p=.215) ; PNES vs controls (t[46] = 0.378, p=.707)) nor gender (TLE vs
controls (32 [1, n= 68] = 1.03, p =.310) ; TLE vs PNES (2 [1, n= 48] = 1.691, p =.194) ;
PNES vs controls (32 [1, n= 48] = 0.320, p =.572)). Statistical analyses reveal that the
psychiatric comorbidity scores were significantly higher in TLE than controls: BDI (t[66] = -
6.869, p<.001); STAI-A (t[66] = -4.268, p<.001) ; STAI-B (t[66] = -3.652, p<.001). TLE and
PNES were not different on scores for BDI (t[46] = 0.896, p=.375) ; on STAI-A (t[46] =
1.275, p=.209) ; and STAI-B (t[46] = -0.033, p=.974). PNES and controls. were’ different on
BDI (t[46] = 9.167, p<.001) :; STAI-A (t[46] = 5.601, p<.001) ; STAI-B (1[46] = 3.117,
p=.003) (table 2). Concerning BDI, 13/34 TLE patient and 7/15 PNES patients scored higher

than the cut-off (16) indicating a possible depression, although none of the control group did.
3.2 Subjective evaluation of emotional intensity (Fig.1)

In the TLE group the intensity evaluation ‘was_significantly higher in attention than
suppression condition for all emotions : Fear\(estimate: -2.058, standard error: 0.435, t value:
-4.731, p value<.0001), Disgust (estimate: +2.753, standard error: 0.365, t value: -7.3674, p
value<.0001), Sadness (estimate:s -1.735, standard error: 0.654, t value: -4.758, p
value<.0001), peacefulness (estimate: -1.058, standard error: 0.453, t value: -2.336, p value:
.02), happiness (estimate: -1.5, standard error: 0.439, t value: -3.411, p value: .001). In PNES
group the intensity was scored significantly higher in attention condition for Disgust
(estimate;=1.785, standard error: 0.555, t value: -3.215, p value: .002), Sadness (estimate: -
1.357, standard error: 0.568, t value: -2.388, p value: .02) and Peacefulness (estimate: -2.071,
standard error: 0.706, t value: -2.932, p value.004). In control group the intensity scores were
significantly higher in attention condition for Disgust (estimate: -1.03, standard error: 0.36, t
value: -2.858, p value: .005) and Peacefulness (estimate: -1.196, standard error: 0.457, t value:

-2.613, p value: .01) only.
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Comparisons between TLE and control groups reveal that TLE scored lower than controls in
suppression condition for Fear and Disgust but not in attention condition. On the contrary,
they scored higher than controls in attention but not in suppression condition for Sadness.
PNES group differed only with controls on Sadness with higher scores on attention condition

(see Supplementary tables).

In summary, the TLE patients scored the intensity lower when they were asked to'suppress
their own emotional responses than when they were asked to pay attention to.the'emotion they
felt. This was less clear in PNES and controls, but they appeared to‘tend.to-have a similar
pattern, at least for some emotions. However, the groups did net show many differences
between each other, only between TLE and controls with an intensity scored higher in
attention condition for Sadness and lower in Fear and“Disgust in suppression in TLE
compared to controls, and between PNES and_contrels with higher scores for Sadness in

attention condition for PNES

3.3 Electrodermal responses to emotions (Fig.2)

In the control group SCR was/Significantly greater in suppression than attention condition for
Fear (estimate: 0.425, standard error: 0.112, t value: 3.792, p value: .0002) and significantly
greater in attention.than/suppression condition for Happiness (estimate: -0.15 standard error:
0.065, t value:=2.322,p value: .02). In TLE and PNES groups, SCR did not differ between

the task eonditiens'in any of the five emotions.

Comparisons between TLE and controls revealed that group SCR was significantly lower in
TLE than controls in the attention condition for Fear, Sadness and Happiness; and in the
suppression condition for Fear, Disgust, Sadness and Happiness. Comparisons between PNES
and controls revealed that group SCR was significantly lower in PNES than controls in the

attention condition for Happiness only; and in the suppression condition for Fear, Sadness and
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Happiness. TLE and PNES did not differ on any conditions for any emotions (see

Supplementary tables).

Thus, in summary, TLE patients disclosed a very different pattern of SCR to emotions
compared to controls. The results were not significantly different only for Disgust in attention
condition and Peacefulness in both conditions. PNES patients disclosed a trend of lower
responses, but it was only significant for Happiness in both conditions and for Fear and

Sadness in the suppression condition.
3.4 Correlation between scores of depression and anxiety and electredermal responses

No correlations were found between scores at BDI and STAIlzand eleetrodermal responses in
any of the five emotions in both conditions in TLE and PNES group. In control group a
negative correlation was found between BDI scores<and-electrodermal responses to Happiness

in attention condition (r(33)=-0.360, P=.018).
3.5 Effect of epilepsy laterality

The TLE group was composed of 19 patients with left-sided TLE, 11 with right-sided and 4
with bilateral TLE. Due to.Small sample size, the 4 bilateral TLE were not included in the
laterality analysis. Comparisons between left-sided and right-sided TLE patients revealed no
significant differences for intensity rating or for SCR in any of the five emotions in the two

task conditions.
3. Discussion

The goal of this study was to compare physiological changes and subjective evaluations in
responses to emotional induction between TLE patients, PNES patients and healthy controls.
The main result concerning physiological changes is that the groups disclosed different
patterns of SCR to emotions. Globally, TLE and PNES patients showed no differences

between the two task conditions whereas the control group had greater responses for fear in

12



the suppression condition and for happiness in the attention condition. This pattern of results
in controls has already been described since emotional suppression for fear (Reynaud et al.,
2012) and disgust (Gross, 1998a; Gross & Levenson, 1993) increased SCR because the
autonomic sympathetic nervous system is involved in the preparation of intellectual activity
and tasks demanding attention (Critchley, 2002). SCR are also increased by experiencing
pleasant emotions and are mostly related to the arousal of the emotion (Bernat, Patrick,
Benning, & Tellegen, 2006; Bradley, Codispoti, Cuthbert, & Lang, 2001); this,could explain
why SCR are greater for happiness when the participants are asked t@ pay attention to their
emotions and to experience them fully. TLE patients and controls showed different SCR to
most of the emotions in both conditions. This difference was less clear between patients with
PNES and controls, but PNES patients also tended to disclose smaller responses than controls.
On subjective evaluations, the three groups did not globally score differently between each
other. However, in each group participants dended to attribute smaller scores of intensity in
the suppression condition, mostly in the TLE«group which scored all emotions as less intense
in the suppression than in the attention condition, although the PNES group did so only for
disgust, sadness and peacefulness, and the control group for disgust and sadness. Moreover,
the TLE group perceived fear and disgust as being less intense than controls did in the
suppression condition, indicating that their self-perception of emotional suppression is higher.
Impairment in identifying emotions is well-known in TLE, particularly for identification of
emotional facial expression (Amlerova et al., 2014; Bonora et al., 2011; Hlobil, Rathore,
Alexander; Sarma, & Radhakrishnan, 2008; Labudda, Mertens, Steinkroeger, Bien, &
Woermann, 2014; Meletti et al., 2003; Stefano Meletti et al., 2009; Yamada et al., 2005). A
study shown that emotion recognition of facial emotions depends mainly on mesial temporal
structures, particularly the amygdala (Anderson, Spencer, Fulbright, & Phelps, 2000).

Findings in patients with mesial TLE showed that this involvement could be hemisphere-
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dependent (Bonora et al., 2011; Stefano Meletti et al., 2009), but other data did not find any
differences according to epilepsy lateralization (Amlerova et al., 2014). The results in the
present study are in line with Amlerova et al. (2014) findings, since there were no differences
between left-sided and right-sided TLE patients in emotional intensity ratings, or for SCR to
emotions. However, our sample was relatively small, so the conclusion must be taken with
caution. Hemispheric lateralization in emotional processing remains a topic of debate. The
asymmetric hypothesis suggests that each hemisphere is specialized in thewprocessing of
emotions according to their valence (positive emotions for right hemisphere and negative ones
for left hemisphere) (Davidson, 1992; Davidson, Ekman, Saron, Senulis; & Friesen, 1990).
Other findings suggest a dominance of right hemisphere for the processing of all kinds of
emotions (Gainotti, 2018), although other studies found“an advantage of right hemisphere
only for conscious, but not unconscious, perception of negative emotion, but not for positive
ones (Smith & Bulman-Fleming, 2005). ANevertheless, these theories are not mutually
exclusive in the processing of facial emational expression (Prete, Capotosto, Zappasodi, &
Tommasi, 2018) and the role played by the temporal lobe would be dependent on both

hemispheres (Killgore & Yurgelun-Todd, 2007).

The two most studied strategies are the suppression of emotional expression, and
cognitive reappraisal(Gross & John, 2003). Both strategies focused on emotional responses
and aim to hide the behavioral components of the response for suppression, and to reevaluate
an emotional jevent to reduce its impact. In healthy subjects, it has been described that
suppression does not modify the subjective experience of emotion but induces activation of
autonomic responses, whereas reappraisal decreases subjective experience without any
change in autonomic responses (Gross, 1998b). In the present study, the two groups of
patients scored significantly lower in the suppression condition than the attention condition in

several emotions, and no changes were observed on SCR. These results could argue for the
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use of a reappraisal strategy more than suppression of emotional expression. On the other
hand, no instructions about emotional strategy were given for the suppression condition, and
subjects were told only to suppress emotional reactions, so it was not possible to know what
kind of emotional regulation strategies were used by the participants. It has previously been
shown that patients with PNES tend to use more suppression and less reappraisal strategies
than healthy controls (Gul & Ahmad, 2014). Patients with epilepsy tend to use’more often
strategies focusing on emotions and particularly disengagement strategies consisting mainly
in denial, avoidance or distraction from the source of the negative<emotion than healthy

controls (Oosterhuis, 1999).

These results show that the processes of emotion suppression could be modified by TLE and
by PNES. The fact of having lower SCR than controls’but verbal assessment equal to controls
in attention condition in TLE patients suggests a ‘dissociation between their subjective
experience of emotions and their physiological responses to them. These results suggest that
TLE patients subjectively experience emotions (except sadness) in the same way as controls
in the attention condition, but_that they disclose dysfunctions in physiological responses.
These physiological dysfunctions ,could also be related to their associated anxious and
depressive comorbidity. However, Rudolf Hoehn-Saric & McLeod (2000) found that patients
with anxiety disoerder-exhibited reduced physiological reactivity (heart rate, skin conductance,
electromyography)) when exposed to stressful stimuli compared to control subjects. In
depression, data remain unclear, but most of the studies tend to converge to lower overall
SCR'than'in controls without depressive disorder (Sarchiapone et al., 2018). A similar pattern
of results has been observed in studies with emotional induction by reading emotional
eliciting stories (Brankovi¢, 2008) or viewing affective pictures (Mardaga & Hansenne,
2009). On the other hand, increased SCR have also been observed in depressed patients in

responses to affective video-clips compared to neutral ones and to healthy controls (Schneider
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et al., 2012). Thus, heterogeneity of results and study designs do not allow clear conclusions
to be drawn, and it cannot be presumed that the results observed in TLE patients here are
clearly related to associated depressive and anxiety disorders. Indeed, no correlations were
found between scores of depression and anxiety and SCR to emotions in TLE and PNES, and
both groups did not disclose exactly the same pattern of SCR although they were equal on

depression and anxiety scores.

It is possible that the observed hypoactivity compared to healthy controls is‘related to specific
mechanisms involved in these conditions. Dysfunctions and changes“in autonomic nervous
system have been shown in epilepsy and considered related to risk of/Sudden Unexpected
Death in Epilepsy (SUDEP) (Devinsky, 2004; Evrengil €t.al., 2005; Sevcencu & Struijk,
2010). These alterations are not only related to seizures themselves since they also exist
during interictal periods (Devinsky, Perrine, & Theodore, 1994), and are more evident in
drug-resistant TLE (Ansakorpi et al., 2000). These studies focused on cardiovascular
autonomic activity, but others were also conducted on SCR. Poh et al. (2012) investigated
autonomic functioning during_ictal and postictal periods and demonstrated increase in
electrodermal activity during complex partial seizures and generalized tonic-clonic seizures
(Poh et al., 2012); increase invelectrodermal activity also correlated with the increase in the
duration of EEG(suppression in postictal period. However, an inverse relationship has been
observed between )SCR and cortical excitability. Indeed, Nagai, Goldstein, Critchley, &
Fenwick (2004) demonstrated that sympathetic nervous activity, measured by SCR, decreases
when cortical excitation increases, and conversely it increases when cortical excitation
decreases in healthy participants as well as in patients with epilepsy (Nagai, Critchley,
Rothwell, Duncan, & Trimble, 2009). This observation could be a possible explanation of
why patients with TLE disclose reduced SCR to emotions compared to controls. However, in

the present study, TLE and control groups did not differ on SCR to peacefulness, which can
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be considered as an emotional baseline, meaning that the pattern of SCR observed in TLE is
mainly related to physiological emotional dysregulation rather than a global dysfunction of

the autonomic sympathetic nervous system.

Emotional processing using attentional mechanisms has been shown in TLE. Indeed, an
attentional bias toward threatening stimuli has been described (Bourgeat et al., 2011;
Lanteaume et al., 2009). However, the attentional biases in TLE appear to depend‘en stress
vulnerability as a seizure trigger. Patients with stress sensitivity disclase adisengaging
problem to threatening stimuli, whereas those without stress sensitivity..disclose avoiding
behaviour to those stimuli. The attentional bias was correlated with hypometabolism in the
anterior temporal lobe, including amygdala and hippocampus, in patients with stress-triggered
seizures, but not in the non-stress-triggered ones. (Lanteaume et al.,, 2012). This
neurocognitive pattern may underlie seizure stress sensitivity but not depressive or anxiety
disorders comorbid to epilepsy, because the,two_groups did not differ on depressive and
anxiety scales scores. These results argue for specific processing of negative emotional
information in the early stages of attentional processing in patients with epilepsy. However, in
a group of patients with comorbid negative affect evaluated by the Beck Depression Inventory
(Beck et al., 1961), an"event-related potential study showed impairment during later stages of
emotional regulation processing but not in early stages involving attentional processing (De
Taeye et al., 2015); Studies are not all in agreement with regards to differences in emotional
processing between patients with epilepsy and controls; some reports found differences only
for neural stimuli but not emotional ones. Concerning the valence of emotions, (Banks,
Bellerose, Douglas, & Jones-Gotman, 2014) found no differences for emotional faces, but
neutral faces were less accurately recognized by patients with epilepsy. In another study, the

judgment of the intensity and the arousal were also different for neutral stimuli which are
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judged with higher intensity (Bourgeat et al., 2011) and higher arousal (Hennion et al., 2015)

by patients with epilepsy than controls, but not for positive and negative ones.
Limitations

A main limitation of the study is the sample size in the PNES group, and the lack of a control
group with similar levels of mood symptoms to allow interpretation as to whether the
psychophysiological results derive from internalizing disorders more generally, or from
epilepsy or PNES more specifically. Future research would benefit from comparisons with
patients with depressive and anxiety disorders in an attempt to evaluate“if specific psychiatric
diagnoses may directly explain the physiological responses to emotions. Another limitation of
these results is that antiepileptic drugs as well as antidepressant”drugs can influence
autonomic nervous system activity and most of the patients were on medication. Indeed, some
anti-epileptic drugs can cause increased sympathetic activity=during sleep (Hennessy, Tighe,
Binnie, & Nashef, 2001), arrhythmias or elevations of.body temperature or (Devinsky et al.,
1994). Results investigating electrodermal @ctivity and antidepressants have shown mixed
results: some found no correlations between them, whereas others found reduction in
electrodermal activity in subjects taking medications (Sarchiapone et al., 2018). Otherwise,
dissociative symptoms can also influence the autonomic nervous system (Pick, Mellers, &
Goldstein, s. d.; Schéfleing Sattel, . Schmidt, & Sack, 2018), and are known to be frequently
associated with PNES (Reuber'et al., 2011; Roberts & Reuber, 2014). Dissociative symptoms
were not evaluated in the‘present study, but should be considered in future studies. Another
limitation lies in the gender diversity in the groups. All three groups are composed by a larger
proportion of women, and gender differences could influence emotional responses and
sensitivity to aversive information (Bale, 2006). Studies have shown differences in emotional
recognition between women and men, in which women performed better in recognition of
emotional prosody (Demenescu, Mathiak, & Mathiak, 2014; Lambrecht, Kreifelts, &
Wildgruber, 2014) and of emotional facial expressions (Saylik, Raman, & Szameitat, 2018).
However, a recent study found a difference limited to facial expression of disgust recognized
more accurately by women (Connolly, Lefevre, Young, & Lewis, 2018). The groups in the
present study are not statistically different in terms of gender, but they are too small to
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evaluate the differences between gender in each one, especially in PNES group. Further study
should investigate whether gender differences in subjective evaluations and SCR to emotions

exist in TLE patients and PNES patients.

Conclusion

To date, little is known about physiological responses to emotions in patients with TLE and
patients with PNES. Our data showed differences in SCR to several emotions in these both
groups of patients with global physiological hypoactivity, especially in TLE compared to
healthy controls. Further studies are needed to better understand emetional processing and
regulation in these patients, in order to better orientate therapeutic approaches to the
frequently associated psychiatric comorbidity. Management.by*SCR biofeedback has already
shown some efficacy on these comorbidities in patients, with TLE and stress-sensitivity
(Micoulaud-Franchi et al., 2014). Insofar as this approach aims to increase skin conductance
over sessions in order to reduce the seizure onset, this'increase could also underlie its efficacy
on depressive and anxiety disorders.. Thus, studies are needed to investigate how
physiological responses can be .modified by various therapeutic methods and if they are

related to clinical improvement in patients with epilepsy as well as in patients with PNES.
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Fig.1 : Plots of the subjective evaluation of emotional intensity of the three populations (TLE in blue,
PNES in orange, Controls in green) as a function of the,various emotions in both task conditions
(left/A : attention condition ; right/B : suppression condition. Means and standard error bars are

reported).
* p=0.05; ** p <0.001
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Fig.2 : Plots of the mean amplitude of electrodermal responses of the three populations (TLE in blue,
PNES in orange, Controls in green) as a function of the various emotions in both task conditions
(left/A : attention condition ; right/B : suppression condition. Means and standard error bars are
reported).

* p=0.05; ** p <0.001
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Table 1. Demographic and clinical characteristics

TLE group (n= 34)

PNES group (n=14)

Control group (n=34)

Gendre
Age Gender BDI STAI-A STAI-B
Female 20 (59%) 11 (79%) 24 (70%)
Male 14 (41%) 3 (21%) 10/(30%)
Age 37,56 (10.82) 33 (12.79) 31,65 (10.59)
Age of onset
(epilepsy or PNES) 21 (14.13) 25,60 (15.04)
Laterality epilepsy
Left 19/34 (56%)
Right 11/34 (32%)
Bilateral 4/34 (12%)

Medication

Carbamazepine 7/34 (20%)
Clonazepam 3/34 (9%)
Clobazam 6/34 (18%)
Citalopram 1/34 (3%)
Eslicarbazepin acetate 5/34+(15%)
Fluoxetine 1/34 (3%)
Lacosamide 9/34 (26%)
Levetiracetam 9/34(26%)
Lamotriging 11/34 (32%)
Oxcarbazepine 2/34 (6%)
Pregabalin4/34 (12%)
Phenytoin 2/34 (6%)
Topiramate 2/34 (6%)
Perampanel 5/34 (15%)
Vigabatrin 1/34 (3%)

Valproic acid 3/34 (9%)
Zonisamide 4/34 (12%)

Agomelatin 1/14 (7%)
Carbamazepine 2/14 (14%)
Clonazepam 2/14 (14%)
Clobazam 2/14 (14%)
Duloxetine 1/14 (7%)
Eslicarbazepin acetate 1/14 (7%)
Levetiracetam 1/14 (7%)
Nordazepam 1/14 (7%)
Pregabalin 1/14 (7%)
Quetiapine fumarate 1/14 (7%)
Venlafaxin chlorydrate 1/14 (7%)

Table 2. Statistical comparisons on demographic and clinical characteristics between the

three groups.
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TLE (n=34)
PNES (n=14)
Control (n=34)
P-Value

TLE vs Control
TLE vs PNES
PNES vs Control

37.56 (10.82)
32.93 (12.88)
31.65 (10.59)

0.503
0.564
0.748
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20F/14M
11F/3M
24F/10M

0.310
0.194
0.572

15.088 (8.934)
17.786 (8.239)
2.794 (3.198)

<.001
0.375
<.001

41.38 (13.56)
46.79 (12.801)
29.94 (7.777)

<.001
0.209
<.001

49 (13.72)
48.86 (12.955)
38.76 (8.88)

<.001
0.974
.003

Yy

@&

%

35



