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Introduction

Cognitive and mood impairments represent very common comorbidities of epilepsy. In chronic epilepsies, cognitive deficits can be seen up to 90% of patients [START_REF] Mathon | Predictive factors of long-term outcomes of surgery for mesial temporal lobe epilepsy associated with hippocampal sclerosis[END_REF][START_REF] Elger | Chronic epilepsy and cognition[END_REF], and a depressed mood is observed in about 30% [START_REF] Blumer | Psychiatric outcome of temporal lobectomy for epilepsy: incidence and treatment of psychiatric complications[END_REF]. It is generally considered that cognition and behavior in epilepsy are multifactorially determined by structural brain lesions, the active epilepsy, its treatment, and individual reserve capacities [START_REF] Elger | Chronic epilepsy and cognition[END_REF]. Moreover, epilepsy disrupts physiology and normal functioning of the body [START_REF] Helmstaedter | Epilepsy and cognition -A bidirectional relationship?[END_REF]. These cognitive, psychiatric and physiological changes may lead to major disruptions of psychomotor skills, defined as movement tasks that lead individuals to learn about their environments.

Psychomotor rehabilitation studies the overall development of the person and is based on a holistic view of the human being [START_REF] Knapen | Comparison of changes in physical self-concept, global self-esteem, depression and anxiety following two different psychomotor therapy programs in nonpsychotic psychiatric inpatients[END_REF]. This view is drawn from the unity of body and mind, and integrates the cognitive, emotional, and physical aspects and the capacity of being and acting in a psychosocial context [START_REF] Faulkner | Physical activity in the process of psychiatric rehabilitation: theoretical and methodological issues[END_REF]. The psychomotor examination involves tests that are organized around the body, space and time. Although the management of the epileptic patient by the psychomotor therapist is most often in the interictal period, it is organized around the experience of the epileptic body, its developmental and psychic conflicts and its interactions with the environment. The psychomotor therapist has numerous therapeutic strategies (motor games, relaxation, body language, music and dance) in order to restore the patient adaptation to the environment [START_REF] Knapen | Comparison of changes in physical self-concept, global self-esteem, depression and anxiety following two different psychomotor therapy programs in nonpsychotic psychiatric inpatients[END_REF][START_REF] Faulkner | Physical activity in the process of psychiatric rehabilitation: theoretical and methodological issues[END_REF].

To our knowledge, contrary to cognitive and psychiatric comorbidities, psychomotor functions have never been specifically evaluated in patients with drug-resistant epilepsy. This study aimed first to describe and analyze psychomotor functions in this patient population.

Second, we attempted to identify factors associated with psychomotor deficits.

Material and Methods

Subject recruitment and study design

To evaluate psychomotor functions in adult patients with drug-resistant epilepsy, we performed a case-control study comparing psychomotor skill performances in patients and healthy individuals. We therefore prospectively enrolled all adult patients with drug-resistant epilepsy who were referred for epilepsy surgery (resection surgery or vagus nerve stimulation (VNS)) at the Pitié-Salpêtrière University Hospital (Paris, France) between October 2017 and March 2018. Patients underwent presurgical evaluations as previously described. [START_REF] Mathon | Safety profile of intracranial electrode implantation for video-EEG recordings in drugresistant focal epilepsy[END_REF] These data were analyzed by a multidisciplinary team to determine whether surgical treatment was indicated. Age, gender, level of education, medical history, brain MRI features, seizure and EEG semiology and the expected surgical technique were collected.

Controls were recruited from an institutional panel of voluntary healthy individuals. The eligibility criteria for control recruitment were i) to be from 18 to 60 years of age, ii) have no neurological or psychiatric diseases, iii) to give free access to personal data (e.g. dominant hand, level of education…), iv) to consent to participate in the study. Controls were matched a posteriori to cases on age (within five years), gender and dominant hand side. To increase the power of the study, we enrolled two controls for one case. Psychomotor data from patients were compared with controls.

Psychomotor evaluation

Psychomotor functions were examined in both patients and controls by a psychomotor therapist (A.B.) using a full set of specific tests:

-The Rey-Osterrieth complex figure test (ROCF) is designed to measure both perceptual organization and visuospatial memory. The patient is asked to reproduce a complicated line drawing, first by copying it freehand, and then drawing from memory (3 minutes recall) [START_REF] Fastenau | Adult norms for the Rey-Osterrieth Complex Figure Test and for supplemental recognition and matching trials from the Extended Complex Figure Test[END_REF][START_REF] Tupler | Reliability of the Rey-Osterrieth Complex Figure in use with memory-impaired patients[END_REF].

-Zazzo's Cancellation Task (ZCT) is a cancellation task consisting of 40 lines of target and distractor signs. The target sign is presented at the top of the page. The subject is asked to cross out all the target signs as fast as possible. Scores are the number of correctly crossed out targets and the time spent to complete the task (600 seconds maximum) [START_REF] Giulioli | Normative Scores for Standard Neuropsychological Tests in the Oldest Old From the French Population-Based PAQUID Study[END_REF][START_REF] Roccella | Neuropsychological profiles in preterm low birth weight children][END_REF]. ZCT measures the capacity for sustained attention, concentration, visual scanning, and rapid response activation and inhibition.

-Piaget-Head test. Right versus left awareness (on the patient himself, on others, on the relative position of an object in front of the patient, on imitation, on verbal order, and on a graphic model) was assessed with the right-left battery of Piaget-Head [START_REF] Rigal | Hand efficiency and right-left discrimination[END_REF].

-The paired images test consists in identifying among six images, and during a limited time period, the one identical to the model [START_REF] Toussaint-Thorin | Executive functions of children with developmental dyspraxia: assessment combining neuropsychological and ecological tests[END_REF]. This test includes 10 sets. It evaluates inhibition abilities and impulsivity, mainly with the impulsivity index score.

Results taken into account were total time needed to perform the task, time to the first answer, number of good answers, number of errors, impulsivity index (ratio of the number of errors per time period) and accuracy index (number of right answers per time period).

Statistical analysis

Statistical analyses were performed using SPSS 23.0. We verified normal distribution of the variable using the Kolmogorov-Smirnov test. The differences in the demographical and psychomotor data between the patient and control groups were evaluated using the unpaired t test for continuous variables, and effect sizes were measured using Hedges' g, and by the Model goodness-of-fit was assessed with the determination coefficient (R 2 ). The level of significance for multivariate analyses was set at P < 0.05.

χ

Standard Protocol Approvals, Registrations and Patient Consents

The database is registered with the Commission Nationale de l'Informatique et des Libertés (n°. 2214386). In accordance with the ethical standards of our hospital's institutional review board, the Committee for the Protection of Human Subjects, and French law, written informed consent was not needed for demographic, physiological and hospital-outcome data analyses because this observational study did not modify existing diagnostic or therapeutic strategies; however, patients were informed of their inclusion in the study. The manuscript was prepared in accordance with the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement.

Results

Case-control study for psychomotor skills

We compared data from 40 patients with severe and/or disabling drug-resistant epilepsy who were referred for epilepsy surgery and 80 controls. Patient and control characteristics are summarized in Table 1. The two groups did not differ in age, sex, dominant hand and level of education.

Regarding psychomotor skills, comparisons between the two groups showed significant worse performances in the patient group than in control for most of the tests (Table 1). The total time to complete the dual task of the ZCT was significantly longer in the patient group (P = 0.02), but not for the single task (P = 0.35) and the paired images test (P = 0.2).

Eleven (27.5%) patients with epileptic encephalopathy were included in the study. If the patients with epileptic encephalopathy were excluded from the statistical analysis, epileptic patients had significant lower scores than controls for all tests except the ROCF test and the total time of ZCT. These results were therefore quite similar to those obtained if patients with epileptic encephalopathy were included.

Risk factors for psychomotor deficit in the patient group

Piaget-head test

Five variables were found to be significantly associated with a low score on Piaget-Head test: the number of antiepileptic drugs > 2 (P = 0.05), a VNS expected surgery (P = 0.001), a daily seizure frequency (P < 0.001), epileptic encephalopathy (P < 0.001) and MRInegative epilepsy (P < 0.001). After multivariate analysis, a daily seizure frequency (P = 0.04, 95% CI = 1.2-6.2, Fig. 1 A) and epileptic encephalopathy (P < 0.001, 95% CI = 2.6-7.8, Fig. 1 B) were independently associated with poor performances.

Rey-Osterrieth complex figure test

Regarding copy and recall tasks of ROCF test, patients with MRI-negative epilepsy performed more poorly than those with lesional MRIs (copy task, P = 0.003; recall task, P = 0.002). Patients with a daily seizure frequency had lower scores than those experiencing less seizures (P < 0.001; P < 0.001), as well as patients referred for a VNS surgery than those referred for resection surgery (P < 0.001; P < 0.001) and patients with epileptic encephalopathy than others (P < 0.001; P < 0.001). Among these variables, only epileptic encephalopathy was a predictive factor to have poor performances both for copy (P < 0.001, 95% CI = 5.0-9.1, Fig. 1 C) and recall (P < 0.001, 95% CI = 5.1-9.2, Fig. 1 F) tasks. 

Paired images test

Zazzo's Cancellation Task

The type of epileptogenic lesion was independently associated with the patient's efficiency index for both single (P < 0.001, 95% CI = 14.0-34.1, Fig. 1 J) and dual (P < 0.001, 95% CI = 9.3-26.9, Fig. 1 K) tasks. Furthermore, patients with epileptic encephalopathy had a higher inaccuracy rate for both single (P < 0.001, 95% CI = 2.1-4.0, Fig. 1 I) and dual (P < 0.001, 95% CI = 3.1-6.4, Fig. 1 L) tasks. The total time to complete the single task was significantly longer in patients with MRI-negative epilepsy than others (P < 0.001, 95% CI = 16.8-45.3).

Discussion

This study describes psychomotor skills in drug-resistant epileptic patients and highlights risk factors for psychomotor deficit.

Compared with the control group, patients with drug-resistant epilepsy showed worse performance on global psychomotor functions and, more selectively, in assessments exploring perceptual organization and visuospatial memory (ROCF test), laterality awareness (Piaget-Head test), sustained attention, concentration, visual scanning (ZCT), inhibition and impulsivity (paired images test). Impairment of cognitive performance, especially memory, in drug-resistant epileptic patients is well-known [START_REF] Mathon | Predictive factors of long-term outcomes of surgery for mesial temporal lobe epilepsy associated with hippocampal sclerosis[END_REF], but our study also found disorders in fine and gross motor abilities and coordination. The relationship between the mind and the body therefore seems to be degraded.

In general, evaluating the relationship between epilepsy and disorders of cognitive or psychomotor functions is complex in view of the different factors involved, such as age-atonset, type, frequency and severity of seizures, the existence of underlying lesions, focus site, antiepileptic treatment, and the amplitude of the discharges [START_REF] O'reilly | Cognitive outcomes following epilepsy in infancy: A longitudinal community-based study[END_REF][START_REF] Pinton | Cognitive functions in children with benign childhood epilepsy with centrotemporal spikes (BECTS)[END_REF]. However, in our patient series, psychomotor deficits were associated with the severity of epilepsy (epileptic encephalopathy, high seizure frequency, heavy antiepileptic medication). These factors, as well as a history of traumatic brain injury and a poorer baseline performance, are also markers for reduced mental reserve capacities for compensation of cognitive deficits [START_REF] Helmstaedter | Epilepsy and cognition -A bidirectional relationship?[END_REF][START_REF] Trimble | Cognitive hazards of seizure disorders[END_REF][START_REF] Holmes | Is partial epilepsy progressive? Ten-year follow-up of EEG and neuropsychological changes in adults with partial seizures[END_REF]. Moreover, contrary to several studies [START_REF] Piccirilli | Attention problems in epilepsy: possible significance of the epileptogenic focus[END_REF][START_REF] Mcconley | Rey Osterrieth complex figure test spatial and figural scoring: relations to seizure focus and hippocampal pathology in patients with temporal lobe epilepsy[END_REF][START_REF] Schouten | Performance of children with epilepsy on the Rey-Osterrieth complex figure test: is there an effect of localization or lateralization?[END_REF], our results showed no association between the localization nor lateralization of the epileptogenic focus and psychomotor performances. Schouten et al. indeed reported that the temporal localization of the epileptic focus is associated with a poorer performance on ROCF test [START_REF] Schouten | Performance of children with epilepsy on the Rey-Osterrieth complex figure test: is there an effect of localization or lateralization?[END_REF], while Piccirilli et al.

showed for ZCT that patients with right-sided or bilateral focus scored worse, whereas patients with left-sided focus performed as well as the control subjects [START_REF] Piccirilli | Attention problems in epilepsy: possible significance of the epileptogenic focus[END_REF]. In light of these discordant results, our hypothesis is that cognitive and psychomotor disruptions are generated either by the epileptogenic focus, either by the epileptogenic network depending on the severity of the epilepsy.

It can appear somewhat counterintuitive that MRI-negative patients show greater impairments than those with lesional epilepsy. We hypothesize that MRI-negative patients have potentially more complex epileptic networks than patients with focal lesional epilepsy.

The complexity of these epileptic may lead to major psychomotor disruptions. This hypothesis could be verified by a functional MRI study [START_REF] Xiao | Functional MRI-based connectivity analysis: A promising tool for the investigation of the pathophysiology and comorbidity of epilepsy[END_REF].

Our study has limitations and strengths. First, it is monocentric, observational design, but provides Class III evidence that patients with drug-resistant epilepsy might have psychomotor deficits in addition to cognitive difficulties. Second, our institution being a tertiary referral center induces a selection bias, but also reflects the real-world picture of severe drug-resistant epilepsy. Third, patient population is quite heterogeneous regarding type and severity of epilepsies, but this allows to compare the subgroups and highlight risk factors for psychomotor deficits. The main message of this article remains the same with or without the inclusion of patients with epileptic encephalopathy. Last, other tests could have been made like the Porteus maze test that assess graphomotricity.

Since our study showed psychomotor deficits in patients with drug-resistant epilepsy, these deficits could be systematically detected in order to provide psychomotor therapy and improve quality of life. Future studies should assess potential benefits of psychomotor therapy in these patients and psychomotor outcome after epilepsy surgery.
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  high seizure frequency (P = 0.01, 95% CI = 1.03-1.2, Fig. 1 D), a heavy antiepileptic medication (P = 0.03, 95% CI = 1.01-1.2, Fig. 1 E) and MRI-negative epilepsy (P = 0.01, 95% CI = 1.01-1.1, Fig. 1 G), were independently predictive to have a low accuracy index. Moreover, patients with epileptic encephalopathy showed significantly more impulsivity than patients with focal or multifocal epilepsy (P = 0.001, 95% CI = 1.1-1.3, Fig. 1 H).

Fig. 1 .

 1 Fig.1. Box plot showing factors independently associated with psychomotor skills after multivariate analysis for Piaget-Head test (A, B), ROCF test (C, F), paired images test (D, E, G, H) and ZCT (I-L).

  

  multifocal, encephalopathy], epileptogenic lesion [hippocampal sclerosis, focal cortical dysplasia, dysembrioplastic neuroepithelial tumor, cortical malformation, others, MRI negative], surgery type [VNS, resection], side of resection if relevant [right, left]) were examined in the patient group using the unpaired t test or the ANOVA test. Bonferroni's correction was applied for multiple comparisons. Variables with P < 0.05 in univariate analyses were included in a multivariate regression model. All potential explanatory variables included in the multivariable analyses were subjected to collinearity analysis with a correlation matrix. Variables associated with one another were not included in the model.

2 test for categorical variables. Continuous variables expressed as mean ± standard deviation. Potential risk factors for psychomotor deficit (age, sex [male, female], level of education, number of antiepileptic drugs [1-2, 3 or more], preoperative epilepsy duration, seizure frequency [daily, weekly, monthly], lateralization [right, left, bilateral] and localization [temporal, frontal, occipital, parietal, insular, central] of the epileptogenic focus, epilepsy semiology [focal,
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Demographic and psychomotor features