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Introduction:Neuropsychological assessment is an integral component of the surgical procedure in patients with
epilepsy. As no French consensus for neuropsychological assessment was available, the main goal of this work
was to define French neuropsychological procedure consensus in regard to literature review.
Method: A panel of expert in neuropsychology was created within the framework of the French League Against
Epilepsy. A systematic search of publications from 1950 to 2017 listed in PubMed database was conducted lead-
ing to a classification of articles according to their level of scientific evidence. French neuropsychological proce-
dure consensus was then carried out with an expert panel of expert.
Results: Low scientific evidence of neuropsychological data was reported. A panel of expert proposed a compre-
hensive neuropsychological assessment procedure including the exploration of intellectual efficiency, long-term
memory, short-term and working memory, attention, executive functions, processing speed and motor skills,
language, visual processing, praxis, psychobehavioral, and social cognition.
Discussion: A common procedure for assessing cognitive and psychobehavioral function is now available in pa-
tients with epilepsy undergoing surgical evaluation have been established, they may help to improve the quality
of care and the patient experience. This work highlights the need of furthers investigations and the necessity to
develop specific tools with normative data.

© 2019 Elsevier Inc. All rights reserved.
Keywords:
Cognition
Neuropsychology
Epilepsy
Surgery
French recommendations
encephalogram; FLAE, French
ient; GAI, general ability index;
etic resonance imaging; NAP,
eptual reasoning index; PSI,
I, verbal comprehension index;

logy Department, 29 avenue
nce.
1. Introduction

Epilepsy is one of the most common chronic neurological disorders.
According to International League Against Epilepsy's (ILAE) definition,
“epilepsy is a disorder of the brain characterized by an enduring predis-
position to generate epileptic seizures and by the neurobiological, cog-
nitive, psychological, and social consequences of this condition” [1].
Cognitive disorders are frequent at the onset of the disease (up to
70%) [2] and are a major supplementary factor in occupational, social,
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and family disability in addition to those caused by seizures. Epilepsy
surgery may represent a very successful treatment option for many pa-
tients not responding to pharmacological treatment [3]. The main goal
is to stop seizures; however, it is not without cognitive risk [4].

The role of neuropsychological assessment is crucial in presurgical
patients diagnosed with drug-resistant epilepsy. In this context, neuro-
psychological assessment procedure (NAP) aims to identify epilepsy-
related cognitive impairment and their etiologic attribution to lesions,
drug treatment, and mood. The results of NAP contribute to each indi-
vidual patient's postsurgical deficits risk prediction [5]. Major predictors
of neuropsychological outcome include presurgical tests performances,
which reflect functional integrity of the resected tissues and cognitive
reserve capacities [5,6].

A special report from ILAE Neuropsychology Task Force [7] summa-
rizes the role of the neuropsychological assessment and its framework.
An inventory of current standard neuropsychological assessment in
Europe has been published [8] showing high variability with 186 differ-
ent tasks used. Authors argue that neuropsychological tests are not se-
lected according to strong scientific evidence (fidelity, sensitivity,
parallel form, etc.), but rather based on institutional constraints or per-
sonal choices. Currently, no international consensus for NAP has been
published in epilepsy surgery. Furthermore, NAP is very dependent on
native language and cultural background, which need to be taken into
consideration within each country.

The main goal of this work is to define French neuropsychological
procedure consensus in regard to neuropsychological systematic litera-
ture review.

2. Methods

In 2016, with the support of the French chapter of the ILAE, all cen-
ters dispensing epilepsy surgery in France were consulted about their
neuropsychological practice. An online interview was sent to all neuro-
psychologists including ten questions about the organization of the sur-
gery unit, the duration of systematic neuropsychological assessment
and the tests used to assess cognitive functioning [see Appendix A for
details]. Fifteen out of the 16 centers responded. Analysis of these results
reported a high variability in neuropsychological assessment duration
ranging from 1.5 to 6.5 h. Regarding cognitive dimensions, the only con-
sensus found concerned global efficiency with Wechsler intelligence
scales [9], highlighting the heterogeneity and disparity in neuropsycho-
logical practices, as reported in the European survey [8].

Thereafter, a task force of experts in neuropsychology was created
within the French Chapter of the ILAE. Every neuropsychologist meets
at least 25 patients per year for more than two years as defined by
Rosenow et al.[10]. A systematic literature review from 1950 to 2017
listed in PubMed database was conducted by a panel of experts using
a combination of MeSH search terms. Keywords used were related to
epilepsy and cognition (see Appendix B for details). For all citations,
raters conducted an abstract review and excluded studies according
the following criteria: 1) absence of cognitive data, 2) sample size infe-
rior to 20 patients, 3) nonsurgical population, 4) patients with others
etiologies, 5) patients with palliative treatment, 6) studies dealing
with stimulations (EEG [electroencephalogram], Stereo electroenceph-
alogram (SEEG), cognitive rehabilitation), and 7) animal's studies. All
remaining citations then underwent a full text review using a clinical,
neuropsychological, and methodological reading grid designed for this
work. In details, for each study, demographic, clinical, and neuropsycho-
logical data, information on study design, and setting were extracted
(see Appendix C). In addition, data characterizing neuropsychological
assessment utilized in each study were categorized into cognitive
groups based on the domains they are known or assumed to measure
(IQ; speed processing; executive functions; memory; language; visual
processing/spatial/constructive abilities; social cognition; and
psychobehavioral data). Finally, each article was assigned a 4 point
class scale depending on the strength of its methodological quality
adapting the criteria used by the French Health Department (Haute
Autorité de Santé). Class 1 included high statistical power randomized
controlled trials and decision analysis based on well-conducted studies.
Class 2 included low statistical power randomized controlled trials,
well-conducted nonrandomized controlled studies and cohort studies.
Class 3 included case–control studies. Class 4 included comparative
studieswith significant biases, retrospective studies, and case series. Ac-
cording to this classification, Class 1 corresponds to established scien-
tific evidence, Class 2 corresponds to scientific presumption, and
Classes 3 and 4 correspond to a low level of evidence.
3. Results

3.1. Analysis of the literature review

Of the 1920 originally identified abstracts extracted from PubMed
database, 613 met the initial inclusion criteria. Further selection based
on full text resulted in a final selection of 332 articles (see Fig. 1). Sys-
tematic literature review demonstrated a low evidence for neuropsy-
chological purposes in these scientific reports with 0.9% of Class 1
studies, 8.1% of Class 2 studies and more than 90% of Classes 3 and 4
studies. Classes 3 and 4 studies were justified by retrospective design,
missing data, absence of longitudinal design, absence of control group,
and low statistical properties. No French studies are reported in Classes
1 and 2. Only 11 (3,3%) studies are reported with French language (nine
conducted in France, one in Swiss, one in Canada).

Thus, as literature review reports very small number studies with
high statistical power, and only 11 French studies are reported with
low statistical power. Expert agreement has been voted. A panel of ex-
perts defined neuropsychological consensus procedure for French pa-
tients according to psychometric determinants of cognitive tests,
specificity of epilepsy, surgery context, French culture, and literature re-
ports. More specifically, objectives and framework for NAP and test se-
lection were defined. Experts voted for each cognitive domain
assessment based on their clinical experience and the strength of
supporting evidence. Each task or procedure was defined with more
than 90% of approval.
3.2. Neuropsychological consensus procedure based on the opinion of the
expert panel

3.2.1. Objectives of NAP
There are numerous reasons for conducting a neuropsychological as-

sessment for patients with epilepsy including documenting the cogni-
tive profile, learning about the patient's strengths and weaknesses,
assessing cognitive behavior related to antiepileptic treatment, measur-
ing cognitive changes over time, and suggesting adequate cognitive and
behavioral counseling and therapy [7,11,12].

In the case of surgery as a treatment for drug-resistant epilepsy, a
neuropsychological evaluation is crucial to:

1) describe the neuropsychological profile and establish baseline be-
fore surgery;

2) contribute to lateralizing and localizing cognitive dysfunction in re-
lation to the epileptic syndrome (e.g., focus, seizure frequency, anti-
epileptic drugs (AEDs), age at onset, disease duration);

3) estimate cognitive outcome relative to functional adequacy model
and mental reserve capacities [5,6]: determine risks and benefits in
regard to surgery;

4) take into consideration psychological status in the final surgery
decision;

5) estimate the need for neuropsychological rehabilitation and/or psy-
chosocial and/or behavioral therapies pre- and postoperatively;

6) assess cognitive outcome following surgery.



Fig. 1. Flowchart of the study.
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3.2.2. Neuropsychological assessment procedure
This consensus follows ethical and clinical considerations [13].

French neuropsychological procedure includes:

1) an exhaustive report on demographical, socioeducational variables,
personal and cultural background, patient's complaints and expecta-
tions, handedness, epileptic variables (age at onset, focus, seizure
frequency, disease duration) and comorbidities, medication, fatigue
and sleep, psychoactive substance use, past or ongoing assessments,
treatments and therapies;

2) a psychological and behavioral interview and questionnaires (see
Table 1);
3) a comprehensive neuropsychological testing using required and op-
tional tools (see Table 1);

4) a restitution of test results.

In France, assessmentmust be conducted by a clinical neuropsychol-
ogist. In the surgical context, NAP should be performed in optimal con-
ditions: usual AEDs, far from last seizure, without sleep deprivation, in a
quiet office. The minimal estimated duration required to complete the
tests is approximately 5 h, distributed into two sessions with breaks. It
is important to take into consideration additional time (3 h) for inter-
pretation, restitution to the patient andmedical team, and report redac-
tion. Preoperative NAP should be performed within the year preceding

Image of Fig. 1


Table 1
French neuropsychological procedure consensus.

COGNITIVE 
DIMENSIONS REQUIRED TESTS OPTIONAL TESTS 

ANAMNESIS

INTELLECTUAL EFFICIENCY

Intellectual efficiency
Wechsler Adult Intelligence Test-Fourth edition 

(WAIS-IV)1 

Parallel form : no 
-

LONG TERM MEMORY

Verbal memory

High socio-educational level 

Selective Reminding Test2 

Parallel form : yes (2)  

Low socio-educational level 

16-item Free and Cued Recall3

Parallel form : yes (3)  

AND 

Auditory Memory Index 
Wechsler Memory Scale – Fourth Edition (WMS-

IV)4

Parallel form : no

- 

Non-verbal memory 

Brief Visuospatial Memory Test – Revised 
(BVMT-R)5

Parallel form : yes (6) 

and /or 

The Rey–Osterrieth complex figure test  
(ROCF)6

Parallel form : yes (2)  

And 

Faces Recognition  
Wechsler Memory Scale –  
Third Edition (WMS-III)7

Parallel form : no 

- 

Autobiographical 
memory 

- TEMPau8

SHORT TERM & WORKING MEMORY 

Short term memory 

Digit span forward (WAIS-IV)1 

Parallel form : no  

Corsi block-tapping test forward7 

Parallel form : no 

- 

Working memory  

Digit span backward (WAIS-IV)1 

Parallel form : no  

Corsi block-tapping test backward7

Parallel form : no 

Working memory (Test of Attentional 
Performance)9 

Parallel form : no  

Paced Auditory Serial Addition Test (PASAT)2

Parallel form : no

ATTENTION

Alertness - Reaction times (Test of Attentional Performance)9 

Parallel form : no

Selective attention D2-R19

Parallel form : no 
- 

Divided attention 
Divided attention (Test of Attentional 

Performance)9 

Parallel form : no 

- 

Sustained attention 
Sustained attention (Test of Attentional 

Performance) 9 

Parallel form : no

- 

EXECUTIVE FUNCTIONS 

Shifting Trail Making Test B11

Parallel form : no
Flexibility (Test of Attentional Performance)9 

Parallel form : no

80'

10'

60'

10'

10' 

20'

20' 

30' 

5'

5'

5'5'

5'5'

5'

5'

15’

10'

5' 5'

30' 
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Inhibition Stroop test11 

Parallel form : no

Incompatibility (Test of Attentional Performance)9 

Parallel form : no 

And /or 

Go/ No Go (Test of Attentional Performance)9 

Parallel form : no

Verbal initiation Letter « P »11 

Parallel form : no
- 

Deduction Wisconsin Card Sorting Test12 

Parallel form : no
- 

Planification - “Le test des commissions”13 

Parallel form : no

SPEED AND MOTRICITY

Processing speed Processing Speed Scale (WAIS-IV)1 

Parallel form : no 
Reaction times (Test of Attentional Performance)9 

Parallel form : no

Motricity - 

Motor sequence of Luria14

Parallel form : no 

Purdue Pegboard15

Parallel form : no

PRAXIS

Praxis - Praxis16

Parallel form : no

LANGUAGE

Visual naming 
Boston Naming Test 

(BNT)17 

Parallel form : yes (3)

“Batterie d’Evaluation des Troubles Lexicaux” 
(BETL)18 

And / or 

DO40 GREMOTS19 (> 40 year old)

Phonetical fluency Letter P 11 

Parallel form : no - 

Semantical fluency Category « Animal »11 

Parallel form : no - 

Reading / Writing - 
Reading :  BETL18 

And / or 

Qualitative assessment (grapheme and orthography)

Comprehension - Token test 20

Parallel form : no

VISUAL PROCESSING

Perception - 

Visual Object Spatial Perception (VOSP)21 

Parallel form : no  

« Protocole Montréal-Toulouse : évaluation des 
gnosies visuelles (PEGV)22 » 

Parallel form : no 

Judgment Orientation Lines (JOL)23 

Parallel form : no  

Visual Field test (Test of Attentional Performance)9 

Parallel form : no

Perceptual reasoning Perceptual Reasoning Scale WAIS-IV1 

Parallel form : no 
- 

PSYCHOBEHAVIORAL AND SOCIAL COGNITION

Depression  Beck Depression Inventory (BDI)24  Mini International Neuropsychiatric Interview  
(MINI)25 

Anxiety The State-Trait Anxiety Inventory (STAI)26 -

Apathy Apathy Evaluation Scale (AES)27 The Lille Apathy Rating Scale (LARS)28 

Social cognition  RN

Emotional recognition  (NR) 

and / or 

Faux pas29 

and / or 

False belief task30, 31 

QUALITY OF LIFE

Quality of life Quality of Life in Epilepsy Inventory – 3132 Quality of Life in Epilepsy Inventory – 8933

RESTITUTION

5'

10'

5'

2'

15'

5' 10'

5'

5'

5'

2'

5'

5'

10'

5'

60'

5'

5'

5'

5'

30'

25'

20'

10'

5'

5'

20'

5'

10'

5' 15'

10'

2'

20' 

Tests references (1 to 33) are provided in Appendix D in Supplementary data.
1Wechsler, 2012 – 2Dujardin et al., 2004 – 3Van der Linder et al. 2004 – 4Wechsler, 2012 – 5Benedict et al., 1996 – 6Wallon et al., 2009 – 7Wechsler, 2001 – 8Piolino et al.,
2000 – 9Zimmermann & Fimm, 1995 – 10Brickenkamp et al., 2010 – 11Roussel & Godefroy, 2008 – 12Heaton et al., 2007 – 13Martin, 1972 – 14Luria, 2012 – 15Tiffin, 2010 –
16Mahieux-Laurent et al., 2009 – 17Colombo & Assal, 1992 // Roussel & Godefroy, 2016 – 18Tran & Godefroy, 2011 – 19Bézy et al., 2016 – 20De Renzi & Faglioni, 1978 –
21Warrington & James, 1991 – 22Agniel et al., 1993 – 23Benton et al., 1983 – 24Beck, 1998 – 25Lecrubier et al., 1998 – 26Gauthier & Bouchard, 1993 – 27Marin et al., 1991 –
28Sockeel et al., 2006 – 29Delbeuck et al., 2010 – 30Desgranges et al., 2012– 31Biervoye et al., 2018 – 32Picot et al., 2004 – 33Cramer et al., 1998 – NR: no recommendation.
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surgery. Postoperative NAP should be performed between six and
twelve months following surgery, and repeated at two and five years
after [14]. A systematic exploration of several cognitive domains, ac-
cording to ILAE [7], is recommended: intellectual efficiency, long-term
memory, short-term and working memory, attention, executive func-
tions, processing speed and motor skills, language, visual processing,
praxis, psychobehavior, and social cognition.

Table 1 summarizes required and optional neuropsychological tests
for French patients. Approximate duration of required test is 8 h, includ-
ing anamnesis and restitution.

4. Discussion

A French Chapter of the ILAE of experts in the neuropsychology of
epilepsy discuss and define a commonprocedure for assessing cognitive
and psychobehavioral function in surgical French patients in regard to
systematic literature review.

Low scientific evidence of neuropsychological data was reported in
this literature review. Indeed, in epilepsy surgery, a lack of randomized
control trials and prospective studies with large samples of participants
is reported, especially regardingneuropsychological assessment [8]. Fur-
thermore, there is a high variability in neuropsychological tools, and few
of them were not validated in French language with robust psychomet-
ric qualities, parallel forms, recent, and appropriate normative data.

In epilepsy surgery, NAP is part of a multidisciplinary approach in
connection with other examinations such as clinical semiology, mag-
netic resonance imaging (MRI), functional MRI, positron-emission to-
mography (PET)-scan, and EEG recordings. Neuropsychological profile
contributes to the location of the epileptogenic focus in focal epilepsy,
as cognitive and/or behavioral impairment can provide evidence of lat-
eralization and location of the epileptogenic network.

With consensus, a panel of experts recommends a systematic explo-
ration of the following dimensions, as reported by ILAE [7]: intellectual
efficiency, long-termmemory, short-term andworkingmemory, atten-
tion, executive functions, processing speed and motor skills, language,
visual processing, praxis, psychobehavior, and social cognition. Test se-
lection has been established according to psychometric determinants,
specificity of epilepsy, surgical context, French culture, and literature
reports.

Concerning intellectual efficiency, a consensus was obtained for the
use ofWechsler Adult Intelligence Scale fourth edition [9] in the epilep-
tic population. This scale is used to detect specific developmental learn-
ing deficits, and/or disharmony in competencies. Four indices can be
computed: the verbal comprehension index (VCI), the perceptual rea-
soning index (PRI), the processing speed index (PSI), and the working
memory index (WMI). The full-scale intelligence quotient (FSIQ) is cal-
culated only if indices are homogenous. Full-scale intelligence quotient
may significantly underestimate levels of general intellectual ability in
peoplewith epilepsy. Inaccurate representations of FSIQ due to selective
impairment in workingmemory and reduced processing speed obscure
the contextual interpretation of performance on other neuropsycholog-
ical tests, and subtle localizing and lateralizing signsmay be missed as a
result. With this fourth edition, a general ability index (GAI) that lowers
the impact of processing speed andworkingmemory, can be calculated.
Moreover, GAI–FSIQ discrepancies are correlated with the number of
AEDs, age at onset, and duration of epilepsy [15]. In NAP, the GAI–FSIQ
provides an intellectual profile and a frame for the choice and interpre-
tation of all cognitive tests.

Memory impairment is frequently reported before and after epilepsy
surgery in particular in temporal lobectomy [4,16,17]. Episodic memory
must therefore be explored using a rigorous examination. We recom-
mend testing both verbal and nonverbal modalities. Using more than
one task in each modality will provide information on encoding, learn-
ing, remembering, and forgetting processes as well as memorization of
structured, unstructured, associative, abstract, or concretematerial. Sug-
gested French tools include immediate and delayed recalls, however,
maximum delay available is 35 min. In this context, accelerated forget-
ting (delay more than 4 h) frequently observed in temporal lobe epi-
lepsy [18,19] cannot be explored. Currently, many research studies
focus on this important phenomenon [20,21], and French normative
data is expected in the future with 4 h, 24 h, and a one-week delays.

Concerning short-term and working memory, spans are widely rec-
ognized as a useful assessment task in verbal and nonverbal modalities.
Regarding working memory, required tests explore mental load, and
optional tests are provided to assess updating.

Assessing attentional processes in epilepsy is required by ILAE [7].
Attention is divided into several dimensions: alertness, selective atten-
tion, divided attention and sustained attention [22]. Some AEDs may
have a direct positive effect on cognitive performance by improving
alertness and cognitive abilities in epilepsy [23]. Negative effects of
AEDs on attention could depend on used posology and could therefore
be improved by pre and posttreatment introduction. Improvement of
attention was described after surgery [23] and interpreted as the result
of a general cognitive improvement [24]. Therefore, we recommend
assessing three attentional processes among those described.

Impairment in executive functions is observed in epilepsy regardless
of the location of epileptogenic zone [25,26] and postoperative im-
provement can be reported [4]. Executive functions as defined by
GREFEX group (French executive functions task force providing French
normative data) [27] include shifting, inhibition, verbal initiation, de-
duction, planning, and memory retrieval. A large assessment is there-
fore recommended with at least three functions.

Language is characterized by a complex brain network, depending
mainly on dominant hemisphere functions,which can vary significantly
between individuals. In epilepsy, there is a higher percentage of atypical
language representations [28]. Furthermore, language functions can be
affected by epilepsy, and their assessment is crucial before surgery [29].
Language has a localizing, lateralizing, and even physiopathological
value, to maximize surgical success [30,31]. The most frequently ob-
served deficit is naming deficit [32]. Language disorders are more fre-
quently observed in left temporal lobe epilepsy (TLE), but a significant
proportion of patients with right TLE shows deficits too [32]. Language
assessment should include receptive and productive verbal tasks, as
well as oral and written modalities. A comprehensive language assess-
ment by a speech-therapist is also useful for documentation. As appro-
priate, functionalMRIwith specific language paradigms could be added.

Concerning visual processing, a perceptual reasoning index is
assessed in WAIS-IV. Optional visuoperceptual and visuospatial tests
(visual field, orientation judgment, gnosis, face processing) may be
added, especially in posterior epilepsy [33].

Finally, NAP must include psychobehavioral dimension, because in-
creased rates of psychiatric disturbances are observed in patients with
epilepsy, with respect to the general population [34]. In surgery, a spe-
cific assessment is necessary to interpret the overall clinical profile. De-
pression, apathy, anxiety, and quality of life should be explored using
scales and interviews with a psychiatrist and/or psychologist. A high
prevalence of depression [34] or more generally emotional dysregula-
tion [35] has been reported,which can interferewith postoperative out-
come. Confounding factors, such as sleep disturbances, fatigue, AEDs
effects, need to be considered. Similarly, the impact of social cognition
impairment on the psychosocial functioning and quality of life of pa-
tients is often suspected but remains to be clarified. Some research stud-
ies point to the presence of social cognition disorders in patients with
epilepsy [36–38]. In clinical practice, social cognition abilities remain in-
sufficiently explored in patients with epilepsy, and no consensual as-
sessment of social cognition skills is defined. Further investigations
appear necessary to determine the characteristics, the prevalence, as
well as the impact of epilepsy surgery. In this context, an assessment
of social cognition abilities is encouraged, including emotional process-
ing and theory of mind.

Neuropsychological assessment is essential and systematically re-
quired in epilepsy surgery [39,40]. The main goal of NAP is to estimate
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cognitive outcome relative to the functional adequacymodel andmental
reserve capacities, and to determine risks and benefits in regard to sur-
gery. With this in mind, the first French neuropsychological procedure
consensus has been established and includes a comprehensive procedure
with structured longitudinal steps. Pre- and postoperative assessments
are systematically required to anticipate neuropsychological outcome
following surgery. Preoperative evaluation delay is within one year be-
fore surgery, and postoperative is from 6 months to 1 year, 2 years and
5 years of follow-up, because several longitudinal studies show cognitive
improvement in the long term, depending on seizure's control [14,41].
NAP requires trained professionals, appropriate and recent psychometric
tools, and time constraints (6 to 8 h for each NAP) in order to fully docu-
ment the overall profile and improve patient care in epilepsy units.

These French neuropsychological procedures reflect a current con-
sensus, in relation to the availability of French tests, and they may of
course be perfectible in the future. The psychometric qualities (sensitiv-
ity and specificity) of these tests are not all perfect, and some tests have
not been validated for patients with epilepsy especially, that's why neu-
ropsychological researches should therefore be encouraged and finan-
cially supported to develop appropriate tests for patients with
epilepsy, specific to each country, in particular regarding long-term
memory and social cognition. This work highlights a significant willing
to improve neuropsychological evaluation of French patients with epi-
lepsy who are candidates to surgery.

5. Conclusion

A common procedure for assessing cognitive and psychobehavioral
function for patients with epilepsy undergoing surgical evaluation is
now available and has been established, which may help to improve
the quality of care and the patient experience. This work highlights
the need of further investigations and the necessity to develop specific
tools with normative data.
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