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Abstract

Objective: Lateral temporal lobe epilepsies (LTLE) are poaittaracterized heterogeneous
epilepsies. As the lateral temporal lobe suppastsndt functions, we hypothesized that
neuropsychological profiles could differ accordioghe localization of the seizure focus
within the lateral temporal lobe.

Methods: We retrospectivelgxamined the neuropsychological characteristic&lof
consecutive patients with refractory LTLE assessdte context of a presurgical
investigation at the Pitie-Salpétriere HospitaParis between 1998 and 2018. Precise
localization of the epileptic focus wasrrelated with scores on tests of intelligencenial,
Verbal and Performance 1Q), working memory, episademory (verbal and visual learning
and forgetting), executive functions and langudgkties.

Results: : We demonstrated an impact of the localizatibthe epileptic focus within the
lateral temporal lobe with worse learning and/cg@xive performances depicted in the
infero-basal and pure pole LTLE groups and grdateguage difficulties in the posterior
LTLE group, Antiepileptic drugs had a greater efffb@an parameters related to the epilepsy
itself as the lesion or the disease duration, araly as in medial TLE, the age, the
education, and the sex influenced some cognitaréopmances.

Conclusion: Our findings show that the lateral temporal neteois also part of the neural
substrate for memory processing and executive iiometand suggest that this involvement
could be related to functions devoted to speciflaregions of the temporal lobe (i.e temporal
pole, inferior and basal regions) that support legg and semantic processing.

Key-words: lateral temporal lobe epilepsy, cognition, memeamxecutive functions,
antiepileptic drugs



Highlights

Patients with lateral temporal lobe epilepsies (EJ kexhibit distinct cognitive profiles
Memory processing and executive functions are t&dtem LTLE
Regions that support language and semantic proceast more affected

Anti-epileptic drugs specifically affect cognition



1. Introduction
Lateral temporal lobe epilepsies (LTLE) are stifj@orly studied group of conditions [1].
Available descriptions are lacking or often emphashe absence of typical electro-clinical
LTLE syndrome [2] even though specific seizure abtaristics, such as auditory auras,
aphasic seizures, or a higher propensity to gemerahay help to distinguish lateral temporal
lobe epilepsies from medial temporal lobe epilep$MTLE) [3,4]. On an anatomical and
cognitive point of view, the lateral temporal lokdarge and supports distinct functions.
Schematically, it may be divided into five maimétional regions [5]: (1) the primary
auditory cortex situated on the opercular surfdab@temporal lobe (gyrus of Heschl), (2)
the auditory association cortex that surroundgptimeary auditory cortex and extends to the
superior temporal gyrus [6], (3) the infero-basahporal cortex including the temporal visual
association cortex, and the posterior inferior basial temporal cortices [7] more involved in
language and semantic processing (posterior infegraporal cortex being specifically
involved in the transformation of sound-based laggucodes into modality-independent
meaning representations according to Hickok angpeldanguage model [8]), (4) the
superior temporal cortex on the upper bank of theesgor temporal that includes posteriorly
the Wernicke region for language but may also siciered as a polymodal region
responding to auditory, visual or somatosensomigations, and (5) the temporopolar cortex
or temporal pole (area 38 of Brodmann) which hankessociated with several high-level
cognitive processes such as visual processingpimplex objects and face recognition,
autobiographic memory, semantic processing orosegiotional processing [9].
In addition, numerous studies suggest that lateraporal neocortex could also be part of the
neural substrate for episodic memory [10-14] andkimg memory [15] via semantic
processing. A recent fMRI study in healthy volumsgleas shown that novelty and subsequent
episodic memory responses were observed in preftdateral, and medial temporal cortices,
suggesting that these regions were equally acteefjaged in encoding processes [10]. The
hypothesis was that lateral temporal cortex coufgpsrt the encoding of abstract semantic
attributes into memory. Similarly, fMRI data obtad during a working memory task have
demonstrated increased activation in the postefomiddle and inferior temporal gyri [11].
Here again, the hypothesis was a neural correfaternantic working memory maintenance.
In front of this multiplicity of functions, a neuypsychological heterogeneity could be
suspected but has never been really studied. Terlo#taracterize LTLE neuropsychological
features, more precise localization of the epitefiicus seems therefore mandatoly this

study, we investigated the neuropsychological fgafi consecutive LTLE patients,

4



candidates to epilepsy surgery according to thetdgaalization of the epileptic focus within
the temporal lobe. We also assessed the effe¢hef actors known to influence the
cognitive abilities of patients with epilepsy suahdemographic factors, disease activity,
medication, psychiatric history, side of the setziacus, and lesions (presence/type). We
hypothesized that neuropsychological profiles calitibr according to the localization of the
seizure focus within the lateral temporal lobeaeting the heterogeneity of LTLE. Precise
neuropsychological delineation could further helgtide surgical resections in refractory

LTLE who are candidates to surgery.



2. Material and methods

2.1 Participants
We studied a group of 74 consecutive patients miglalically intractable LTLE assessed in
the context of a presurgical investigation in thpglépsy Unit at the Pitié-Salpétriere Hospital
in Paris between 1998 and 2018. Criteria for inolusvere: 1) a well-defined refractory
lateral TLE with at least one video-EEG recordif@aeizure, 2) a structural MRI, and 3) an
extensive comprehensive neuropsychological assessRegients with global 1Q< 75 were
excluded.
LTLE definition implied a localization of the seraifocus within the neocortex (lateral and
inferolateral surfaces) with the exclusion of seeguarising from MTL structures
(hippocampus, amygdala, and parahippocampal gyrus).
All patients gave their informed written consentred time of the video-EEG exam for further
publication of data related to their epilepsy. T$tisdy was conducted according to the French
ethical legislation and authorized by CNIL commnet{®o. 2146842).
L ocalization boundaries
Based on EEG, neuroimaging (structural MRI, PEB@DM, fMRI) and SEEG findings
(table 1), we classified LTLE patients accordinig&alization approaches:

» A classical anatomical gyral approach that distisiges 3 subregions [16,17]:

o The temporal pole, identified as pure pole latef3}n defined under the
lateral sulcus, at the rostral tip of the tempdohE, inside the most rostral part
of the middle cranial fossa. The boundary betwaertémporal pole and the
superior temporal gyrus was located at the lateaak of the temporopolar
sulcus

0 T1-T2 (superior and middle temporal cortex):

= T1 (superior temporal gyrus): located at the tastaspect of
the temporal lobe, lying inferior to the lateralcsts and superior to the
superior temporal sulcus, extending posteriorlyrfithe temporal pole,
ending at the temporoparietal junction, and blegawth the angular
gyrus and supramarginal gyrus of the inferior gatimbule.

= T2 (middle temporal gyrus): bounded dorsally byshperior temporal
sulcus and superior temporal gyrus and ventrallthiyinferior
temporal sulcus and inferior temporal gyrus, exieggosteriorly from
the temporal pole, blending into the parietal aodmtal lobes with the



limits defined by an arbitrary line, the lateralipgotemporal line
located between the superior and inferior tempswédi

o0 T3-T4 (infero-basal temporal cortex):

= T3 (inferior temporal gyrus): bounded above byittferior temporal
sulcus and below by the lateral occipitotemporédis

= T4:temporal part of the fusiform gyrus, also knoagthe lateral
occipitotemporal gyrus lying on the basal surfate o
the temporal and occipital lobes.

* A functional antero-posterior approach that digtisges an anterior subregion,
defined as the most anterior tip of the temporaéldocated rostrally to the
perirhinal cortex [18] (including the whole templopale region and the anterior
part of T1, T2, T3 and T4 regions) and a postesudaregion (posterior part of T1,
T2, T3 and T4 regions).

2.2 Neuropsychological testing

The comprehensive neuropsychological evaluatioludezl a series of tests providing the
following measures in different cognitive domaingaé¢ measure could involve several
cognitive functions):

1. Intellectual function using the Wechsler Adult liigeence Scales (WAIS-R)
providing scores of global 1Q, verbal 1Q, and perfance IQ as well as IQ subtests
(block design, similarities, digit span, arithmetidormation, coding, L-N
sequencing, picture completion) [19]

2. Verbal learning and memory function using :

a. An adapted procedure of the verbal learning tasfdones-Gotman et al [20]
consisting of learning 13 written abstract wordsoas four successive recall
trials (R1, R2, R3, R4) followed by a 24-hr delayedall test (DR). Three
measures were used:

i. two learning scores: mean average of the four Iretalks (R1-R4) and
learning between the'and the ¥ recall trials (R4-R1)
ii. a forgetting score: R4-DR/R4*100

b. An adapted procedure of verbal paired associasesifeg task from the
Wechsler Memory Scale (WMS-R) consisting of a leagriO verbal paired
associates across three successive learningfoiaed by a 90-min delayed
recall providing a forgetting score computed faa®y and for 4 difficult

paired word associates [21].
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. Non-verbal memory function using the Rey Compleguir¢ Test (RCFT) [22] which

consisted of a copy followed by a 30-min delayexhlieof the Figure. We used the

non-verbal forgetting score (copy trial - DelayeecRll trial / copy trial).

. Short term memory using 4 subtests from the WAI&& WAIS-I1I :

a. The number of digits recalled in the same ordegitCBpan Forward)

b. The number of digits recalled in reverse order {{C8gpan Backward), the

arithmetic and the letter-number sequencing (WAIBsubtests reflecting

working memory function [23].

. Tests sensitive to executive functions:

a. inhibition and psychomotor speed :

Trail making Test (TMT) using the following scoréme required to
complete TMT B - Time required to complete TMT A-f (the
smaller the score is, the better is the performgad ratio
TMTB/TMTA (B/A) [24,25]

Stroop Test requiring to 1) name color of smallasgs, 2) read color
words written in black and 3) name the color ofitiiein which the
color word is written by inhibiting reading the aat word (interference
task). The increase in time taken to perform tktedaondition
compared with to the first one is known as the &irimterference

score[26].

b. abstract reasoning, concept formation and mergzidility: the Wisconsin
Card Sorting Test (WCST) assesses the ability tiocemds (maximum 128

cards) according to specific categories (colomfanumber) in order to

achieve a maximum of 6 categories (one categorngbeampleted after 10

consecutive good responses). This test allows congpthree scores [27,28]:

number of achieved categories

number of cards/number of achieved categoriessftialer the ratio is,
the better is the performance, minimum score= 10)

number of perseverative errors /number of cardsl@iger the ratio is,
the higher is the proportion of perseverative ex.or

c. phonological verbal fluency (number of words begugrby the letters P, R, V

produced in one minute each)
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6. Perceptual motor speed using the coding subtest tihe WAIS-R
7. Constructive and visual skills using :
a. Block design subtest from the WAIS-R
b. Picture completion subtest from the WAIS-R
8. Language function based on [29]:
a. lexical search with:
i. Phonological verbal fluency score (number of wdrdginning by the
letters P, R, V produced in one minute each)
ii. Semantic verbal fluency score (Animals, fruits, @Quations; one
minute each)
b. Similarities subtest from the WAIS-R
c. Reading speed from the Stroop test: Conditionr@gtfsec))

9. Handedness was assessed using the EdinburghQgst [3

2.3 Satigtical analysis

Demographical and clinical data of the three graefdscalization (i.e. pure pole ; T1-T2;
T3-T4) were compared using Kruskal-Wallis for cantus variables and Fisher’'s exact test
for categorical variables. Pairwise Mann-Whitneylddon tests for continuous variables,
and pairwise Fisher’s exact tests for categoriaalables, both with Benjamini-Hochberg
correction were performed for pairwise comparison.

Our main objective was to compare the cognitivecfimming of the three groups of
localization with 27 neuropsychological scores. dléweless, we were also interested in
testing associations between cognitive functiorging 19 effects as age ; sex ; education ;
disease duration ; psychiatric history ; antersidn ; posterior lesion ; lesion type
(DNET/ganglioglioma, dysplasia, no lesion, otherngsion side (left or right) ; antiepileptic
drugs (AEDs) number ; taking new AEDs ; taking SmdliValproate; taking Carbamazepine;
taking Topiramate; taking Levetiracetam; takingzmhazepins; taking Lamotrigine ; taking
Oxcarbazepine. AEDS took by less than 10 patieetg wot selected.

The first step was to pre select variables. Far poirpose, we performed one Generalized
Linear Model (GLM) for each of the neuropsychol@jiscores with the three groups of
localization and each of the 19 other effects ascates. All effects with p<0.1 were
included in the final model in addition to the gpswf localization.

Type Il F-tests were used to test effects. Cohf@nigere calculated to assess effect sizes.

Post-hoc tests on localization group were perforfoegairwise comparison. Normality of
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residuals and heteroskedasticity were checked Nys@ook’s distances and hat values were
computed to investigate potential influencers antiers. Six scores were skewed to the right
and were then log transformed (two of the WCSTesanumber of cards/ number of
achieved categories and number of non-perseveratioes /number of cards ; the two stroop
and TMT scores). Three scores were dichotomizedaan over represented value (i.e. the
0 for easy and difficult paired learning taskse éhfor WCST number of categories). Thus,
for these three scores, GLMs with Bernoulli fanahd logit link were used and GLM with
gaussian family and identity link for the othersvé&h the explorative character of the present
study, no correction of p values for multiple tegtivas applied.

Statistical analyses were performed using R 3(& Foundation for Statistical Computing,

Vienna, Austria. URLhttps://www.R-project.org)
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3.Results

3.1 Sample description (Table 2)

The 74 LTLE patients were 33.2+11.1 (meanzsd) yeltswith 27 (36.5%) women,

16.0+9.6 years of disease duration and 12.7+2.8yaeducation. There were 38 right-side

LTLE (51.4%) and 36 left side LTLE (48.6%).

Patients were divided into localization categobased on localising data according to:

- The gyrus localization: pure pole (n= 32, 43.2%);TR2 (n=19, 25.7%) and T3-T4 (n=23,
31.1%) (Figure 1)

- The anterior/posterior axis with 43 patients belogdo the anterior group, 31 patients to

the posterior group and 7 to both anterior andegy@stgroups.

- Figure 1 -

Four etiological categories were considered: dysgagbastic neuroepithelial tumor
/ganglioglioma (36.5%), no lesion (25.7%), dysmadi7.6%), and others (20.3%: glial scars,

cavernoma, epidermoid cyst, arteriovenous malfaona{Figure?2).

- Figure 2 -

LTLE patients took in average 2 AEDs: 25 patieB.8%) took only new AEDs and 49
patients (66.2%) took both new and old generati&D#8. The most prescribed AEDs were:
Levetiracetam (44.6%), Carbamazepine (41.9%), Lagioé (31.1%), and Sodium
Valproate (27%), followed by Oxcarbazepine (21.6b&€nzodiazepins (18.9%), and
Topiramate (13.5%).

20 patients (27. 8%) underwent an intracerebradypggcal evaluation.

63 patients (85.1%) underwent surgery.

No statistical significant differences on demogiaphand clinical data were noted according
to the localization groups.

-insert here table 1-

3.2 Neuropsychological profile
11



Results on the pre selection variables steps asepted in Table S1 (online resource). Final
models were those with effects with p<0.1. ScotegtiBed by domains are summarized in
table 3.

3.2.1 Localization effect

-Figure 3-

A localization effect was found in forgetting scdoe difficult word lists (Cohen’s f2 = 0.18,
p=0.003), WCST number of cards/number of achiewaegories (Cohen’s f2 =0.11,
p=0.031) and phonological verbal fluency score @uo&f2 = 0.14, p=0.014).

T3-T4 LTLE patients exhibited worse performancestf1-T2 LTLE patients in paired-
associates learning task (forgetting score foraliff word lists, p=0.013).

Pure pole LTLE exhibited worse performances thaifTZ1TLE patients in two domains:
paired-associates learning task (forgetting soardifficult word lists, p=0.041) and
executive functions: both WCST (number of cards/benof achieved categories) and
phonological verbal fluency (respectively p=0.024 8.012)

There was no statistically significant differenbetween pure pole LTLE patients and T3-T4
patients.

Posterior epileptic focus was selected in 8 finatlels (out of 27. See Table S1) and
remained significant in only two. LTLE patients iposterior epileptic focus exhibited
worse performances in similarities 1Q subtest (Gh& = 0.07, p=0.035) and in verbal
phonological fluency (Cohen’s f2 = 0.07, p=0.04@3rt those with anterior epileptic focus.
Anterior epileptic focus was selected in 5 finaldals (out of 27. See Table S1) and did not

remain significant in any.

3.2.2 Demographic data effect

As expected, scholar level was significantly asstec with numerous neuropsychological
scores: global I1Q (f2=0.58, p<0.001), verbal ardgrmance 1Q (f2= 0.53, p<0.001 and
f2=0.19, p=0.001), 5 IQ subtests (arithmetic, samiles, block design, coding, information,
respectively f2=0.20 and p=0.001, f2=0.36 and p&D,.#=0.07 and p=0.041, f2=0.14 and
p=0.005 and f2=0.46 and p<0.001), verbal episodimory learning (average score, f2=0.23
and p<0.001) and forgetting (paired-associatesiegrtask forgetting score (easy list),
f2=0.07 and p=0.043), executive functions (all WCSores, f2 from 0.09 to 0.16 and p from
0.012 to 0.002) and stroop test subtest (condjd@=0.07 and p=0.035), phonological and
semantic fluency scores (f2=0.34 and 0.21 respalgtand both p<0.001) with a higher level

of education associated to better performances.
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As previously described [31], performances improwth age in IQ (global 1Q and
performance 1Q, respectively f2=0.11 and 0.12, p£0.and p=0.006) and in 3 IQ subtests:
arithmetic, similarities, picture completion (respeely f2=0.07 and p=0.041, f2=0.13 and
p=0.006 and f2=0.12 and p=0.006). At the oppopireformances decreased with age in
verbal episodic memory forgetting difficult pairadsociates learning task (f2=0.10, p=0.010)
and in executive tasks (stroop test interfererize) f10, p=0.012).

Women with epilepsy exhibited worse performancegrithmetic 1Q subtest than men
(f2=0.16, p=0.002).

3.2.3 Psychiatric comor bidities effect

The existence of a psychiatric history, includirggpression, was associated with worse
Perceptual motor speed scores using the 1Q codinigst (f2=0.12, p=0.006).

AEDs effect

The number of AEDs negatively affected the difftquaired-associates learning task
(f2=0.10, p=0.009).

Two AEDs had a deleterious cognitive impact: SodWaiproate and Topiramate. LTLE
patients treated by Sodium Valproate exhibited wgesrformances in multiple cognitive
domains: global 1Q (f2=0.08, p=0.035), performal@gf2=0.12, p=0.006) and coding sub
test 1Q (f2=0.11, p=0.012), verbal episodic memegarning (learning score R4-R1, f2=0.13,
p=0.003) and executive function (WCST number oflsartumber of categories, 2=0.07,
p=0.038) than those without Sodium Valproate. LTidfients treated by Topiramate
exhibited worse performances in arithmetic sult@gf2=0.13, p=0.005) and in verbal
episodic memory learning (learning score R4-R10fR6, p=0.042) than those without
Topiramate.

At the opposite, two AEDs had a favourable effectognition: Lamotrigine and
Oxcarbazepine. LTLE patients treated by Lamotridiad better performances in picture
completion subtest 1Q (f2=0.10, p=0.013) and irba¢semantic fluency (f2=0.07, p=0.038)
than those without Lamotrigine. LTLE patients teshby Oxcarbazepine had better
performances in verbal episodic memory learnin@@ge learning score, 2=0.09, p=0.018)
and in executive functions (TMT scores, f2=0.09 ar@8, p=0.015 and p=0.025, TMTB-A
and TMTB/A respectively) than those without Oxcadgaine .

3.2.4 No effect
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We failed to find any statistical significant assdion with: the disease duration, the lesion
type, the side of the epileptic focus, the antegjgiteptic focus, the presence of new AEDs
only or of specific AEDs (Carbamazepine, Levetitaog benzodiazepins).
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Discussion

Three major results emerge from this study: i)ltdoalization of the epileptic focus within the
lateral temporal lobe has an impact on the cognpinofile with worse learning and/or
executive performances depicted in the infero-basdlpure pole LTLE groups and greater
language difficulties in the posterior LTLE grouip AEDs have a greater effect than
parameters related to the epilepsy itself as thiereor the disease duration, and iii) as in
MTLE, the age, the education, and the sex mayenite some cognitive performances.

4.1 Influence of thelocalization

Primary or secondary dysfunction?

The question remains whether the episodic memoexecutive impairments found in our
LTLE patients are related to secondary dysfunatibtine medial temporal structures by
propagation of the epileptic discharge or whetherlateral temporal lobe belongs to the
brain network supporting certain aspects of detiiaanemory or executive functions.
Episodic memory is usually highly related to hipgpal and parahippocampal structures
and executive functions are supported by prefrardgkex but, as mentioned earlier, studies in
healthy volunteers suggest that lateral temporatortex could also be part of the neural
substrate for episodic memory and working memoayse@mantic processing. Studies in
patients also support this hypothesis. A clingtatly that examined 21 LTLE patients
explored by SEEG found that an half of patientslatdd episodic memory deficits [4]
whereas Helmstaedter et al. [15] who addressepdtiiipation of temporomesial and
temporolateral structures in different aspectsemiarative memory in TLE showed that
learning (acquisition and collection processes)warking memory were supported by
neocortical temporolateral structures. Lesionalistsihave also demonstrated that apart from
the medial temporal lobe, the lateral temporalaegvas also responsible for memory
processing in humans and that bilateral damagdgettateral temporal lobe sparing the
hippocampus could lead to verbal and visual menmpairment [33]. Finally, extracellular
recording of neuronal activity during awake neurgsuy suggests that lateral temporal
neocortex could be an integral part of the dedksahemory network and executive
functions. These recordings performed during vepaaled associated learning [34] or during
short-term verbal memory testings [13,8picted changes in frequency of activity in 55—
70% of lateral temporal neurons.

All these findings and our own data support thé flaat the temporal lobe regions beyond the
hippocampal formation may play a role in memorycessing and executive functions.

Deficits according to anatomical subdivisions
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The contribution to memory processing, as alreasigussed, could be related to parallel
semantic computations. If so, one may expect lgssdormances in patients with epilepsy
localized in pure pole, inferior or basal regioal$jnvolved in language processing, object
naming or meta-linguistic semantic tasks [9,11].

Our findings support this hypothesis since infeasdl and pure pole LTLE groups had worse
performances than T1-T2 group in paired-associagsl learning task. In a study that
addressed more specifically the localization ofrémrdings within the lateral temporal lobe,
Ojemann et al. [36] also found evidence for an @mat subdivision in human temporal
cortical neuronal activity related to recent venm&mory. They showed that inferior lateral
and basal cortex (T3-T4 group in our study) welateel to all memory stages (encoding,
storage, retrieval) whether superior-posteriomrtdteortex was more related to implicit and
recognition memory. These findings are in agreemadtht our findings.

Concerning executive functions, we have demonstridu&t pure temporal pole group
exhibited worse executive performances than T110Rm A study that examined
intracerebral electroencephalography recordingmtrents with refractory focal epilepsy
have underlined the role played by the orbitofrbotatex and temporal neocortex in
processing of executive functions [37]. Our firgircould be explained by the direct
anatomical pathway connecting the cortex of theptanal pole and the orbitofrontal cortex
through the uncinate fascicle.

Finally and logically, posterior LTLE patients ekhied worse language performances. This
was an expected finding since the posterior paiti@tuperior and middle temporal gyri are
known to be involved in phonological and lexicalremtic processing [38].

In summaryconverging evidence show that the lateral tempueaktortex is also part of the
neural substrate for memory processing and exextuivctions. Our findings suggest that
this involvement could be related to functions deddo specific subregions of the temporal
lobe (i.e temporal pole, inferior and basal reg)dhat support language and semantic
processing.

4.2 Influence of side

Although a semantic processing is hypothesizexkpdain our results, we did not evidence a
side difference. In healthy volunteers, imaginglss show consistent right hemispheric
contribution during language tasks supporting tleethat the right hemisphere is also
involved in normal language processing. A recerntamaysis of 128 neuroimaging studies
evidenced a specific unilateral right temporal irreonent during sentence/text linguistic

processing tasks [39]. Furthermore, in TLE patidatsyuage-related processing in the right
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hemisphere may differ from that with a functionallyrmal left hemispher®atients with
seizures originating in the left temporal lobe, iftstance, have been shown to have a greater
degree of right hemisphere involvement in langyd@e41]. The present findings suggest that
in LTLE, semantic processing could have a bilatexptesentation.

4.3 Influence of AEDs

We first found that a higher number of AEDs wagagged to worse paired-associates
verbal learning task performances. Numerous studige already underlined that a greater
number of AEDs was significantly and negativelyogssted with cognition in patients with
epilepsy, especially in episodic verbal memoryiasur study), working memory and
processing speed [42].

Beyond polytherapy, the relative contribution ofBd&to cognitive dysfunction is of
relevance. As in our study, most studies agreesthiaie differences exist among the older
generation of AEDs with regard to the effects ogrgon, and some newer generation
molecules may have a better cognitive profile tbiger AEDs [43].

AEDSs negative effects

We demonstrated thiawo AEDs had a deleterious cognitive impact: Sodiatproate and
Topiramate.

A detrimental influence of Sodium Valproate wagatty noted in healthy volunteers [44]

and in PWE who exhibited cognitive problems sucmasory, speech, attention or
psychomotor slowing and overall more attentionabpgms than with Ethosuximide or
Lamotrigine [45].

Concerning Topiramate, negative effects on memashal and executive functions was
demonstrated in healthy volunteers [46] wheready elinical studies in PWE reported
concentration and memory problems (as in our stirdyp to 10% of subjects [47]. Further
studies demonstrated that Topiramate could alszthetly affect language functions even
with very low dosages [48].

AEDs positive effects

At the opposite, positive effects of Lamotrigineanygnitive function epilepsy have already
been reported in PWE [49]. Lamotrigine has alsentghown to have a favourable cognitive
profile in comparison with other AEDs [50]. Asaar study, better performances were noted
with Lamotrigine for verbal fluency scores but ateoinhibition/attention measures. Several
studies have also pointed out the beneficial etfétiamotrigine on alertness and arousal that

could partly explain the cognitive improvement dad.amotrigine [51].
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Studies have indicated no deterioration in learnmgmory or attention in patients treated
with Oxcarbazepine but to our knowledge, only aiielys documented improvement in an

information processing speed task in patients faital epilepsy [52].

We confirmed in this study that particular AEDs nieayve greater potential for negative or

beneficial impacts on cognition in epilepsy.

4.4 | nfluence of other factors

Psychiatric co-morbidity

In this study, we demonstrated thggexsonal psychiatric history, including depressiwas
associated to worse perceptual motor speed in LALBeta-analysis already revealed
significant moderate cognitive deficits in execatiunction, memory and attention in patients
with depression relative to controls [53] highliglot the association between cognition and
psychiatric comorbidities in general.o explain this associationgietemporary models, such
as the cognitive neuropsychological model of desioes propose a causal role of the
cognitive impairment that could drive and maintdé@pressive symptoms [p4Another
hypothesis suggests that their coexistence malyebeansequence of confounding shared
genetic risk factors causing both independently.[BS suggested by our results, the epilepsy

itself could also be considered as another confimgnghared factor.

Age

We found that ageing worsens verbal episodic mermperformances and executive tasks.
This finding has already been reported in boththgalolunteers [56] and PWE [31,57]. Even
if these results may highlight a normal ageing pmeenon, we did not find a worsening of
another cognitive domains with age reinforcingithplication of temporal lobe neocortex in
declarative memory and executive functions.

As previously assessed [31], we found that IQ sc@gkbal IQ and performance 1Q)
improved with age in LTLE patients. The improvemehintellectual abilities with age has
already been reported in another studies that agleldethe evolution of IQ over time in adult
patients with TLE [58,59] and would need furthenftonation.

Sex

LTLE women exhibited worse performances in arithmip subtest than LTLE men.

Studies that have already addressed the gendetseiifiearithmetic across countries in healthy

volunteers suggested that educational context Hagyagorole in sex differences in

mathematics [60]. Consistent with this explanat®edard and Cho [62] demonstrated that
18



countries that practice tracking in upper gradesnaore likely to reveal sex differences in
high school math achievement. This trend may retléterences in boys’ and girls’
educational experiences resulting from a highep@riion of boys placed in advanced classes

and we can speculate here the same hypothesisyeramd girls with epilepsy.

4.5 Limitations of the study

Although the sample size of the patient groups igasonably large compared to other
neuropsychological studies in the domain, limitasiof the sample size may have threatened
our statistical power. Another limitation is thaid#&ory cognition, socio-emotional
processing, and autobiographic memory that are krfowctions of the lateral temporal lobe
were not tested. The strength of our study istickusion of well-characterized LTLE patients
with distinct localizations within the temporal lwho all underwent an overall complete

comprehensive neuropsychological assessment.

4. Conclusion
Our findings show that the lateral temporal neaors also part of the neural substrate for
memory processing and executive functions and sidlat this involvement could be
related to functions devoted to specific subregimirthe temporal lobe (i.e temporal pole,
inferior and basal regions) that support languagkesemantic processing. This specific
neuropsychological delineation could further helgtiide surgical resections in refractory

LTLE who are candidates to surgery.
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Table 1 Localisation methodologies

localisation pure pole T1-T2 T3-T4
methodologies

total number 32 19 23
video EEG 32 19 23
MRI lesion 21 14 20
PET 17 5 9
SISCOM 14 7 6
SEEG 11 4 5
language fMRI 5 6 5
memory fMRI 1 0 0

Wada test 2 0 1

MRI=magnetic resonance imaging, PET= positron eiotstomography, SISCOM= Subtraction
Ictal SPECT Co-registered to MRI, SEEG= stereosbecicephalography, fMRI = functional MRI
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Table 2. Demographic and clinical data comparisetwben the 3 groups of localization.

3

all Pure pole (a)  T1-T2 (b) T3-T4 () P
N=74 N=32 (43.24%) N=19 (25.68%) N=23 (31.08%)
disease duratioryéars) 15.00 12.00 17.00 15.00
[8.00, 20.75] [6.75,18.25]  [13.00,22.00] [7.50,21.50]  0.124
age frears) 30.00 27.50 35.00 27.00
[25.00, 41.00] [24.00, 40.25]  [26.50, 42.00] [25.00, 42.50] 0.683
gender female) 27 (36.49%) 9 (28.12%) 11 (57.89%) 7 (30.43%) 080.
laterality 1.000
right handed 67 (90.54%) 29 (90.62%) 17 (89.47%) 21 (91.30%)
left handed 3 (4.05%) 1 (3.12%) 1 (5.26%) 1 (4.35%)
ambidextrous 4 (5.41%) 2 (6.25%) 1 (5.26%) 1 (4.35%)
scholar levelyears) 12.00 12.50 12.00 12.00

focus side right)

anterior®
Posterior*

history of febrile seizures
history of head trauma
familial history of epilepsy
history of depression

[11.00, 14.00] [11.00, 14.00]

38 (51.35%)
50 (67.57%)
31 (41.89%)
4 (5.41%)
15 (20.27%)
8 (10.81%)
11 (14.86%)

monthly frequency of seizures/ o5

AEDs number

new AEDSs only

lesion type
DNET
dysplasia
no lesion
others

SEEG

surgery

[3.00, 12.00]

2.00
[2.00, 3.00]

25 (33.78%)

27 (36.49%)
13 (17.57%)
19 (25.68%)
15 (20.27%)
20 (27.78%)
63 (85.14%)

13 (40.62%)

32 (100.00%) b,d0 (52.63%) a 8 (34.78%) a
0 (0.00%) b,c

1 (3.12%)
5 (15.62%)
1(3.12%)
5 (15.62%)

8.00
[4.00, 13.50]

2.00
[2.00, 3.00]

11 (34.38%)

10 (31.25%)
5 (15.62%)
11 (34.38%)
6 (18.75%)
11 (35.48%)
28 (87.50%)

[11.50, 14.00] [10.00, 16.50] 0.986
13 (68.42%) 12 (52.17%)0.164

13 (68.42%) a 18 (78.26%)<0.001*

2 (10.53%) 1 (4.35%) 0.692
4 (21.05%) 6 (26.09%) 0.659
3 (15.79%) 4 (17.39%) 0.150
2 (10.53%)

7.00 5.00
[3.00,17.38] [2.00,10.00]  0.354
2.00 3.00
[2.00,3.00] [2.00,3.00]  0.627

6 (31.58%)
0.231

13 (56.52%)

4 (17.39%)

3 (13.04%)

3 (13.04%)

4 (21.05%)
4 (21.05%)
5 (26.32%)
6 (31.58%)
4 (21.05%)

16 (84.21%) 19 (82.61%) 20.9

Notes. Data are given as median [first quartiledtfjuartile] for continuous variables and as cdietrcentages)
for categorical variables.

¥ Kruskal-Wallis was used to compare groups fottiooiwus variables and Fisher’s exact test for caieg|
variables. Pairwise Mann-Whitney-Wilcoxon testsdontinuous variables, and pairwise Fisher’s etests for
categorical variables, both with Benjamini-Hochbeogrection were performed for pairwise comparison.

¥ since all pure pole belonged to the anterior aatgghe statistical analysis was significant tiietentiate the 3

gyrus localization groups, some patients couldtgko both anterior and posterior groups
Abbreviations: AED = antiepileptic drugs ; DNET ysg&gmbryoplasic neuroepithelial tumor, N= number;
SEEG= stereoelectroencephalography (intracerebealipgicalevaluation).
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<0.001*

4 (17.39%) 0.845

8 (34.78%) 1.000

5(22.73%)  0.483



Table 3Pvalues from final Generalized Linear Models with pelected effects

dis histo
grou eas sch Y of AE ne o
Cognitive domains and scores ((one p of ge psyc ant post lesio Ds w C .
] L ag e olar . VP TP LT X si
score may involve several cognitivg local nd hiatr e e n nu A B
. oD e dur lev . . . A M G C de
functions) isatio e Jtio el ic rior rior type mb E 4 BZ
n n disea er Ds
se
Intellectual function
0.0 <0. 0.0
0.95 10 001 0.14 0.7 35
GIQ 5 * * 8 59 *
<0.
0.45 001 0.16 0.05
viQ 8 * 3 9
0.0 0.0
PIQ 0.97 06 0.0 0.3 0.96 0.2 06
6 * 01* 77 4 59 *
<0.
information IQ subtest 0;)9 091 0'619 0'114
L-N sequencing 1Q subtest 0'57 %g
00 00 0.0
. . 021 41 02 0.1 00 05
Ql.arithmetic 8 « + 88 Ol A
0.0 <0.
Similarities IQ subtest 0.16 26 091 0.05 0'93
1 6 5
0.0 0.0
picture completion 1Q subtest 0'740 26 %71 1*3
0.
. 0.33 0.0 0.30 0.14 0.3 27
Block design 1Q subtest 8 a1 6 0 35 4
0. 00
. 0.90 0.0 0.0 0.00 85 12 0.0 0.2
coding IQ subtest 3 68 05 6 6 68 85
. 0.86 0.0 0.0
Digit span forward 5 59 72
Digit span backward 0'769
Verbal learning and memory
function
Forgetting score for easy word Iié‘ts 0.40 01 0.0 0.05
1 39 43* 1
Forgetting score for difficult word lists 0.0 0.0
¥ 0.00 10 0.09 09
3* * 8 *
Jones-Gotman.learning score (R1- <0. 0.0
0.11 0.1 001 18
R4)/4 8 17 . "
0.0 0.0
Jones-Gotman.learning score(R4-R1 0'3(,)8 23 iz
Jones-Gotman.forgetting score 0623 gf
Non-verbal memory function
0.69 0.0
RCFT forgetting score 4 920
Executive functions
WCST.nb_of achieved categor|¥es 0'513 859
WCST.nb_of cards/nb of achieved 0.0
categorie§ 0.03 0.0 38
1* 02* *
WCST.nb of perseverative errors/nb pf
cardsi 0.17 0.0
2 12*
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0. 0.
stroop.conditionf 042 01 0.0 0.3 21 59 0.4
9 06 35* 84 0 9 920
0.0
stroop.interference scofe 0-059 ];2
0.0
TMT.B-A Ai 0.25 0.0 0.1 15
5 84 52 *
0.0
TMT.B/Ai 0.13 0.0 25
0 59 *
L anguage functions
<0. 0. 0.
. 0.01 001 0.04 0.1 18 15 05 0.1
phonological fluency P . o 08 6 8 03 47
<0. 0. 0. 0.0
. 0.19 001 60 60 38 0.1
semantic fluency 5 . 6 3 x 08

¥ log transformed variables

¥ GLMs with Bernoulli family and logit link

VPA = sodium valproate, CBZ=carbamazepine, TPM=topate, LEV=levetiracetam, BZD=benzodiazepins,
LTG=lamotrigine, OXCBZ=0xcarbazepine

GlQ=global 1Q, VIQ=verbal 1Q, PIQ= performance 1Q

RCFT= Rey Complex Figure Test

WCST = Wisconsin Card Sorting Test

TMT= Trail making test

Nb=number
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Figures

Figure 1 : Number of patients according to the gyrus lazdion

Figure2 : Examples of lesions

Figure 3 : Estimated marginal means and post hoc compaakgroup localization,

extracted from GLMs. Only scores with significaffeet of group localization.
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