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Abstract 

Objective: Lateral temporal lobe epilepsies (LTLE) are poorly characterized heterogeneous 

epilepsies. As the lateral temporal lobe supports distinct functions, we hypothesized that 

neuropsychological profiles could differ according to the localization of the seizure focus 

within the lateral temporal lobe. 

Methods: We retrospectively examined the neuropsychological characteristics of 74 

consecutive patients with refractory LTLE assessed in the context of a presurgical 

investigation at the Pitié-Salpêtrière Hospital in Paris between 1998 and 2018. Precise 

localization of the epileptic focus was correlated with scores on tests of intelligence (Global, 

Verbal and Performance IQ), working memory, episodic memory (verbal and visual learning 

and forgetting), executive functions and language abilities. 

Results: : We demonstrated an impact of the localization of the epileptic focus within the 

lateral temporal lobe with worse learning and/or executive performances depicted in the 

infero-basal and pure pole LTLE groups and greater language difficulties in the posterior 

LTLE group, Antiepileptic drugs had a greater effect than parameters related to the epilepsy 

itself as the lesion or the disease duration, and finally as in medial TLE, the age, the 

education, and  the sex influenced some cognitive performances. 

Conclusion: Our findings show that the lateral temporal neocortex is also part of the neural 

substrate for memory processing and executive functions and suggest that this involvement 

could be related to functions devoted to specific subregions of the temporal lobe (i.e temporal 

pole, inferior and basal regions) that support language and semantic processing. 

 

 

Key-words: lateral temporal lobe epilepsy, cognition, memory, executive functions, 

antiepileptic drugs 
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Highlights 

 

Patients with lateral temporal lobe epilepsies (LTLE) exhibit distinct cognitive profiles 

Memory processing and executive functions are affected in LTLE 

Regions that support language and semantic processing are more affected 

Anti-epileptic drugs specifically affect cognition 
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1. Introduction 

Lateral temporal lobe epilepsies (LTLE) are still a poorly studied group of conditions [1]. 

Available descriptions are lacking or often emphasize the absence of typical electro-clinical 

LTLE syndrome [2] even though specific seizure characteristics, such as auditory auras, 

aphasic seizures, or a higher propensity to generalize, may help to distinguish lateral temporal 

lobe epilepsies from medial temporal lobe epilepsies (MTLE) [3,4]. On an anatomical and 

cognitive point of view, the lateral temporal lobe is large and supports distinct functions. 

Schematically, it may be divided into five  main functional regions [5]: (1)  the primary 

auditory cortex situated on the opercular surface of the temporal lobe (gyrus of Heschl), (2) 

the auditory association cortex that surrounds the primary auditory cortex and extends to the 

superior temporal gyrus [6], (3) the infero-basal temporal cortex including the temporal visual 

association cortex, and the posterior inferior and basal temporal cortices [7] more involved in 

language and semantic processing (posterior inferior temporal cortex being specifically 

involved in the transformation of sound-based language codes into modality-independent 

meaning representations according to Hickok and Poeppel language model [8]), (4) the 

superior temporal cortex on the upper bank of the superior temporal  that includes posteriorly 

the Wernicke region for language but may also be considered as a polymodal region 

responding to auditory, visual or somatosensory stimulations, and (5) the temporopolar cortex 

or temporal pole (area 38 of Brodmann) which has been associated with several high-level 

cognitive processes such as  visual processing for complex objects and face recognition, 

autobiographic memory, semantic processing or  socio-emotional processing [9]. 

In addition, numerous studies suggest that lateral temporal neocortex could also be part of the 

neural substrate for episodic memory [10-14] and working memory [15] via semantic 

processing. A recent fMRI study in healthy volunteers has shown that novelty and subsequent 

episodic memory responses were observed in prefrontal, lateral, and medial temporal cortices, 

suggesting that these regions were equally actively engaged in encoding processes [10]. The 

hypothesis was that lateral temporal cortex could support the encoding of abstract semantic 

attributes into memory.  Similarly, fMRI data obtained during a working memory task have 

demonstrated increased activation in the posterior left middle and inferior temporal gyri [11]. 

Here again, the hypothesis was a neural correlate of semantic working memory maintenance. 

In front of this multiplicity of functions, a neuropsychological heterogeneity could be 

suspected but has never been really studied. To better characterize LTLE  neuropsychological 

features, more precise localization of the epileptic focus seems therefore mandatory.  In this 

study, we investigated the neuropsychological profile of consecutive LTLE patients, 
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candidates to epilepsy surgery according to the exact localization of the epileptic focus within 

the temporal lobe. We also assessed the effect of other factors known to influence the 

cognitive abilities of patients with epilepsy such as demographic factors, disease activity, 

medication, psychiatric history, side of the seizure focus, and lesions (presence/type). We 

hypothesized that neuropsychological profiles could differ according to the localization of the 

seizure focus within the lateral temporal lobe reflecting the heterogeneity of LTLE. Precise 

neuropsychological delineation could further help to guide surgical resections in refractory 

LTLE who are candidates to surgery.  
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2. Material and methods 

2.1 Participants 

We studied a group of 74 consecutive patients with medically intractable LTLE assessed in 

the context of a presurgical investigation in the Epilepsy Unit at the Pitié-Salpêtrière Hospital 

in Paris between 1998 and 2018. Criteria for inclusion were: 1) a well-defined refractory 

lateral TLE with at least one video-EEG recording of a seizure, 2) a structural MRI, and 3) an 

extensive comprehensive neuropsychological assessment. Patients with global IQ< 75 were 

excluded. 

LTLE definition implied a localization of the seizure focus within the neocortex (lateral and 

inferolateral surfaces) with the exclusion of seizures arising from MTL structures 

(hippocampus, amygdala, and parahippocampal gyrus). 

All patients gave their informed written consent at the time of the video-EEG exam for further 

publication of data related to their epilepsy. This study was conducted according to the French 

ethical legislation and authorized by CNIL committee (No. 2146842). 

Localization boundaries 

Based on EEG, neuroimaging (structural MRI, PET, SISCOM, fMRI) and SEEG findings 

(table 1), we classified LTLE patients according 2 localization approaches: 

• A classical anatomical gyral approach that distinguishes 3 subregions [16,17]: 

o The temporal pole, identified as pure pole later on [9]:  defined under the 

lateral sulcus, at the rostral tip of the temporal lobe, inside the most rostral part 

of the middle cranial fossa. The boundary between the temporal pole and the 

superior temporal gyrus was located at the lateral bank of the temporopolar 

sulcus  

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

� T1 (superior temporal gyrus):  located at the top most aspect of 

the temporal lobe, lying inferior to the lateral sulcus and superior to the 

superior temporal sulcus, extending posteriorly from the temporal pole, 

ending at the temporoparietal junction, and blending with the angular 

gyrus and supramarginal gyrus of the inferior parietal lobule. 

� T2 (middle temporal gyrus): bounded dorsally by the superior temporal 

sulcus and superior temporal gyrus and ventrally by the inferior 

temporal sulcus and inferior temporal gyrus, extending posteriorly from 

the temporal pole, blending into the parietal and occipital lobes with the 
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limits defined by an arbitrary line, the lateral parietotemporal line 

located between the superior and inferior temporal sulci  

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

� T3 (inferior temporal gyrus): bounded above by the inferior temporal 

sulcus and below by the lateral occipitotemporal sulcus   

� T4: temporal part of the fusiform gyrus, also known as the lateral 

occipitotemporal gyrus lying on the basal surface of 

the temporal and occipital lobes.  

• A functional antero-posterior approach that distinguishes an anterior subregion, 

defined as the most anterior tip of the temporal lobe, located rostrally to the 

perirhinal cortex [18] (including the whole temporal pole region and the anterior 

part of T1, T2, T3 and T4 regions) and a posterior subregion (posterior part of T1, 

T2, T3 and T4 regions).  

2.2 Neuropsychological testing 

The comprehensive neuropsychological evaluation included a series of tests providing the 

following measures in different cognitive domains (one measure could involve several 

cognitive functions): 

1. Intellectual function using the Wechsler Adult Intelligence Scales (WAIS-R) 

providing scores of global IQ, verbal IQ, and performance IQ  as well as IQ subtests 

(block design, similarities, digit span, arithmetic, information, coding, L-N 

sequencing, picture completion) [19] 

2. Verbal learning and memory function using : 

a. An adapted procedure of the verbal learning task from Jones-Gotman et al [20] 

consisting of learning 13 written abstract words across four successive recall 

trials (R1, R2, R3, R4) followed by a 24-hr delayed recall test (DR). Three 

measures were used: 

i. two learning scores: mean average of the four recall trials (R1-R4) and 

learning between the 1st and the 4th recall trials (R4-R1) 

ii.  a forgetting score: R4-DR/R4*100  

b. An adapted procedure of verbal paired associates learning task from the 

Wechsler Memory Scale (WMS-R) consisting of a learning 10 verbal paired 

associates across three successive learning trials followed by a 90-min delayed 

recall providing a forgetting score computed for 6 easy and for 4 difficult 

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

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

non-verbal forgetting score (copy trial - Delayed Recall trial / copy trial). 

4. Short term memory using 4 subtests from the WAIS-R and WAIS-III : 

a. The number of digits recalled in the same order (Digit Span Forward)  

b. The number of digits recalled in reverse order (Digit Span Backward), the 

arithmetic and the letter-number sequencing (WAIS-III) subtests reflecting 

working memory function [23]. 

5. Tests sensitive to executive functions: 

a. inhibition and psychomotor speed : 

i. Trail making Test (TMT) using the following score : time required to 

complete TMT B - Time required to complete TMT A (B-A) (the 

smaller the score is, the better is the performance) and ratio 

TMTB/TMTA (B/A) [24,25]  

ii.  Stroop Test requiring to 1) name color of small squares, 2) read color 

words written in black and 3) name the color of the ink in which the 

color word is written by inhibiting reading the actual word (interference 

task). The increase in time taken to perform the latter condition 

compared with to the first one is known as the Stroop interference 

score[26].  

b. abstract reasoning, concept formation and mental flexibility: the Wisconsin 

Card Sorting Test (WCST) assesses the ability to sort cards (maximum 128 

cards) according to specific categories (color, form, number) in order to 

achieve a maximum of 6 categories (one category being completed after 10 

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

i. number of achieved categories 

ii.  number of cards/number of achieved categories (the smaller the ratio is, 

the better is the performance, minimum score= 10) 

iii.  number of perseverative errors /number of cards (the larger the ratio is, 

the higher is the proportion of perseverative errors). 

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

produced in one minute each) 
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6. Perceptual motor speed using the coding subtest from the 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 words beginning by the 

letters P, R, V produced in one minute each) 

ii.  Semantic verbal fluency score (Animals, fruits, Occupations; one 

minute each) 

b. Similarities subtest from the WAIS-R 

c. Reading speed from the Stroop test: Condition 2 (time (sec)) 

9. Handedness was assessed using the Edinburgh test [30] 

 

2.3 Statistical analysis 

Demographical and clinical data of the three groups of localization (i.e. pure pole ; T1-T2; 

T3-T4) were compared using Kruskal-Wallis for continuous variables and Fisher’s exact test 

for categorical variables. Pairwise Mann-Whitney-Wilcoxon tests for continuous variables, 

and pairwise Fisher’s exact tests for categorical variables, both with Benjamini-Hochberg 

correction were performed for pairwise comparison. 

Our main objective was to compare the cognitive functioning of the three groups of 

localization with 27 neuropsychological scores. Nevertheless, we were also interested in 

testing associations between cognitive functioning and 19 effects as age ; sex ; education ; 

disease duration ; psychiatric history ; anterior lesion ;  posterior lesion ;  lesion type 

(DNET/ganglioglioma, dysplasia, no lesion, others) ; lesion side (left or right) ;  antiepileptic 

drugs (AEDs) number ; taking new AEDs ; taking Sodium Valproate; taking Carbamazepine;  

taking Topiramate; taking Levetiracetam; taking benzodiazepins; taking Lamotrigine ; taking 

Oxcarbazepine. AEDS took by less than 10 patients were not selected.  

The first step was to pre select variables. For this purpose, we performed one Generalized 

Linear Model (GLM) for each of the neuropsychological scores with the three groups of 

localization and each of the 19 other effects as covariates. All effects with p<0.1 were 

included in the final model in addition to the groups of localization.  

Type II F-tests were used to test effects. Cohen's f2 were calculated to assess effect sizes. 

Post-hoc tests on localization group were performed for pairwise comparison. Normality of 
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residuals and heteroskedasticity were checked visually. Cook’s distances and hat values were 

computed to investigate potential influencers and outliers. Six scores were skewed to the right 

and were then log transformed (two of the WCST scores: number of cards/ number of 

achieved categories and number of non-perseverative errors /number of cards ; the two stroop 

and TMT scores).  Three scores were dichotomized due to an over represented value (i.e. the 

0 for easy and difficult paired learning tasks ; the 6 for WCST number of categories). Thus, 

for these three scores, GLMs with Bernoulli family and logit link were used and GLM with 

gaussian family and identity link for the others. Given the explorative character of the present 

study, no correction of p values for multiple testing was applied. 

Statistical analyses were performed using R 3.6.1. (R Foundation for Statistical Computing, 

Vienna, Austria. URL https://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 (mean±sd) years old, with 27 (36.5%) women, 

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

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

Patients were divided into localization categories based on localising data according to: 

- The gyrus localization: pure pole (n= 32, 43.2%), T1-T2 (n=19, 25.7%) and T3-T4 (n=23, 

31.1%) (Figure 1)  

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

the posterior group and 7 to both anterior and posterior groups.  

 

- Figure 1 - 

 

 

Four etiological categories were considered: dysembryoplastic neuroepithelial tumor 

/ganglioglioma (36.5%), no lesion (25.7%), dysplasia (17.6%), and others (20.3%: glial scars, 

cavernoma, epidermoid cyst, arteriovenous malformation) (Figure2).  

 

- Figure 2 - 

 

LTLE patients took in average 2 AEDs: 25 patients (33.8%) took only new AEDs and 49 

patients (66.2%) took both new and old generation AEDs. The most prescribed AEDs were: 

Levetiracetam (44.6%), Carbamazepine (41.9%), Lamotrigine (31.1%), and Sodium 

Valproate (27%), followed by Oxcarbazepine (21.6%), benzodiazepins (18.9%), and 

Topiramate (13.5%).  

 

 

20 patients (27. 8%) underwent an intracerebral presurgical evaluation. 

63 patients (85.1%) underwent surgery. 

No statistical significant differences on demographical and clinical data were noted according 

to the localization groups. 

-insert here table 1- 

 

3.2 Neuropsychological profile 
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Results on the pre selection variables steps are presented in Table S1 (online resource). Final 

models were those with effects with p<0.1. Scores stratified by domains are summarized in 

table 3. 

3.2.1 Localization effect 

-Figure 3- 

A localization effect was found in forgetting score for difficult word lists (Cohen’s f2 = 0.18, 

p=0.003), WCST number of cards/number of achieved categories (Cohen’s f2 = 0.11, 

p=0.031) and phonological verbal fluency score (Cohen’s f2 = 0.14,  p=0.014). 

T3-T4 LTLE patients exhibited worse performances than T1-T2 LTLE patients in paired-

associates learning task (forgetting score for difficult word lists, p=0.013). 

Pure pole LTLE exhibited worse performances than T1-T2 LTLE patients in two domains: 

paired-associates learning task (forgetting score for difficult word lists, p=0.041) and 

executive functions: both WCST (number of cards/number of achieved categories) and 

phonological verbal fluency (respectively p=0.024 and 0.012) 

There was no statistically significant differences between pure pole LTLE patients and T3-T4 

patients. 

Posterior epileptic focus was selected in 8 final models (out of 27. See Table S1) and 

remained significant in only two. LTLE patients with posterior epileptic focus exhibited 

worse performances in similarities IQ subtest (Cohen’s f2 = 0.07, p=0.035) and in verbal 

phonological fluency (Cohen’s f2 = 0.07, p=0.040) than those with anterior epileptic focus. 

Anterior epileptic focus was selected in 5 final models (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 associated with numerous neuropsychological 

scores:  global IQ (f2=0.58, p<0.001), verbal and performance IQ (f2= 0.53, p<0.001 and 

f2=0.19, p=0.001), 5 IQ subtests (arithmetic, similarities, block design, coding, information, 

respectively f2=0.20 and p=0.001, f2=0.36 and p<0.001, f2=0.07 and p=0.041, f2=0.14 and 

p=0.005 and f2=0.46 and p<0.001), verbal episodic memory learning (average score, f2=0.23 

and p<0.001) and forgetting (paired-associates learning task forgetting score (easy list), 

f2=0.07 and p=0.043), executive functions (all WCST scores, f2 from 0.09 to 0.16 and p from 

0.012 to 0.002) and stroop test subtest (condition 2, f2=0.07 and p=0.035), phonological and 

semantic fluency scores (f2=0.34 and 0.21 respectively and both p<0.001) with a higher level 

of education associated to better performances.  
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As previously described [31], performances improved with age in IQ (global IQ and 

performance IQ, respectively f2=0.11 and 0.12, p=0.010 and p=0.006) and in 3 IQ subtests: 

arithmetic, similarities, picture completion (respectively f2=0.07 and p=0.041, f2=0.13 and 

p=0.006 and f2=0.12 and p=0.006). At the opposite, performances decreased with age in 

verbal episodic memory forgetting difficult paired-associates learning task (f2=0.10, p=0.010) 

and in executive tasks (stroop test interference, f2=0.10, p=0.012).   

Women with epilepsy exhibited worse performances in arithmetic IQ subtest than men 

(f2=0.16, p=0.002). 

 

3.2.3 Psychiatric comorbidities effect 

The existence of a psychiatric history, including depression, was associated with worse 

Perceptual motor speed scores using the IQ coding subtest (f2=0.12, p=0.006).   

AEDs effect 

The number of AEDs negatively affected the difficult paired-associates learning task 

(f2=0.10, p=0.009). 

Two AEDs had a deleterious cognitive impact: Sodium Valproate and Topiramate. LTLE 

patients treated by Sodium Valproate exhibited worse performances in multiple cognitive 

domains: global IQ (f2=0.08, p=0.035), performance IQ (f2=0.12, p=0.006) and coding sub 

test IQ (f2=0.11, p=0.012), verbal episodic memory learning (learning score R4-R1, f2=0.13, 

p=0.003) and executive function (WCST number of cards/number of categories, f2=0.07, 

p=0.038) than those without Sodium Valproate. LTLE patients treated by Topiramate 

exhibited worse performances in arithmetic subtest IQ (f2=0.13, p=0.005) and in verbal 

episodic memory learning (learning score R4-R1, f2=0.06, p=0.042) than those without 

Topiramate. 

At the opposite, two AEDs had a favourable effect on cognition: Lamotrigine and 

Oxcarbazepine. LTLE patients treated by Lamotrigine had better performances in picture 

completion subtest IQ (f2=0.10, p=0.013) and in verbal semantic fluency (f2=0.07, p=0.038) 

than those without Lamotrigine. LTLE patients treated by Oxcarbazepine had better 

performances in verbal episodic memory learning (average learning score, f2=0.09, p=0.018) 

and in executive functions (TMT scores, f2=0.09 and 0.08, p=0.015 and p=0.025, TMTB-A 

and TMTB/A respectively) than those without Oxcarbazepine .  

 

3.2.4 No effect 
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We failed to find any statistical significant association with: the disease duration, the lesion 

type, the side of the epileptic focus, the anterior epileptic focus, the presence of new AEDs 

only or of specific AEDs (Carbamazepine, Levetiracetam, benzodiazepins). 
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Discussion 

Three major results emerge from this study: i) the localization of the epileptic focus within the 

lateral temporal lobe has an impact on the cognitive profile with worse learning and/or 

executive performances depicted in the infero-basal and pure pole LTLE groups and greater 

language difficulties in the posterior LTLE group, ii) AEDs have a greater effect than 

parameters related to the epilepsy itself as the lesion or the disease duration, and  iii) as in 

MTLE, the age, the education, and  the sex may influence some cognitive performances. 

4.1 Influence of the localization  

Primary or secondary dysfunction? 

The question remains whether the episodic memory or executive impairments found in our 

LTLE patients are related to secondary dysfunction of the medial temporal structures by 

propagation of the epileptic discharge or whether the lateral temporal lobe belongs to the 

brain network supporting certain aspects of declarative memory or executive functions. 

Episodic memory is usually highly related to hippocampal and parahippocampal structures 

and executive functions are supported by prefrontal cortex but, as mentioned earlier, studies in 

healthy volunteers suggest that lateral temporal neocortex could also be part of the neural 

substrate for episodic memory and working memory via semantic processing. Studies in 

patients also support this hypothesis.  A clinical study that examined 21 LTLE patients 

explored by SEEG found that an half of patients exhibited episodic memory deficits [4] 

whereas Helmstaedter et al. [15] who addressed the participation of temporomesial and 

temporolateral structures in different aspects of declarative memory in TLE showed that 

learning (acquisition and collection processes) and working memory were supported by 

neocortical temporolateral structures. Lesional studies have also demonstrated that apart from 

the medial temporal lobe, the lateral temporal region was also responsible for memory 

processing in humans and that bilateral damage to the lateral temporal lobe sparing the 

hippocampus could lead to verbal and visual memory impairment [33]. Finally, extracellular 

recording of neuronal activity during awake neurosurgery suggests that lateral temporal 

neocortex could be an integral part of the declarative memory network and executive 

functions. These recordings performed during verbal paired associated learning [34] or during 

short-term verbal memory testings [13,35] depicted changes in frequency of activity in 55–

70% of lateral temporal neurons.   

All these findings and our own data support the fact that the temporal lobe regions beyond the 

hippocampal formation may play a role in memory processing and executive functions.   

Deficits according to anatomical subdivisions 
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The contribution to memory processing, as already discussed, could be related to parallel 

semantic computations. If so, one may expect lesser performances in patients with epilepsy 

localized in pure pole, inferior or basal regions, all involved in language processing, object 

naming or meta-linguistic semantic tasks [9,11]. 

Our findings support this hypothesis since infero-basal and pure pole LTLE groups had worse 

performances than T1-T2 group in paired-associates verbal learning task. In a study that 

addressed more specifically the localization of the recordings within the lateral temporal lobe, 

Ojemann et al. [36] also found evidence for an anatomic subdivision in human temporal 

cortical neuronal activity related to recent verbal memory. They showed that inferior lateral 

and basal cortex (T3-T4 group in our study) were related to all memory stages (encoding, 

storage, retrieval) whether superior-posterior lateral cortex was more related to implicit and 

recognition memory. These findings are in agreement with our findings.   

Concerning executive functions, we have demonstrated that pure temporal pole group 

exhibited worse executive performances than T1-T2 group. A study that examined 

intracerebral electroencephalography recordings in patients with refractory focal epilepsy 

have underlined the role played by the orbitofrontal cortex and temporal neocortex in 

processing of executive functions [37].  Our findings could be explained by the direct 

anatomical pathway connecting the cortex of the temporal pole and the orbitofrontal cortex 

through the uncinate fascicle.  

Finally and logically, posterior LTLE patients exhibited worse language performances. This 

was an expected finding since the posterior part of the superior and middle temporal gyri are 

known to be involved in phonological and lexical-semantic processing [38].  

In summary, converging evidence show that the lateral temporal neocortex is also part of the 

neural substrate for memory processing and executive functions. Our findings suggest that 

this involvement could be related to functions devoted to specific subregions of the temporal 

lobe (i.e temporal pole, inferior and basal regions) that support language and semantic 

processing.  

4.2 Influence of side 

Although  a semantic processing is hypothesized to explain our results, we did not evidence a 

side difference. In healthy volunteers, imaging studies show consistent right hemispheric 

contribution during language tasks supporting the view that the right hemisphere is also 

involved in normal language processing. A recent metanalysis of 128 neuroimaging studies 

evidenced a specific unilateral right temporal involvement during sentence/text linguistic 

processing tasks [39]. Furthermore, in TLE patients, language-related processing in the right 
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hemisphere may differ from that with a functionally normal left hemisphere. Patients with 

seizures originating in the left temporal lobe, for instance, have been shown to have a greater 

degree of right hemisphere involvement in language [40,41]. The present findings suggest that 

in LTLE, semantic processing could have a bilateral representation. 

4.3 Influence of AEDs 

We first found that a higher number of AEDs was associated to worse paired-associates 

verbal learning task performances. Numerous studies have already underlined that a greater 

number of AEDs was significantly and negatively associated with cognition in patients with 

epilepsy, especially in episodic verbal memory (as in our study), working memory and 

processing speed [42]. 

Beyond polytherapy, the relative contribution of AEDs to cognitive dysfunction is of 

relevance. As in our study, most studies agree that some differences exist among the older 

generation of AEDs with regard to the effects on cognition, and some newer generation 

molecules may have a better cognitive profile than older AEDs [43].  

AEDs negative effects 

We demonstrated that two AEDs had a deleterious cognitive impact: Sodium Valproate and 

Topiramate. 

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

and in PWE who exhibited cognitive problems such as memory, speech, attention or 

psychomotor slowing and overall more attentional problems than with Ethosuximide or 

Lamotrigine [45]. 

Concerning Topiramate, negative effects on memory, verbal and executive functions was 

demonstrated in healthy volunteers  [46] whereas  early clinical studies in PWE reported 

concentration and memory problems (as in our study) in up to 10% of subjects [47]. Further 

studies demonstrated that Topiramate could also selectively affect language functions even 

with very low dosages [48].  

AEDs positive effects 

At the opposite, positive effects of Lamotrigine on cognitive function epilepsy have already 

been reported in PWE  [49]. Lamotrigine has also been shown to have a favourable cognitive 

profile in comparison with other AEDs  [50]. As in our study, better performances were noted 

with Lamotrigine for verbal fluency scores but also for inhibition/attention measures. Several 

studies have also pointed out the beneficial effect of Lamotrigine on alertness and arousal that 

could partly explain the cognitive improvement due to Lamotrigine [51].  
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Studies have indicated no deterioration in learning, memory or attention in patients treated 

with Oxcarbazepine but to our knowledge, only one study documented improvement in an 

information processing speed task in patients with focal epilepsy [52]. 

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

beneficial impacts on cognition in epilepsy. 

 
4.4 Influence of other factors 
 
Psychiatric co-morbidity 

In this study, we demonstrated that a personal psychiatric history, including depression, was 

associated to worse perceptual motor speed in LTLE. A meta-analysis already revealed 

significant moderate cognitive deficits in executive function, memory and attention in patients 

with depression relative to controls [53] highlighting the association between cognition and 

psychiatric comorbidities in general.  To explain this association, contemporary models, such 

as the cognitive neuropsychological model of depression, propose a causal role of the 

cognitive impairment that could drive and maintain depressive symptoms [54]. Another 

hypothesis suggests that their coexistence may be the consequence of confounding shared 

genetic risk factors causing both independently [55]. As suggested by our results, the epilepsy 

itself could also be considered as another confounding shared factor.  

Age 

We found that ageing worsens verbal episodic memory performances and executive tasks. 

This finding has already been reported in both healthy volunteers [56] and PWE [31,57]. Even 

if these results may highlight a normal ageing phenomenon, we did not find a worsening of 

another cognitive domains with age reinforcing the implication of temporal lobe neocortex in 

declarative memory and executive functions. 

As previously assessed [31], we found that IQ scores (global IQ and performance IQ) 

improved with age in LTLE patients. The improvement of intellectual abilities with age has 

already been reported in another studies that addressed the evolution of IQ over time in adult 

patients with TLE [58,59] and would need further confirmation.  

Sex  

LTLE women exhibited worse performances in arithmetic IQ subtest than LTLE men.  

Studies that have already addressed the gender effects in arithmetic across countries in healthy 

volunteers suggested that educational context may play a role in sex differences in 

mathematics [60]. Consistent with this explanation, Bedard and Cho [62] demonstrated that 
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countries that practice tracking in upper grades are more likely to reveal sex differences in 

high school math achievement. This trend may reflect differences in boys’ and girls’ 

educational experiences resulting from a higher proportion of boys placed in advanced classes 

and we can speculate here the same hypothesis for boys and girls with epilepsy. 

 

4.5  Limitations of the study 

Although the sample size of the patient groups was reasonably large compared to other 

neuropsychological studies in the domain, limitations of the sample size may have threatened 

our statistical power. Another limitation is that auditory cognition, socio-emotional 

processing, and autobiographic memory that are known functions of the lateral temporal lobe 

were not tested. The strength of our study is the inclusion of well-characterized LTLE patients 

with distinct localizations within the temporal lobe who all underwent an overall complete 

comprehensive neuropsychological assessment. 

 

4. Conclusion 

Our findings show that the lateral temporal neocortex is also part of the neural substrate for 

memory processing and executive functions and suggest that this involvement could be 

related to functions devoted to specific subregions of the temporal lobe (i.e temporal pole, 

inferior and basal regions) that support language and semantic processing. This specific 

neuropsychological delineation could further help to guide surgical resections in refractory 

LTLE who are candidates to surgery.  
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Table S1(online resource). Pvalues from Generalized Linear Models with 

neuropsychological scores as dependent variables (in line) and each of the 19 effects 

and groups of localization as independent variables.  
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Table 1 Localisation methodologies 

 

localisation 

methodologies 

pure pole T1-T2 T3-T4 

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 emission tomography, SISCOM= Subtraction 
Ictal SPECT Co-registered to MRI, SEEG= stereoelectroencephalography, fMRI = functional MRI 
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Table 2. Demographic and clinical data comparison between the 3 groups of localization. 

  
all 
N=74 

Pure pole (a) 
N=32 (43.24%) 

T1-T2 (b) 
N=19 (25.68%) 

T3-T4 (c) 
N=23 (31.08%) 

p ‡ 

disease duration (years) 
15.00  
[8.00, 20.75] 

12.00  
[6.75, 18.25]  

17.00  
[13.00, 22.00]  

15.00  
[7.50, 21.50]  0.124 

age (years) 
30.00  
[25.00, 41.00] 

27.50  
[24.00, 40.25]  

35.00  
[26.50, 42.00]  

27.00  
[25.00, 42.50]  0.683 

gender (female) 27 (36.49%) 9 (28.12%)  11 (57.89%)  7 (30.43%)  0.089 
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 level (years) 
12.00  
[11.00, 14.00] 

12.50  
[11.00, 14.00]  

12.00  
[11.50, 14.00]  

12.00  
[10.00, 16.50]  0.986 

focus side (right) 38 (51.35%) 13 (40.62%)  13 (68.42%)  12 (52.17%)  0.164 
anterior ¥ 50 (67.57%) 32 (100.00%) b,c 10 (52.63%) a 8 (34.78%) a <0.001* 
Posterior ¥  31 (41.89%) 0 (0.00%) b,c 13 (68.42%) a 18 (78.26%) a <0.001* 
history of febrile seizures 4 (5.41%) 1 (3.12%) 2 (10.53%) 1 (4.35%) 0.692 
history of head trauma 15 (20.27%) 5 (15.62%) 4 (21.05%) 6 (26.09%) 0.659 
familial history of epilepsy 8 (10.81%) 1 (3.12%) 3 (15.79%) 4 (17.39%) 0.150 
history of depression 11 (14.86%) 5 (15.62%) 2 (10.53%) 4 (17.39%) 0.845 
monthly frequency of seizures 

7.25  
[3.00, 12.00] 

8.00  
[4.00, 13.50]  

7.00  
[3.00, 17.38]  

5.00  
[2.00, 10.00]  0.354 

AEDs number 
2.00  
[2.00, 3.00] 

2.00  
[2.00, 3.00]  

2.00  
[2.00, 3.00]  

3.00  
[2.00, 3.00]  0.627 

new AEDs only 25 (33.78%) 11 (34.38%) 6 (31.58%) 8 (34.78%) 1.000 
lesion type 0.231 

DNET 27 (36.49%) 10 (31.25%)  4 (21.05%)  13 (56.52%)  
dysplasia 13 (17.57%) 5 (15.62%) 4 (21.05%) 4 (17.39%) 
no lesion 19 (25.68%) 11 (34.38%) 5 (26.32%) 3 (13.04%) 
others 15 (20.27%) 6 (18.75%) 6 (31.58%) 3 (13.04%) 

SEEG 20 (27.78%) 11 (35.48%) 4 (21.05%) 5 (22.73%) 0.483 
surgery  63 (85.14%) 28 (87.50%) 16 (84.21%) 19 (82.61%) 0.924 
Notes. Data are given as median [first quartile, third quartile] for continuous variables and as count (percentages) 
for categorical variables.  
‡ Kruskal-Wallis was used to compare groups for continuous variables and Fisher’s exact test for categorical 
variables. Pairwise Mann-Whitney-Wilcoxon tests for continuous variables, and pairwise Fisher’s exact tests for 
categorical variables, both with Benjamini-Hochberg correction were performed for pairwise comparison. 
¥ since all pure pole belonged to the anterior category, the statistical analysis was significant to differentiate the 3 
gyrus localization groups, some patients could belong to both anterior and posterior groups 
Abbreviations: AED = antiepileptic drugs ; DNET = dysembryoplasic neuroepithelial tumor, N= number; 
SEEG= stereoelectroencephalography (intracerebral presurgicalevaluation). 
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Table 3 Pvalues from final Generalized Linear Models with pre selected effects 

 

 Cognitive domains and scores ((one 
score may involve several cognitive 

functions) 

grou
p of 
local
isatio

n 

ag
e 

ge
nd
er 

dis
eas
e 

dur
atio
n 

sch
olar 
lev
el 

histo
ry of  
psyc
hiatr
ic  

disea
se 

ant
e 

rior 

post
e 

rior 

lesio
n 

type 

AE
Ds 
nu
mb
er 

ne
w 
A
E
Ds 

VP
A 

C
B
Z 

TP
M 

LT
G 

O
X 
C

BZ 

si
de 

Intellectual function                  

GIQ 
0.95

5 

0.0
10
* 

<0.
001

* 
0.14

8 
0.7
59 

0.0
35
*   

VIQ 
0.45

8 

<0.
001

* 
0.16

3 
0.05

9   

PIQ 
0.97

6 

0.0
06
* 

0.0
01* 

0.3
77 

0.96
4 

0.2
59 

0.0
06
*   

information IQ subtest 
0.09

3 

<0.
001

* 
0.19

6 
0.14

1   

L-N sequencing IQ subtest 
0.97

8 
0.0
66   

QI.arithmetic 
0.21

8 

0.0
41
* 

0.0
02
* 

0.1
88 

0.0
01* 

0.0
05
*   

Similarities IQ subtest 
0.16

1 

0.0
06
* 

<0.
001

* 
0.05

6 
0.03
5*   

picture completion IQ subtest 
0.40

7 

0.0
06
* 

0.1
07 

0.0
13
*   

Block design IQ subtest 
0.33

8 
0.0
41* 

0.30
6 

0.14
0 

0.3
35 

0.
27
4 

coding IQ subtest 
0.90

3 
0.0
68 

0.0
05* 

0.00
6* 

0.
85
6 

0.0
12
* 

0.0
68 

0.2
85   

Digit span forward 
0.86

5 
0.0
59 

0.0
72   

Digit span backward 
0.69

7   
Verbal learning and memory 
function                  

Forgetting score for easy word lists 
¥
 0.40

1 
0.1
39 

0.0
43* 

0.05
1   

Forgetting score for difficult word lists 
¥
 0.00

3* 

0.0
10
* 

0.09
8 

0.0
09
*   

Jones-Gotman.learning score (R1-

R4)/4 
0.11

8 
0.1
17 

<0.
001

* 

0.0
18
*   

Jones-Gotman.learning score(R4-R1) 
0.08

3 

0.0
03
* 

0.0
42
*   

Jones-Gotman.forgetting score 
0.23

6 
0.0
71   

Non-verbal memory function                  

RCFT forgetting score 
0.69

4 
0.0
90   

Executive functions                  

WCST.nb_of achieved categories 
¥
 0.13

5 
0.0
05*   

WCST.nb_of cards/nb of achieved 

categories
‡
 0.03

1* 
0.0
02* 

0.0
38
*   

WCST.nb of perseverative errors/nb of 

cards 
‡
 0.17

2 
0.0
12*   
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stroop.condition2 
‡
 0.42

9 
0.1
06 

0.0
35* 

0.3
84 

0.
21
0 

0.
59
9 

0.4
90   

stroop.interference score 
‡
 0.59

0 

0.0
12
*   

TMT.B-A A
‡
 0.25

5 
0.0
84 

0.1
52 

0.0
15
*   

TMT.B/A
‡
 0.13

0 
0.0
59 

0.0
25
*   

Language functions                  

phonological fluency 0.01
4* 

<0.
001

* 
0.04
0* 

0.1
08 

0.
18
6 

0.
15
8 

0.5
03 

0.1
47   

semantic fluency 
0.19

2       

<0.
001

*           

0.
60
6   

0.
60
8   

0.0
38
* 

0.1
28   

‡ log transformed variables 
¥ GLMs with Bernoulli family and logit link 
VPA = sodium valproate, CBZ=carbamazepine, TPM=topiramate, LEV=levetiracetam,  BZD=benzodiazepins,  
LTG=lamotrigine,  OXCBZ=oxcarbazepine 
GIQ=global IQ, VIQ=verbal IQ, PIQ= performance IQ 
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 localization 

 

Figure 2 : Examples  of lesions 
 

Figure 3 : Estimated marginal means and post hoc comparison of group localization, 

extracted from GLMs. Only scores with significant effect of group localization. 

 

 

 

 


