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Highlights
What are the main findings?

e  Cognitive impairment in drug-resistant epilepsy extends across multiple neuropsy-
chological domains, including memory, executive function, attention, and language,
with substantial heterogeneity across patients and studies.

e  Cognitive performance is associated with distributed brain abnormalities and poten-
tially modifiable clinical factors, although the predominantly observational evidence
does not establish causal relationships.

What are the implications of the main findings?

¢  Comprehensive multidomain neuropsychological assessment may provide clinically
relevant information beyond the evaluation of memory alone in adults with drug-
resistant epilepsy.

¢  Anetwork-based perspective may provide a useful explanatory framework for inter-
preting the heterogeneous cognitive manifestations of drug-resistant epilepsy, alt-
hough current evidence does not establish a causal network mechanism.

Abstract

Background: Drug-resistant epilepsy (DRE) is frequently accompanied by cognitive im-
pairment across multiple neuropsychological domains. Objectives: We aimed to synthe-
size contemporary evidence on cognitive impairment, neurobiological correlates, poten-
tially modifiable clinical factors, and treatment-related cognitive outcomes in predomi-
nantly adult populations with DRE. Methods: PubMed/MEDLINE and Web of Science
were searched for studies published between January 2017 and September 2026, supple-
mented by citation searching. Twenty-two studies comprising 2359 participants were in-
cluded, of whom 1616 (68.5%) had confirmed DRE. Eligibility was independently verified
by a second reviewer, and risk of bias was assessed independently by two reviewers using
design-specific Joanna Briggs Institute tools. Owing to substantial clinical and methodo-
logical heterogeneity, a structured qualitative synthesis was performed. Results: Cogni-
tive impairment involved memory, executive function, attention, language, and pro-
cessing- or psychomotor-speed-related performance. Cognitive performance was associ-
ated with distributed neurobiological abnormalities and with clinical factors including
sleep quality, antiseizure medication exposure, and seizure burden. Treatment- and
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surgery-related cognitive outcomes varied across studies. The predominantly observa-
tional evidence and substantial heterogeneity limited causal inference. Conclusions: Cog-
nitive impairment in DRE is heterogeneous and extends beyond memory dysfunction.
Current evidence supports multidomain neuropsychological assessment and is compati-
ble with a distributed network framework, although causal mechanisms remain uncer-
tain.

Keywords: drug-resistant epilepsy; cognitive impairment; neuropsychology; memory;
executive function; attention; language; temporal lobe epilepsy; cognitive networks;
systematic review

1. Introduction

Epilepsy is among the most frequent neurological diseases with about 70 million peo-
ple suffering from it all around the world and facing numerous neurobiological, cognitive,
psychosocial and socioeconomic challenges [1]. While antiseizure medications prove to be
successful in terms of seizure control in most patients, about 30-40% of people continue
experiencing seizures despite taking medications and consequently have drug-resistant
epilepsy (DRE) [2]. According to the International League Against Epilepsy (ILAE), DRE
is defined as the failure of adequate trials of two tolerated, appropriately chosen and used
antiseizure medication schedules to achieve sustained seizure freedom [3]. People who
suffer from DRE have worse morbidity, mortality, higher psychosocial burden and de-
creased quality of life in comparison with those who do not have this problem [1,2].

The biological basis of drug resistance is heterogeneous and remains incompletely
understood. Several non-mutually exclusive mechanisms have been proposed, including
altered antiseizure medication targets, increased expression of drug-efflux transporters at
the blood-brain barrier, genetic and pharmacokinetic factors, intrinsic epilepsy severity,
inflammatory processes, and alterations in neuronal networks [4,5]. Importantly, no single
mechanism adequately explains pharmacoresistance across all patients with DRE, and in-
creasing evidence supports interactions between molecular, cellular, and network-level
processes. This multifactorial framework is particularly relevant to the study of cognition,
because mechanisms associated with persistent seizures and drug resistance may coexist
with structural and functional network abnormalities that extend beyond the primary ep-
ileptogenic region [4,5].

Cognitive impairment is one of the most significant symptoms of epilepsy aside from
seizures. Apart from effective control of seizures, cognition is the crucial factor in the per-
formance of a patient’s educational status, employment, social functioning, treatment
compliance, and overall quality of life. Cognitive deficits may affect multiple domains,
including memory, executive functions, attention, language, and processing speed, and
are frequently observed even in patients without overt structural brain lesions. Even
though cognitive dysfunction has been considered as a condition linked to temporal lobe
epilepsy and the hippocampus, growing evidence suggests that its prevalence and clinical
impact extend across a much broader spectrum of epilepsy syndromes. This multidimen-
sional perspective is consistent with international neuropsychological recommendations
emphasizing assessment across multiple cognitive and psychological domains in people
with epilepsy [6].

Traditionally, research on cognitive dysfunction in epilepsy has placed particular
emphasis on memory impairment, especially in patients with temporal lobe epilepsy and
hippocampal pathology. However, accumulating evidence indicates that cognitive abnor-
malities in drug-resistant epilepsy may extend across multiple neuropsychological
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domains, including executive function, attention, language, and processing or psychomo-
tor speed [7-10]. The relative frequency and severity of these abnormalities vary across
populations and according to the neuropsychological measures used, suggesting that cog-
nitive dysfunction in DRE cannot be adequately characterized by a single neuropsycho-
logical profile.

Studies examining cognitive phenotypes have further demonstrated substantial het-
erogeneity among patients with epilepsy. Distinct patterns of impairment may involve
different combinations of memory, executive, language, and psychomotor functions
[11,12]. Although not all phenotype studies were conducted exclusively in cohorts with
uniformly confirmed DRE, these findings provide complementary evidence that cognitive
abnormalities may differ substantially between individuals and are not necessarily deter-
mined by seizure-focus localization alone. The need to characterize this heterogeneity sys-
tematically has also been recognized by international initiatives aimed at developing a
standardized classification of cognitive disorders in adults with epilepsy [13].

For the purposes of the present review, cognitive findings were organized into broad
neuropsychological domains while recognizing that individual tests frequently engage
more than one cognitive process. Memory encompassed measures of verbal learning, re-
tention and delayed recall, autobiographical memory, and visuospatial memory. Execu-
tive and attentional functions included cognitive flexibility and set-shifting, inhibitory
control, attentional control, concentration, and visual search. Language-related outcomes
included naming and verbal fluency, including semantic and phonemic fluency where
reported. Processing- or psychomotor-speed-related performance comprised speed-de-
pendent cognitive and visuomotor measures. These domains were used as an organizing
framework for the synthesis rather than as mutually exclusive cognitive constructs, and
study-specific terminology was retained where appropriate.

Neuroimaging and electrophysiological studies have provided additional perspec-
tives on the neurobiological correlates of cognitive dysfunction. Associations have been
reported between cognitive performance and structural or functional characteristics of
frontotemporal association pathways, thalamocortical systems, cortical morphology, and
electrophysiological measures of attentional processing [12,14-17]. Neuropathological
studies have additionally investigated potential tissue-level correlates, including hyper-
phosphorylated tau accumulation [18]. These findings are compatible with a network-
based explanatory framework in which cognitive dysfunction may be associated with ab-
normalities involving distributed neural systems. However, the predominantly observa-
tional nature of this evidence does not establish network abnormalities as a causal or uni-
tary mechanism of cognitive impairment.

Cognitive performance may also be associated with potentially modifiable clinical
factors. Studies have examined relationships with sleep quality, antiseizure medication
exposure, seizure burden, and treatment-related changes in cognitive performance [19-
22]. These associations are potentially clinically relevant, but their interpretation is com-
plicated by differences in epilepsy severity, treatment exposure, study design, and cogni-
tive outcomes. Consequently, the available evidence does not establish that modification
of these factors independently improves cognitive function.

Despite increasing interest in cognitive dysfunction in DRE, the literature remains
heterogeneous with respect to epilepsy populations, cognitive domains, assessment in-
struments, neurobiological measures, and treatment settings. Individual studies fre-
quently focus on specific cognitive domains, epilepsy syndromes, biological correlates, or
therapeutic interventions. An integrated synthesis is therefore needed to characterize the
multidomain nature of cognitive dysfunction, evaluate its potential neurobiological cor-
relates, and examine clinical factors that may be associated with cognitive outcomes. Pre-
vious systematic reviews have addressed selected aspects of cognition in drug-resistant
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epilepsy, including the relationship between cognitive and psychiatric manifestations and
cognitive outcomes associated with specific therapeutic interventions. However, these re-
views have generally focused on particular clinical associations or treatment modalities
rather than providing an integrated synthesis of cognitive dysfunction across multiple
neuropsychological domains together with its neurobiological, clinical, and treatment-re-
lated correlates. The present review was therefore designed to provide a contemporary
multidomain synthesis of this broader evidence base [23-25].

Therefore, the aim of this systematic review was to synthesize current evidence re-
garding the characteristics of cognitive impairment associated with drug-resistant epi-
lepsy, focusing primarily on adult populations and with particular emphasis on memory,
executive function, attention, language, and processing- or psychomotor-speed-related
performance. In addition, we sought to examine neurobiological correlates of cognitive
dysfunction, potentially modifiable clinical factors associated with cognitive performance,
and treatment- or surgery-related cognitive outcomes. The methodological quality and
risk of bias of the included studies were additionally evaluated to inform interpretation
of the available evidence.

Accordingly, the review was structured around three research questions: (1) which
cognitive domains and patterns of impairment are reported in predominantly adult pop-
ulations with DRE; (2) which neurobiological and potentially modifiable clinical factors
are associated with cognitive performance in these populations; and (3) what cognitive
outcomes have been reported in relation to pharmacological and surgical treatment?
These questions were exploratory and were not accompanied by prespecified directional
hypotheses because of the substantial anticipated heterogeneity in study populations,
neuropsychological measures, and study designs.

2. Methods
2.1. Literature Search Strategy

The literature search was conducted in PubMed/MEDLINE and Web of Science Core
Collection, with the final search performed on 23 September 2026. The review considered
studies published within the predefined 2017-2026 eligibility window and focused on
cognitive and neuropsychological outcomes in drug-resistant epilepsy (DRE). The search
strategy combined terms related to drug-resistant epilepsy with terms describing cogni-
tive and neuropsychological outcomes. The core Boolean search concept was:

(“drug-resistant epilepsy” OR “drug resistant epilepsy” OR “refractory epilepsy” OR
“pharmacoresistant epilepsy”) AND (neuropsychological OR cognition OR cognitive OR
memory OR attention OR “executive function” OR language OR “processing speed”).

The search syntax was adapted to the requirements of each database. No age or hu-
man-study filters were applied at the database-search stage; eligibility with respect to par-
ticipant age and study population was assessed during screening according to the prede-
fined inclusion and exclusion criteria. Language and publication-date restrictions were
applied as documented for each database in the complete search strategies provided in
Supplementary Table S7. Reference lists of relevant articles were additionally screened to
identify potentially eligible studies.

The 2017 starting date was selected to focus the review on contemporary evidence
reflecting current definitions of drug-resistant epilepsy, modern neuropsychological as-
sessment, and contemporary neuroimaging and electrophysiological methodology. Full
database-specific search strategies, including applied limits, search dates, and numbers of
records retrieved, are provided in Supplementary Table S7.
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2.2. Eligibility Criteria

Studies were eligible for inclusion if they met the following criteria: (1) investigated
patients with drug-resistant epilepsy (DRE), including studies with comparison groups of
patients with drug-responsive epilepsy or healthy individuals, or investigated adults with
temporal lobe epilepsy (TLE) undergoing presurgical evaluation in whom drug resistance
was not explicitly documented for every participant; (2) included adult participants (=18
years) or mixed pediatric-adult populations containing adult participants; (3) evaluated
at least one cognitive or neuropsychological domain using standardized cognitive or neu-
ropsychological assessment; (4) reported original data relevant to cognitive functioning;
(5) used an observational, cross-sectional, case—control, cohort, longitudinal, or interven-
tional study design; and (6) were published in English.

Studies involving mixed pediatric-adult populations were eligible when they in-
cluded adult participants and provided evidence relevant to the neuropsychological do-
mains or treatment-related cognitive outcomes addressed in this review. Where age-strat-
ified results were unavailable, findings were interpreted as applying to the entire study
population rather than specifically to adults.

Studies of adults with TLE undergoing presurgical evaluation were also eligible
when they provided relevant evidence concerning cognitive phenotypes or neuropsycho-
logical functioning, even if drug resistance was not explicitly documented for every par-
ticipant. Such studies were considered a supplementary source of evidence relevant to the
clinical context of DRE rather than direct evidence derived from a cohort with uniformly
confirmed drug resistance. Their findings were interpreted accordingly and were not used
to estimate the frequency of cognitive impairment specifically among patients with con-
firmed DRE.

Studies published between 1 January 2017 and 23 September 2026 were eligible for
inclusion, provided that they fulfilled the substantive eligibility criteria listed above. The
same publication-date range was applied to records identified through PubMed/MED-
LINE and Web of Science. Studies identified through supplementary reference-list screen-
ing were assessed according to the same eligibility criteria.

Studies were excluded if they: (1) included exclusively pediatric populations; (2)
were case reports, conference abstracts, editorials, reviews, or expert opinions; (3) did not
include objective assessment of cognitive or neuropsychological functioning; (4) did not
provide sufficient data regarding cognitive outcomes; or (5) investigated epilepsy popu-
lations without an identifiable DRE group or without meeting the specified eligibility cri-
terion for adults with TLE undergoing presurgical evaluation.

2.3. Study Selection

The database searches identified 3553 records, comprising 1885 records from Pub-
Med/MEDLINE and 1668 records from Web of Science. After the removal of 1377 dupli-
cate records, 2176 records underwent title and abstract screening, of which 2078 were ex-
cluded. The full texts of the remaining 98 reports were retrieved and assessed for eligibil-
ity. Of these, 81 reports were excluded, and 17 studies were included in the review. Sup-
plementary citation searching identified 20 additional reports, all of which were retrieved
and assessed for eligibility. Fifteen reports were excluded, and five additional studies met
the inclusion criteria. In total, 22 studies were included in the final qualitative synthesis.
The study-selection process is presented in the PRISMA 2020 flow diagram (Figure 1).

Study selection was initially performed by one reviewer, who assessed titles, ab-
stracts, and potentially eligible full-text articles according to the predefined eligibility cri-
teria. Following the initial selection, a second reviewer independently verified the eligi-
bility of all studies selected for inclusion. The second reviewer confirmed that all selected
studies fulfilled the inclusion criteria. Although the initial screening was not performed
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independently in duplicate, the additional verification of included studies provided a fur-
ther check of their eligibility. The absence of independent duplicate screening of all iden-
tified records is acknowledged as a methodological limitation.

The review was conducted and reported in accordance with the PRISMA 2020 re-
porting framework. The completed PRISMA 2020 checklist is provided as Supplementary
Table S5. This systematic review was not prospectively registered; therefore, no registra-
tion number is available. A formal review protocol was not prepared or made publicly
available.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

Identification of studies via other methods

Identification

Screening

Identification of studies via databases and registers

Records identified from*:
Databases

PubMed/MEDLINE (n = 1885)

Records identified from Web of
Science (n = 1668)

|

Records removed before
screening:

Duplicate records (n = 1377)

Records marked as ineligible
by automation tools (n = 0)

Records removed for other
reasons (n = 0)

Records identified from:

Citation searching (n = 20)

Records screened

Records excluded**
(n=2078)

(n=2176)

Reports sought for retrieval

Reports not retrieved
(n=0)

(n=298)

Reports assessed for eligibility

Reports excluded (n = 81)
Reasons included

« ineligible population

Reports sought for retrieval

Reports not retrieved
(n=0)

(n=20)
|

Reports assessed for eligibility

(n=98)

g « no standardized (n=20)

| Reports excluded:
neuropsychological

Did not meet one or more

assessment » no relevant

e eligibility criteria (n = 15)
cognitive outcomes

* paediatric population

« ineligible publication type

Studies included in review

(n=22)

Reports of included studies [

(n=22)

« insufficient relevant data

Figure 1. PRISMA 2020 flow diagram of the study-selection process. Searches of PubMed/MEDLINE
and Web of Science identified 3553 records. Following deduplication and eligibility assessment, 17
studies were included from the database searches. Supplementary citation searching identified five
additional eligible studies, resulting in a total of 22 studies included in the systematic review. * Rec-
ords were identified through the database searches specified in the diagram. ** Records excluded

during title and abstract screening were excluded according to the predefined eligibility criteria.

2.4. Data Extraction

Data extraction was performed by one reviewer using a predefined standardized ex-
traction form. Extracted data included first author, year of publication, country, study de-
sign, study population, number of participants, epilepsy type, neuropsychological do-
mains investigated, cognitive assessment instruments, and the main findings relevant to
cognitive impairment.

The cognitive domains considered were memory, attention, executive functions, lan-
guage, processing speed, and global cognitive functioning. Additional information re-
garding neurobiological correlates, treatment-related factors, and surgical outcomes was
extracted where relevant to cognitive functioning.

All extracted information was checked against the corresponding source publication
during preparation of the final evidence tables and narrative synthesis. No assumptions
were made regarding missing or unclear information, and only data explicitly reported in
the original publications were included. Study investigators were not contacted for addi-
tional information, and no automation tools were used for data extraction.
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Data extraction was not performed independently in duplicate. The absence of inde-
pendent duplicate extraction is acknowledged as a methodological limitation and may
have increased the risk of extraction errors.

2.5. Risk of Bias Assessment

Methodological quality and risk of bias of the included studies were assessed using
the Joanna Briggs Institute (JBI) critical appraisal tools appropriate to the respective study
designs. The JBI checklists for analytical cross-sectional studies, case-control studies, co-
hort studies, and randomized controlled trials were applied as appropriate. Individual
methodological criteria were rated as “Yes”, “No”, “Unclear”, or “Not applicable”.

The appraisal considered methodological domains relevant to each study design, in-
cluding participant selection, measurement of exposures and outcomes, identification and
management of potential confounding factors, completeness of follow-up where applica-
ble, and appropriateness of statistical analysis. Studies were not excluded on the basis of
methodological quality; instead, the appraisal was used to inform the interpretation of the
evidence.

Risk-of-bias assessment was performed independently by two reviewers using the
appropriate design-specific JBI critical appraisal tools. The reviewers independently eval-
uated all included studies and reached complete agreement across all item-level judg-
ments; therefore, no discrepancies required resolution. No automation tools were used.
Detailed study-level assessments are provided in Supplementary Tables S1-54.

2.6. Data Synthesis

Owing to substantial clinical and methodological heterogeneity among the included
studies, quantitative meta-analysis was not considered appropriate. The principal sources
of heterogeneity included differences in epilepsy syndromes and etiologies, patient pop-
ulations and clinical settings, study designs, neuropsychological instruments, definitions
and categorization of cognitive impairment, treatment exposures, surgical procedures,
and reported outcome measures. Differences in sample composition, including the inclu-
sion of healthy or disease-control groups in some studies, further limited direct quantita-
tive comparison.

A structured narrative synthesis was therefore performed. Studies were grouped ac-
cording to the principal areas investigated: memory; attention and executive functions;
language; neurobiological correlates of cognitive dysfunction; potentially modifiable con-
tributors; and treatment- or surgery-related cognitive outcomes. Because individual stud-
ies frequently evaluated more than one cognitive domain or clinical factor, these catego-
ries were not mutually exclusive and individual studies could contribute to more than one
component of the synthesis.

Study characteristics and principal findings were summarized in tabular form. Quan-
titative results reported by individual studies, including proportions, correlation coeffi-
cients, effect estimates, confidence intervals, and p-values, were reported descriptively
where available and considered relevant to the principal findings of the narrative synthe-
sis. More detailed study-level findings are provided in Supplementary Table S6. No sta-
tistical transformation of reported outcomes or calculation of a common effect estimate
was performed because of substantial heterogeneity in study designs, populations, neu-
ropsychological measures, and outcomes.

Formal statistical assessment of publication bias was not performed because no quan-
titative meta-analysis was conducted and the number and heterogeneity of studies within
individual outcome domains did not permit meaningful application of methods such as
funnel-plot analysis. No sensitivity analyses were performed.
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A formal GRADE assessment of certainty of evidence was not performed. Given the
predominance of observational studies, marked heterogeneity in populations and out-
come measures, and the absence of pooled effect estimates for predefined outcomes, ap-
plication of a conventional outcome-specific GRADE framework was considered of lim-
ited interpretability for the present narrative synthesis. Certainty in the evidence was in-
stead considered qualitatively in relation to study design, methodological limitations
identified through JBI appraisal, consistency of findings across studies, and generalizabil-
ity. This absence of a formal certainty-of-evidence assessment is acknowledged as a limi-
tation of the review.

3. Results
3.1. Study Characteristics

Twenty-two studies comprising a total of 2359 participants were included in the final
qualitative synthesis, of whom 1616 (68.5%) had confirmed drug-resistant epilepsy. The
included studies were published between 2017 and 2026 and represented a heterogeneous
body of evidence comprising cross-sectional, case-control, retrospective and longitudinal
cohort studies, as well as one pilot randomized controlled trial. Study populations in-
cluded adults with drug-resistant focal epilepsy, temporal lobe epilepsy, mesial temporal
lobe epilepsy with hippocampal sclerosis, juvenile myoclonic epilepsy, and mixed drug-
resistant epilepsy cohorts. Several studies additionally included healthy controls or epi-
lepsy comparison groups without drug resistance. Accordingly, total sample sizes re-
ported in individual studies included both DRE patients and comparison participants
where applicable; the composition of each study sample is presented separately in Table
1. Clinical and demographic characteristics, including age, sex distribution, epilepsy du-
ration, and antiseizure medication exposure, were reported inconsistently across studies
and using heterogeneous summary measures or categorizations. These variables were
therefore considered at the individual-study level where available rather than pooled
across clinically heterogeneous populations.

Although most included studies investigated adults with confirmed DRE, the evi-
dence base also comprised mixed pediatric-adult cohorts and a presurgical TLE cohort in
which drug resistance was not explicitly documented for every participant. Findings from
these studies were retained because of their relevance to the neuropsychological domains
and clinical contexts addressed in this review; however, they were not interpreted as
adult-specific estimates or as findings derived exclusively from patients with confirmed
DRE.

The included studies investigated overlapping cognitive domains and clinical or neu-
robiological factors. Memory, executive functions and attention, language, cognitive phe-
notypes, neurobiological correlates, potentially modifiable contributors, and treatment- or
surgery-related cognitive outcomes were represented across the evidence base. These cat-
egories were not mutually exclusive, and individual studies frequently contributed evi-
dence to more than one domain of the narrative synthesis.

A study-level synthesis of cognitive findings across memory, executive function, at-
tention, language, and processing speed, together with the principal methodological con-
siderations for each study, is provided in Supplementary Table S6.

Independent risk-of-bias assessments by the two reviewers showed complete agree-
ment across all item-level JBI judgments (100% agreement), with no discrepancies requir-
ing resolution. Risk-of-bias assessment identified methodological limitations of varying
extent across the included studies. Recurrent concerns included incomplete or unclear
control of potential confounding, cross-sectional or retrospective study designs, recruit-
ment of selected surgical or presurgical populations, and limitations related to follow-up
in longitudinal studies. Because the JBI critical appraisal tools are based on design-specific
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item-level judgments and do not provide a v

alidated universal numerical summary score

or cut-off for overall study quality, no aggregate risk-of-bias score or standardized overall

quality category was assigned. Detailed study-level assessments are provided in Supple-

mentary Tables S1-54.

Table 1. Characteristics of studies included in the systematic review.

Main Cognitive

Author Year  Study Design Study Sample Population Domain(s)
. 32 DRE + 21 healthy = Drug-resistant MTLE-
5 tal. [2 2017 —control M 1
Osorio et al. [26] 20 Case—control study controls (N = 53) HS vs. healthy controls emory, language
Adults with drug-
. Retrospective cross- 131 patients with drug_remstanjc TLE . Mem9ry, executn./e
Sarkis et al. [8] 2018 . . comparison of patients function, processing
sectional study resistant TLE (N = 131)
aged >50 yearsand  speed, language
younger patients
Zhang etal. [15] 2019 Cross-sectional MRI 38 LTLE + 29 healthy Drug-resistant LTLE Executive function
study controls (N = 67) vs. healthy controls

Kaestner et al. [14] 2019

Cross-sectional
neuroimaging study

85 TLE + 47 healthy
controls (N =132)

Drug-resistant TLE vs. Language, cognitive

healthy controls phenotypes

Patients with TLE
undergoing presurgical

Elverman et al. 2019 Cross—sechonél 185 TLE patients eva}luatlon; drug Cognitive
[11] cluster-analysis study resistance was not phenotypes
explicitly confirmed for
the entire cohort.
37;2&;@??; focal Refractory focal
Chakravarty et al. Prospective priepsy . epilepsy, controlled =~ Memory, executive
[22] 2019 comparative stud controlled epilepsy + epilepsy, and healthy function, language
P Y a0 healthy controls (N priepsy, y - angtiag
controls
=114)
Cross-sectional case— 89 DRE + 46 healthy Drug-resistant focal Autobiographical
R 1.[27] 202 il . health
ayner etal. [27] 2020 control study controls (N = 135) epiiepsy vs. healthy and verbal memory
controls
Prospective case 40 DRE + 80 healthy = Drug-resistant epileps Attention,
Mathon et al. [9] 2020 p Y & prep ypsychomotor
control study controls (N = 120) vs. healthy controls function

Memory, executive

. 93 patients with drug- . ) .

Analytical - Drug- tant MTLE- funct ttent
Vascouto et al. [10]2020 nalytea cross resistant MTLE-HS (N rrgTresistan unetion, attention,

sectional study ~ 93) HS language,

processing speed
, . Drug-resistant epilepsy
L - t Ret t - M treat t-
ozano-Garcia e 021 etrospective cross- o) oy patients undergoing presurgical emory, treatmen
al. [19] sectional study IAD related effects
. Drug-resistant .

Ret t hort M , |
Soneetal [28] 2022 o LOoPECHVECONOTE 45 TLE patients unilateral TLE emory, sttglca

study . outcomes

undergoing ATL
22 -resist
drugresistant ;o resistant MTLE
. MTLE +20 .

Neuropathological vs. postmortem Attention, memory,
Toscano et al. [18] 2023 postmortem )

case—control study . neuropathological language

neuropathological
controls

controls (N = 42)
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Serrano-Castro et
al. [21] 2024

Retrospective
uncontrolled before—
after study

20 patients with drug-
resistant focal epilepsy
(N =20)

Adults with drug- .
. ) Memory, attention,
resistant focal epilepsy . A
. executive function,
treated with . d
rocessing spee
cenobamate P & 5P

42 DRE-JME + 37 drug-

JME according to drug Executive function,

Pi 1 -sectional ive JME + 71
Crespo Pimente et2024 Cross .sectu.)na responsive JME + resistance vs. healthy neurobiological
al. [17] neuroimaging study healthy controls (N =
controls correlates
150)

Retrospective cohort 124 DRE-TLE +117  Drug-resistant TLE Cognitive
Miron et al. [12] 2024 and MRI network healthy MRI controls with healthy MRI phenotypes,

study (N =241) controls neurobiology

7 T s . Drug-resistant TLE

Jaramillo-Jiménez Retrospective Memory, language,

etal. [29] 2024

observational study

369 DRE-TLE patients

candidates for epilepsy

surgical risk
surgery

Retrospective cohort

Drug-resistant epilepsy

Ervinetal [30] 2024 stud 37 DRE patients after SEEG-guided Language, memory
y surgery
20 DRE-LTLE + 20 Drug-resistant vs
Cross-sectional EEG  drug-sensitive LTLE + & L i Attention, executive
Zhan et al. [16] 2025 drug-sensitive LTLE vs. .
case—control study 20 healthy controls (N function
healthy controls
=60)
Retrospective 84 pharmacoresistant Pharmacoresistant Executive function,
Witt etal. [20] 2025 lon, itfdinal stud e iFI)e sy patients epilepsy treated with memor /
& y prepsy p cenobamate y
L. 24 TLE patients + 10 . .
L tudinal cohort Patients aft t L »
Sablik et al. [31] 2025 ongitucinat conor healthy controls (N = atiels a et anietior - hangtage .
study 34) temporal lobectomy  neuroplasticity
Prospective registr Drug-resistant epilepsy Attention, executive
Lihde et al. [7] 2026 P 8151Y" 53 DRE patients referred for o
based cohort study ) . function
neurostimulation
38 DRE-MTLE
Shan et al. [32] 2026 Pilot randon.ﬁzed patients: ATL 1 = 20; Drug—res.istant MTLE Cognition, surgical
controlled trial RE-TC 1 = 18 undergoing surgery  outcomes

DRE —drug-resistant epilepsy; TLE—temporal lobe epilepsy; LTLE —left temporal lobe epilepsy;

MTLE-HS —mesial

temporal

lobe

stereoelectroencephalography.

epilepsy  with  hippocampal

sclerosis; SEEG—

The principal findings across neuropsychological domains are summarized in Table

2. The synthesis highlights both recurring patterns of cognitive impairment and
differences in the outcomes assessed across studies. Detailed study-level findings,
including sample characteristics and methodological considerations, are provided in
Supplementary Table S6.

Table 2. Summary of cognitive findings across neuropsychological domains in the included studies.

Cognitive Domain Principal Findings Across Studies

Important Differences and Limitations

Impairment was reported in verbal learning and Studies used different memory measures and

delayed recall, autobiographical memory, and
selected visuospatial-memory measures. MemoryFindings based on the intracarotid amobarbital
performance was also associated with clinical

Memory

investigated distinct patient populations.

procedure reflect procedure-specific memory

factors, antiseizure medication burden, and the performance or estimated surgical risk rather

extent or location of surgical resection.

than observed postoperative decline.
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Executive function

Executive dysfunction was identified in several Executive outcomes were assessed using
cohorts, including impaired cognitive control andheterogeneous instruments. Most associations
inhibitory performance. Selected studies reportedwere observational and do not establish
associations with antiseizure medication burden, whether the identified clinical or

cortical morphology, and frontothalamic neurobiological factors cause executive
connectivity. dysfunction.
Impairment was reported in attention, Attention and executive function were not

concentration, visual search, and components of consistently assessed or reported as separate

Attention attentional-network performance. One cohort domains. The 66.0% estimate cannot be
reported impairment in a combined interpreted as the prevalence of attention
attention/executive domain in 66.0% of patients. impairment alone.

Naming and verbal-fluency impairment was
. . 'g . ymp . Evidence was concentrated in selected
identified in selected temporal lobe epilepsy . .
. temporal lobe epilepsy and surgical cohorts.
cohorts. Language performance was associated . .
Language One postoperative study included a

with structural and functional network measures,

redominantly pediatric sample, limiting the
while postoperative studies reported variable P rantly peciatric sampre, HIUNg

licability of its findi Its.
long-term language outcomes. applicability of its findings to adults

Processing speed
and psychomotor
performance

Processing speed was not consistently
Selected studies reported psychomotor slowing, evaluated as an independent domain.
poorer performance on speed-dependent tasks, Psychomotor performance and broader
or differences in processing-speed indices perceptual-motor measures should not
following surgical treatment. automatically be interpreted as isolated

processing-speed outcomes.

Note: The findings summarize the direction and nature of results reported across heterogeneous
studies and do not represent pooled effect estimates. Individual studies may contribute to more
than one cognitive domain. Detailed study-level findings, sample characteristics, and

methodological considerations are presented in Supplementary Table S6.

3.2. Memory

Memory impairment was among the most extensively investigated cognitive
abnormalities in the included studies, particularly in patients with drug-resistant focal
epilepsy and mesial temporal lobe epilepsy with hippocampal sclerosis (MTLE-HS).
Across studies, the affected components of memory included autobiographical recall,
verbal learning and retention, delayed recall, and selected visuospatial-memory measures
[8,10,26,27]. However, differences in study populations, assessment instruments, and
clinical settings limited direct comparison of the frequency and severity of impairment
across these memory domains.

Patterns of memory impairment and associated clinical factors. Studies comparing
patients with drug-resistant epilepsy (DRE) with healthy controls identified abnormalities
in several aspects of memory, although the relationship between objective performance
and subjective complaints was not uniform. Rayner et al. reported poorer episodic and
semantic autobiographical recall in 89 patients with drug-resistant focal epilepsy than in
46 healthy controls (p = 0.001 and p = 0.004, respectively), alongside more frequent
subjective memory complaints (p < 0.001) (Rayner et al) [27]. Nevertheless,
autobiographical-memory performance was not an independent predictor of subjective
complaints. In patients with mesial temporal epilepsy, verbal memory impairment,
neuroticism, and female sex jointly explained 70% of the variance in subjective complaints
(R2=10.70, p = 0.015), whereas neuroticism was the only identified predictor in the non-
mesial temporal group (R?=0.21, p = 0.001) [27]. These findings indicate that subjective
memory complaints and objectively measured memory performance may reflect partly
distinct aspects of cognitive functioning.
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Osorio et al. similarly identified poorer verbal retention and delayed recall, assessed
using the Rey Auditory Verbal Learning Test (RAVLT) and Logical Memory II, in 32
patients with drug-resistant MTLE-HS compared with 21 healthy controls. However,
despite these cognitive abnormalities, the investigators found no significant associations
between neuropsychological performance and mitochondrial respiratory-chain enzyme
activity in resected temporal tissue after adjustment for relevant clinical factors (p > 0.37)
[26].

The severity of memory impairment also varied in relation to demographic and
clinical characteristics. In a retrospective cohort of 131 patients with drug-resistant
temporal lobe epilepsy (TLE), Sarkis et al. reported impaired delayed verbal recall more
frequently in patients aged > 50 years than in younger patients (54.1% vs. 32.8%) [8].
Vascouto et al., who assessed 93 patients with drug-resistant MTLE-HS, found that years
of education were positively associated with performance on 22 of 24 neuropsychological
tests, whereas left-sided lesions, longer epilepsy duration, polytherapy, and higher
antiseizure medication (ASM) serum levels were associated with poorer performance on
selected measures [10]. Together, these findings indicate that memory outcomes in DRE
vary with demographic, disease-related, and treatment-related characteristics. However,
the observational designs do not establish the independent or causal contribution of any
individual factor.

Memory performance during presurgical assessment and postoperative outcomes.
Studies conducted in surgical settings addressed two related but distinct questions: the
assessment of memory function and estimated cognitive risk before surgery, and the
measurement of cognitive change after an intervention.

In 59 adults with DRE undergoing the intracarotid amobarbital procedure (IAP),
Lozano-Garcia et al. reported an inverse association between total ASM drug load and
IAP memory score (r = —0.30, p = 0.02), as well as between seizure frequency and IAP
memory score (r = —0.25, p = 0.05). After adjustment for clinical factors, total ASM drug
load explained 16% of the variance in IAP memory performance, whereas the number of
ASMs was not significantly associated with the memory score (r = -0.16, p = 0.24) [19].
These findings concern memory performance during a presurgical procedure and should
not be interpreted as evidence of postoperative memory decline.

Similarly, Jaramillo-Jiménez et al. evaluated presurgical memory and language risk
in a retrospective cohort of 369 patients with drug-resistant TLE. Of these, 104 were
classified as having increased cognitive risk associated with resection. Among patients
with left-sided lesions, greater functional reserve and right-hemisphere memory
dominance were associated with a lower estimated postoperative cognitive risk [29].
These findings support the relevance of presurgical assessment of memory dominance
and functional reserve for risk stratification; however, they do not establish the magnitude
of cognitive change subsequently observed after surgery.

Studies that directly assessed postoperative outcomes provided complementary
evidence concerning the relationship between surgical approach and memory
performance. In 142 patients undergoing anterior temporal lobectomy, Sone et al. found
that postoperative verbal memory decline was associated with resections involving the
posterior hippocampus and inferior temporal gyrus. Among patients with left-sided TLE,
preservation of more than 45% of the posterior hippocampus was associated with an
approximately eightfold lower risk of significant postoperative verbal memory decline
(95% CI 1.5-44.4, p = 0.02). The extent of posterior hippocampal resection was not
significantly associated with seizure freedom [28]. These findings identify an association
between the anatomical extent of resection and postoperative memory outcomes,
although the observational design does not establish a causal benefit of a specific resection
threshold.
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Shan et al. [32] examined a different aspect of surgical treatment in a pilot
randomized controlled trial comparing anterior temporal lobectomy (ATL; n = 20) with
stereoelectroencephalography-guided radiofrequency thermocoagulation (RF-TC; n = 18)
in patients with drug-resistant MTLE. Overall cognitive scores did not differ significantly
between groups at one year. However, among patients undergoing dominant-side
procedures, RF-TC was associated with better preservation of selected memory indices,
including full-scale memory quotient (p = 0.027), visual memory index (p = 0.044), and
immediate memory index (p =0.007). One-year seizure freedom did not differ significantly
between the ATL and RF-TC groups (Engel I: 85.0% vs. 72.2%, p = 0.440). These subgroup
findings suggest that surgical technique may be associated with different cognitive
outcomes in selected patients, but the small sample size and pilot design preclude
definitive conclusions.

Memory outcomes during cenobamate treatment. Two observational studies
reported differing patterns of memory change during cenobamate treatment. In a
retrospective longitudinal study of 84 patients with pharmacoresistant epilepsy, Witt et
al. [20] conducted detailed memory testing in a subgroup of 22 patients and reported a
significant decrease in verbal retention in the subgroup as a whole (F = 7.95, p = 0.011).
Reliable individual deterioration in verbal retention was reported in 28.6% of patients
receiving cenobamate doses > 300 mg/day, compared with 13.3% of those receiving lower
doses, while other memory measures remained stable.

In contrast, Serrano-Castro et al. [21] observed improvements in two verbal-memory
measures and one visuospatial-memory measure in 20 adults with drug-resistant focal
epilepsy assessed before and six months after cenobamate initiation. One attention
measure deteriorated in that cohort.

The differences between these studies may reflect variation in patient characteristics,
cognitive measures, cenobamate exposure, seizure outcomes, and concomitant ASM
treatment [20,21]. In particular, the small subgroup undergoing detailed memory testing
in the study by Witt et al., the absence of a control group in the study by Serrano-Castro
et al,, and the observational designs of both investigations limit attribution of the reported
cognitive changes to cenobamate itself. The available findings therefore do not establish a
consistent direction of memory change during treatment or a causal dose-dependent effect
on memory.

Overall synthesis. Across the included studies, memory impairment in DRE involved
multiple components and varied substantially between patients and clinical settings
[8,10,26,27]. Objective memory performance did not consistently correspond to subjective
complaints [27], and associations with demographic characteristics, disease burden, ASM
exposure, and biological measures were heterogeneous [8,10,19,26]. Presurgical studies
provided information about memory function and estimated postoperative risk [19,29],
whereas studies assessing patients after surgery identified associations between cognitive
outcomes and the extent or type of intervention [28,32]. Findings during cenobamate
treatment were also inconsistent across cohorts [20,21]. Taken together, the evidence
supports a multifactorial interpretation of memory dysfunction in DRE, while differences
in study design and outcome measurement limit direct comparison and causal inference.

3.3. Executive Dysfunction and Attention

Executive and attentional impairments were reported across studies of patients with
drug-resistant epilepsy (DRE), although the affected functions and methods of assessment
varied considerably. The investigated outcomes included cognitive flexibility, inhibitory
control, attention, concentration, visual search, and psychomotor or processing speed [7-
9,16]. Because several studies combined attention and executive functions into a single
domain or used tests engaging multiple cognitive processes, their findings do not
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consistently permit the frequency or severity of impairment in each function to be
determined separately.

Patterns of executive and attentional impairment. In a cohort of 53 patients with DRE
assessed in the context of neurostimulation treatment, Lahde et al. identified impairment
in a combined attention/executive function domain in 66.0% of participants, compared
with 52.8% for memory, 39.2% for language, and 35.8% for visuospatial functions [7].
Thus, attention and executive function constituted the most frequently impaired
combined domain in this cohort; the reported 66.0% should not be interpreted as the
prevalence of executive dysfunction or attention impairment considered separately.

A complementary perspective was provided by Elverman et al., who identified four
cognitive phenotypes among 185 patients with temporal lobe epilepsy (TLE). One
phenotype was characterized by relatively poor executive functioning and psychomotor
speed despite comparatively preserved memory and language performance [11]. This
finding indicates that executive and speed-related difficulties can occur without
prominent impairment across all cognitive domains. However, because drug resistance
was not explicitly confirmed for every participant in this presurgical TLE cohort, the
identified phenotype should not be interpreted as specific to patients with confirmed DRE.

In a prospective case—control study comparing 40 adults with DRE and 80 healthy
controls, Mathon et al. reported poorer performance in several psychomotor and cognitive
functions, including attention, concentration, visual search, inhibitory control, and
impulsivity control. Impairments were also observed in visuospatial memory, perceptual
organization, and laterality [9]. These results illustrate the multidomain nature of
psychomotor dysfunction in DRE, but do not establish that all observed abnormalities
reflect a single underlying executive or attentional deficit.

Clinical and treatment-related associations. Across observational cohorts, poorer
executive and attentional performance was associated with measures of disease burden,
antiseizure medication (ASM) exposure, and structural brain abnormalities, although the
reported associations differed according to the cognitive measure examined. Mathon et
al. identified associations between psychomotor impairment and markers of greater
disease or treatment burden, including epileptic encephalopathy, higher seizure
frequency, and greater ASM load [9]. In 131 patients with drug-resistant TLE, Sarkis et al.
found that a higher number of concomitant ASMs was associated with poorer
performance on the Trail Making Test Part B (TMT-B), whereas greater white matter
hyperintensity burden was associated with poorer performance on the Trail Making Test
Part A (TMT-A) [8]. These findings concern related but non-identical outcomes: TMT-B
places greater demands on cognitive flexibility and set-shifting, while TMT-A is more
closely related to visual scanning and processing speed. Associations with these tests
therefore should not be treated as interchangeable measures of executive dysfunction.

Vascouto et al. likewise reported associations between neuropsychological
performance and demographic, epilepsy-related, and treatment-related characteristics in
patients with drug-resistant mesial TLE with hippocampal sclerosis [10]. Taken together,
these studies suggest that executive and attentional performance should be interpreted in
the context of broader clinical and treatment characteristics. Their observational designs,
however, do not establish whether greater ASM exposure or seizure burden
independently contributes to poorer performance or instead accompanies more severe
epilepsy.

Neuroimaging and electrophysiological correlates. Studies using different
neurobiological methods identified associations between executive or attentional
performance and abnormalities involving frontal, thalamic, and distributed cortical
networks. Zhang et al. examined 38 patients with intractable left TLE and reported
increased functional connectivity and fiber number within the left dorsolateral prefrontal
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cortex (DLPFC)-thalamus pathway among patients with impaired executive control,
compared with patients with preserved executive performance and healthy controls [15].
These findings identify a relationship between frontothalamic connectivity and executive
performance, but the cross-sectional design does not establish whether the observed
differences represent a cause or consequence of cognitive dysfunction, or compensatory
reorganization.

Evidence from a different epilepsy syndrome was provided by Crespo Pimentel et
al. [17], who examined quantitative MRI measures and cognitive performance in juvenile
myoclonic epilepsy. Among 42 patients with pharmacoresistant juvenile myoclonic
epilepsy, executive-function composite scores were poorer than those of drug-responsive
patients and healthy controls (reported differences: —1.74, p < 0.001, and -1.29, p < 0.01,
respectively). Executive performance was also associated with structural measures
involving the precuneus and medial prefrontal cortex (r =—-0.79, p_FWE < 0.05). Although
the populations and imaging measures differed from those examined by Zhang et al. [15],
both studies identified associations between executive performance and structural or
functional characteristics of distributed brain networks. Neither study establishes a
directional or causal relationship.

Electrophysiological findings provided further evidence of altered attentional-
network function. Zhan et al. [16] compared 20 patients with drug-resistant left TLE, 20
patients with drug-sensitive epilepsy, and 20 healthy controls using the Attention
Network Test combined with electroencephalography. Patients with DRE showed
impaired efficiency of the executive control, alerting, and orienting networks, alongside
reduced frontal theta power across the assessed attention networks compared with
controls (all p <0.001). Frontal theta activity was associated with behavioral performance
in healthy controls (reported r values ranging from -0.659 to 0.690), whereas
corresponding associations were not identified in the DRE group. These observations link
attentional performance with electrophysiological differences, but do not determine
whether altered theta activity contributes to the behavioral deficits. These
electrophysiological and behavioral findings are summarized schematically in Figure S1
(Supplementary Materials).

Executive and attentional outcomes during cenobamate treatment. Two
observational studies reported changes in executive or attentional performance during
cenobamate treatment, with different cognitive outcomes assessed. In a retrospective
longitudinal cohort of 84 patients with pharmacoresistant epilepsy, Witt et al. [20]
reported deterioration in executive performance among patients receiving cenobamate
doses = 300 mg/day (F = 6.35, p = 0.014). Executive-function change was correlated with
cenobamate dose (r=-0.31, p =0.004), and reliable executive decline was reported in 50.0%
of patients receiving higher doses compared with 16.7% of those receiving lower doses.
These findings concern executive performance in the studied cohort and should not be
conflated with the verbal-retention results obtained in the smaller memory-testing
subgroup described in Section 3.2.

In contrast, Serrano-Castro et al. [21] reported deterioration in one attention measure
after six months of cenobamate treatment in a cohort of 20 adults with drug-resistant focal
epilepsy, alongside improvement in selected memory measures. Because the studies
assessed different cognitive outcomes and differed in sample size and treatment
characteristics, their results cannot be interpreted as directly opposing estimates of the
same treatment effect. The retrospective or uncontrolled designs, together with possible
changes in concomitant ASM treatment, also limit causal attribution of cognitive changes
to cenobamate.

Overall synthesis. The reviewed studies identified executive and attentional
abnormalities in DRE across neuropsychological, psychomotor, neuroimaging, and
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electrophysiological assessments [7,9,15-17]. However, attention, executive function, and
processing speed were not consistently measured or reported as separate domains,
limiting comparisons of their relative frequency and severity. Clinical studies identified
associations with disease and treatment burden [8-10], while neurobiological studies
identified correlates involving frontal, thalamic, and broader cortical networks [15-17].
Findings during cenobamate treatment suggest that cognitive change may differ between
executive and attentional measures and across patient cohorts [20,21]. Overall, the
evidence supports a heterogeneous, multidomain account of executive and attentional
dysfunction in DRE, but does not establish the causal contribution of the identified
clinical, pharmacological, or network-related factors.

3.4. Language

Language impairment was investigated in the included studies through
neuropsychological assessment, functional and structural neuroimaging, presurgical
functional evaluation, and longitudinal assessment following epilepsy surgery. The
reported outcomes included naming, verbal fluency, vocabulary, reading, and broader
language-related cognitive performance [14,29-31]. Although these studies addressed
related aspects of language functioning, differences in their populations, assessment
methods, and clinical settings limit direct comparison of the frequency and severity of
impairment.

Language impairment and its neurobiological correlates. Kaestner et al. [14]
identified a language-impaired cognitive phenotype in a cohort of 85 patients with drug-
resistant temporal lobe epilepsy (TLE). Approximately 49% of patients were assigned to
this phenotype, which was characterized by poorer performance on naming, semantic
fluency, phonemic fluency, and auditory naming tasks. Language impairment was
identified in patients with both left- and right-sided epilepsy, indicating that the observed
cognitive phenotype was not restricted to patients with a left-sided seizure focus. The
principal language-network findings reported by Kaestner et al. are illustrated
schematically in Figure S2A (Supplementary Materials).

In the same cohort, language impairment was associated with reduced functional
activation of the left superior temporal gyrus and sulcus and altered integrity of the
arcuate fasciculus and inferior longitudinal fasciculus. A model incorporating superior
temporal activation and age at epilepsy onset identified patients with the language-
impaired phenotype with an area under the curve of 0.80 [14]. These findings demonstrate
associations between language performance and structural or functional characteristics of
language-related networks. However, the cross-sectional design does not establish
whether the identified abnormalities contribute to language impairment or reflect other
epilepsy-related processes.

Presurgical assessment and postoperative language outcomes. Studies conducted in
surgical settings addressed distinct questions: estimation of cognitive risk before an
intervention, identification of cortical regions associated with postoperative cognitive
change, and assessment of long-term language performance after surgery.

Jaramillo-Jiménez et al. retrospectively evaluated 369 patients with drug-resistant
TLE who underwent the intracarotid amobarbital procedure (IAP) during presurgical
assessment. Left-sided epilepsy was present in 65.68% of patients, and the left hemisphere
was dominant for language in 81.3%. Overall, 104 patients were classified as having
increased cognitive risk associated with resection [29]. The study provided information
relevant to presurgical assessment of language dominance and functional reserve.
However, the reported risk classification should not be interpreted as the frequency of
language decline subsequently observed after surgery.
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In contrast, Ervin et al. investigated associations between the location of resected
cortical tissue and postoperative cognitive outcomes following
stereoelectroencephalography-guided epilepsy surgery. Resection of regions exhibiting
high-gamma naming-related modulation was associated with postoperative deterioration
in several measures, including naming, vocabulary, reading, verbal learning, and working
memory. Greater cognitive decline was associated with both a higher number of resected
high-gamma language sites and greater high-gamma activity within those regions. These
associations were observed despite preservation of language regions identified using
conventional electrical stimulation mapping [30].

The findings of Ervin et al. suggest that high-gamma naming-related activity may
provide information complementary to conventional stimulation mapping when
evaluating cortical regions associated with postoperative cognitive outcomes. However,
the observational design and small sample do not establish the superiority of one
mapping approach over another. Importantly, this study included both pediatric and
adult patients, and age-stratified cognitive outcomes were not reported. Its findings
therefore describe the mixed-age surgical cohort and cannot be interpreted as adult-
specific estimates of postoperative cognitive change in DRE [30]. The association between
resection of language-responsive high-gamma sites and postoperative language-related
cognitive outcomes is illustrated schematically in Figure S2B (Supplementary Materials).

Longer-term language outcomes were examined by Sablik et al. [31], who followed
patients for up to approximately nine years after anterior temporal lobectomy. More than
half of the participants demonstrated improvement in naming and verbal fluency during
long-term follow-up. More favorable language outcomes were associated with bilateral
activation of frontal and temporal language-related regions, whereas persistent unilateral
activation was associated with poorer recovery. These observations suggest that
postoperative language performance may change over time and may be associated with
differences in the functional organization of language-related networks. However, the
small sample size and the inclusion of a mixed-age population without separately
reported adult outcomes limit extrapolation to adults with confirmed DRE.

Overall synthesis. Across the included studies, language impairment was associated
with differences in neuropsychological performance and structural or functional
characteristics of distributed language-related networks [14]. In surgical settings,
presurgical assessment provided information about language dominance and estimated
cognitive risk [29], whereas postoperative studies identified associations between
cognitive outcomes and the resection or functional organization of language-related
cortical regions [30,31]. These findings address complementary aspects of language
functioning but cannot be combined into a single estimate of the prevalence of language
impairment or the risk of postoperative decline.

Taken together, the evidence is compatible with a network-based interpretation of
language dysfunction and postoperative language outcomes. Nevertheless, the
predominance of selected TLE and surgical cohorts, differences in the cognitive outcomes
assessed, and the inclusion of mixed-age populations in some studies limit
generalizability to the broader population of adults with confirmed DRE. The available
evidence also does not establish that the identified network characteristics causally
determine language impairment or postoperative recovery.

3.5. Neurobiological Correlates

The included studies investigated neurobiological correlates of cognitive dysfunction
in drug-resistant epilepsy (DRE) using structural and functional neuroimaging,
electrophysiological assessment, and neuropathological analysis. These approaches
identified associations between cognitive performance and abnormalities involving
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cortical morphology, structural and functional connectivity, oscillatory activity, and
selected tissue-based biological markers [12,14-18,26]. Although the findings were
obtained using different methods and in distinct epilepsy populations, several studies
identified abnormalities extending beyond the presumed epileptogenic region. However,
the predominantly observational and cross-sectional evidence does not establish whether
these abnormalities contribute to cognitive impairment, develop alongside it, or reflect
other processes associated with chronic epilepsy [14-18].

3.5.1. Structural Network Abnormalities

Neuroimaging studies identified associations between cognitive performance and
structural or functional characteristics of distributed cortical and subcortical systems. In
patients with drug-resistant temporal lobe epilepsy (TLE), Kaestner et al. found that
language impairment was associated with altered activation of the superior temporal
cortex and reduced integrity of language-related pathways, including the arcuate
fasciculus and inferior longitudinal fasciculus [14]. In another TLE cohort, Zhang et al.
identified differences in structural and functional connectivity within the dorsolateral
prefrontal cortex—thalamus pathway between patients with impaired and preserved
executive performance [15]. Although these studies investigated different cognitive
domains, both identified associations involving pathways extending beyond mesial
temporal structures.

Evidence from a different epilepsy syndrome was provided by Crespo Pimentel et
al., who reported associations between executive performance and cortical morphological
measures, including cortical surface area and gyrification, in patients with drug-resistant
juvenile myoclonic epilepsy [17]. These findings broaden the anatomical context of the
reported associations beyond TLE. However, differences in epilepsy syndrome, imaging
measures, and neuropsychological outcomes limit direct comparison with the findings of
Kaestner et al. and Zhang et al. [14,15].

Miron et al. [12] investigated cortical thickness patterns across cognitive phenotypes
in patients with drug-resistant TLE. Patients with more extensive cognitive impairment
exhibited broader patterns of cortical thinning involving temporal, frontal, and parietal
association regions, rather than abnormalities confined to mesial temporal structures. This
association between the extent of cortical abnormalities and the cognitive phenotype is
consistent with the involvement of distributed brain systems in multidomain cognitive
impairment. Nevertheless, it does not establish whether cortical thinning precedes
cognitive dysfunction, develops as a consequence of epilepsy-related processes, or is
associated with other clinical characteristics.

Overall, the neuroimaging findings identify relationships between cognitive
performance and abnormalities involving language-related pathways, frontothalamic
connectivity, cortical morphology, and distributed association regions [12,14,15,17]. These
observations are compatible with a network-based interpretation of cognitive dysfunction
in DRE. They do not, however, demonstrate that a common network mechanism accounts
for the different cognitive abnormalities reported across these heterogeneous cohorts.

3.5.2. Electrophysiological Network Correlates

Electrophysiological assessment provided complementary evidence concerning
attentional-network function. Using the Attention Network Test combined with
electroencephalography, Zhan et al. [16] reported reduced frontal theta activity in patients
with drug-resistant left TLE compared with controls. The relationship between frontal
theta activity and behavioral performance observed in healthy controls was not identified
in the DRE group.
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These findings indicate that altered frontal theta activity accompanies impaired
attentional performance in the studied cohort. They complement the neuroimaging
findings by identifying an electrophysiological correlate of cognitive dysfunction, rather
than an anatomical abnormality. However, the cross-sectional design does not establish
whether altered theta activity contributes to attentional impairment, results from
epilepsy-related processes, or reflects another associated characteristic [16].

3.5.3. Neuropathological Correlates

Neuropathological investigations examined whether biological abnormalities
identified in resected temporal tissue were associated with cognitive performance.
Toscano et al. reported hyperphosphorylated tau accumulation in approximately 95% of
the examined resected tissue samples from patients with mesial TLE. Greater tau
accumulation was associated with poorer attentional performance and higher seizure
frequency [18]. These findings identify a potential tissue-based correlate of cognitive
dysfunction, but do not establish whether tau accumulation contributes to cognitive
impairment or develops in association with recurrent seizures or other epilepsy-related
processes. The postmortem neuropathological control group did not undergo equivalent
neuropsychological assessment; therefore, the study does not permit direct between-
group inference regarding cognitive performance.

In contrast, Osorio et al. found no significant association between neuropsychological
performance and mitochondrial respiratory-chain enzyme activity in resected temporal
tissue, despite identifying cognitive impairment in the studied cohort [26]. The findings
of Toscano et al. [18] and Osdrio et al. [26] concern different biological measures and
therefore should not be interpreted as directly conflicting results. Considered together,
they illustrate that associations between tissue-based abnormalities and cognitive
performance are not uniform across the biological processes investigated.

The interpretation of both studies is additionally limited by their reliance on selected
surgical populations and tissue obtained from specific brain regions. Findings from
resected temporal tissue cannot automatically be generalized to biological processes
throughout distributed cognitive networks or to patients with other epilepsy syndromes
[18,26].

Overall synthesis. The neuroimaging, electrophysiological, and neuropathological
studies identified several neurobiological correlates of cognitive dysfunction in DRE, but
did so using different measures and in heterogeneous patient populations [12,14-18,26].
Neuroimaging findings associated cognitive performance with characteristics of
distributed cortical and subcortical systems, electrophysiological findings identified
altered frontal theta activity during attentional assessment, and neuropathological
investigations reported differing associations between tissue-based markers and cognitive
outcomes.

Taken together, these observations are compatible with a network-based explanatory
framework in which cognitive impairment may be associated with abnormalities
extending beyond the epileptogenic region. Nevertheless, the available evidence does not
establish a single causal mechanism linking the identified structural, functional,
electrophysiological, and neuropathological findings. The direction of the reported
associations remains uncertain, and the possibility that they reflect consequences of
chronic epilepsy, treatment exposure, compensatory reorganization, or interactions
among these processes cannot be resolved from the included studies [12,14-18]. A
schematic overview of the principal structural, functional, electrophysiological, and
neuropathological correlates identified across the included studies is presented in Figure
2.
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Figure 2. Multimodal neurobiological correlates of cognitive dysfunction identified across the
included studies. The schematic summarizes findings reported by Zhang et al. [15], Crespo Pimentel
et al. [17], Kaestner et al. [14], Miron et al. [12], Zhan et al. [16] and Toscano et al. [18]. The figure
presents associations between cognitive performance and structural, functional, and

electrophysiological abnormalities.

3.6. Modifiable Contributors to Cognitive Dysfunction

Several included studies examined clinical factors that may be potentially modifiable
and that were associated with cognitive performance in DRE, including sleep quality,
antiseizure medication (ASM) burden, individual medication exposure, and seizure
burden [8-10,19-22]. These factors are clinically relevant because they may, at least in
principle, be amenable to therapeutic intervention. However, their relationships with
cognition are closely intertwined with epilepsy severity, treatment intensity, and other
patient characteristics. Accordingly, the available evidence supports their consideration
as potentially modifiable correlates rather than establishing them as direct causes of
cognitive impairment.

3.6.1. Sleep Quality

Chakravarty et al. compared patients with refractory focal epilepsy, patients with
controlled epilepsy, and healthy controls and reported poorer sleep quality in the
refractory epilepsy group. Poorer sleep quality was also associated with worse
performance across selected cognitive domains, including memory, executive function,
and language [22].

These findings identify sleep quality as a potentially relevant clinical correlate of
cognitive functioning in refractory epilepsy. However, the direction of this relationship
cannot be determined from the available evidence. Sleep disturbance may adversely affect
cognitive performance, but seizure burden, ASM exposure, psychological factors, and
cognitive difficulties may themselves influence sleep. The study therefore does not
establish that improving sleep quality would independently improve cognitive outcomes
[22].

3.6.2. Antiseizure Medication Burden
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Several studies identified associations between greater ASM exposure and poorer
performance on selected cognitive measures. In patients undergoing the intracarotid
amobarbital procedure, Lozano-Garcia et al. found that total ASM drug load was
inversely associated with memory performance, whereas the number of ASMs alone was
not significantly associated with memory scores. After adjustment for clinical factors, total
ASM drug load explained 16% of the variance in IAP memory performance. The
association was particularly evident among patients with a left-hemisphere seizure focus
(r=-0.33, p=0.04) [19]. These associations were identified for IAP memory performance
and should not be generalized to conventional neuropsychological memory measures, for
which corresponding associations were not demonstrated.

Consistent with an association between treatment burden and cognitive
performance, Sarkis et al. reported that a higher number of concomitant ASMs was
associated with poorer TMT-B performance in patients with drug-resistant TLE [8].
Vascouto et al. likewise identified associations between polytherapy, higher ASM serum
levels, and poorer performance on selected neuropsychological measures in patients with
drug-resistant MTLE-HS [10].

Although these findings were obtained using different measures of medication
exposure and cognition, they consistently indicate that ASM burden should be considered
when interpreting neuropsychological performance in DRE. Nevertheless, patients
receiving more intensive pharmacological treatment may also have more severe epilepsy,
greater seizure burden, or other characteristics associated with poorer cognition. The
available observational evidence therefore does not establish that reducing ASM burden
independently improves cognitive performance.

3.6.3. Medication-Specific Cognitive Effects

Two studies examined cognitive change during treatment with cenobamate and
reported heterogeneous findings across cognitive domains. Witt et al. observed poorer
executive outcomes at higher cenobamate doses, with executive-function change
correlated with dose (r = -0.31, p = 0.004). Reliable executive deterioration was more
frequent among patients receiving > 300 mg/day than among those receiving lower doses
(50.0% vs. 16.7%) [20]. As described in Section 3.2, verbal retention also declined in the
smaller subgroup undergoing detailed memory assessment.

In contrast, Serrano-Castro et al. reported improvement in selected verbal- and
visuospatial-memory measures after six months of cenobamate treatment, accompanied
by deterioration in one attention measure [21]. These differing findings do not necessarily
represent contradictory treatment effects because the studies differed in patient
characteristics, cognitive measures, cenobamate exposure, and concomitant treatment.

Importantly, neither study permits cognitive changes to be attributed solely to
cenobamate. Both were observational, and changes in concomitant ASM therapy, seizure
control, and other clinical factors may have contributed to the observed outcomes [20,21].
The available evidence therefore does not establish a consistent cognitive effect of
cenobamate across neuropsychological domains or demonstrate that the reported changes
are directly dose-dependent treatment effects.

3.6.4. Seizure Burden and Disease Severity

Greater seizure burden and other markers of epilepsy severity were associated with
poorer cognitive performance in several studies. Mathon et al. identified associations
between psychomotor and cognitive impairment and markers of greater disease or
treatment burden, including higher seizure frequency, epileptic encephalopathy, and
greater ASM exposure [9]. Lozano-Garcia et al. also reported an inverse association
between seizure frequency and IAP memory performance (r = -0.25, p = 0.05) [19].
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Neuropathological findings provided a different perspective on this relationship. Toscano
et al. reported that greater hyperphosphorylated tau accumulation was associated with
both higher seizure frequency and poorer attentional performance [18]. However, these
associations do not establish a sequential pathway in which greater seizure frequency
leads to tau accumulation and subsequent cognitive impairment.

Taken together, the available evidence indicates that greater epilepsy burden is
associated with poorer cognitive performance in selected cohorts. However, seizure
frequency is closely related to disease duration, epilepsy syndrome, structural pathology,
ASM exposure, and treatment intensity. Its independent contribution to cognitive
dysfunction therefore cannot be isolated from the available observational evidence, and
these studies do not establish that reducing seizure frequency necessarily results in
cognitive improvement [9,12,16,17,22].

Overall synthesis. Sleep quality, ASM burden, individual medication exposure, and
seizure burden were associated with cognitive performance across the included studies
[8-10,18-22]. These findings identify clinically relevant factors that may warrant
consideration during neuropsychological assessment and treatment planning. However,
the available evidence does not establish that any of these factors independently causes
cognitive dysfunction or that modifying them necessarily improves cognitive outcomes.
Their effects are likely to interact with epilepsy severity, underlying pathology, treatment
exposure, and other patient characteristics. Accordingly, they should be regarded as
potentially modifiable correlates of cognitive performance rather than established
therapeutic targets for cognitive improvement.

4. Discussion
4.1. Main Findings and Interpretation

The principal finding of this systematic review is that cognitive dysfunction
associated with drug-resistant epilepsy (DRE) is heterogeneous and extends beyond the
memory impairment traditionally emphasized in epilepsy research. Across the included
studies, abnormalities were identified in memory, executive function, attention, language,
and processing- or psychomotor-speed-related measures, although the frequency and
severity of impairment varied substantially between populations and according to the
neuropsychological instruments used [7-10,14,26]. Rather than supporting a uniform
cognitive profile, the available evidence indicates that patients may exhibit distinct and
partially overlapping patterns of impairment involving different combinations of
cognitive domains [7,11,12].

Memory remained one of the most extensively investigated domains, particularly in
TLE and MTLE-HS. However, the reviewed evidence indicates that a predominantly
memory-centered conceptualization of cognitive dysfunction in DRE is insufficient, as
executive, attentional, and psychomotor abnormalities were also prominent across several
cohorts [7-11]. Together, these findings reinforce the multidomain and heterogeneous
nature of cognitive dysfunction, while differences in study populations and domain
definitions preclude direct comparison of impairment frequencies.

Language dysfunction represents another component of this heterogeneous
cognitive profile. Findings from DRE-TLE cohorts indicate that language impairment may
involve both behavioral deficits and alterations in the functional and structural
organization of language-related networks [14]. Together with findings in executive and
attentional domains, these observations suggest that cognitive phenotypes cannot be
explained solely by seizure-focus localization and are compatible with involvement of
distributed neural systems. Laterality may further contribute to the heterogeneity of
cognitive findings, particularly in temporal lobe epilepsy, although it was not examined
consistently across the included studies. Selected studies indicated side-dependent
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differences in memory and language-related outcomes, while longitudinal imaging
findings suggested different patterns of language-network organization and
postoperative reorganization following left- and right-sided temporal lobe surgery. In
particular, language-network changes were more prominent following left temporal
surgery, with evidence of bilateral and contralateral recruitment over follow-up, whereas
right temporal surgery was associated with comparatively more stable left-dominant
language organization [31]. These observations suggest that seizure-focus and surgical
laterality should be considered when interpreting cognitive outcomes in TLE. However,
the available evidence was concentrated in selected temporal-lobe and surgical cohorts
and was insufficiently consistent to support a separate quantitative synthesis or
generalization of lateralization effects across DRE syndromes.

A recurring observation across neuroimaging and electrophysiological studies was
the association between cognitive performance and abnormalities involving distributed
cortical and subcortical systems across different methodological approaches [12,14-17].
The convergence of these findings is compatible with a network-based explanatory
framework of cognitive dysfunction in DRE. This interpretation is also consistent with
broader contemporary neuropsychological models of epilepsy, which increasingly
conceptualize cognitive dysfunction in relation to distributed structural and functional
network abnormalities rather than exclusively in terms of focal lesion—deficit relationships
[33]. However, the studies differed substantially in epilepsy syndrome, cognitive
outcome, imaging or electrophysiological measure, and study design. The available
evidence therefore does not demonstrate a single network abnormality responsible for
cognitive impairment, nor does it establish whether the observed neural differences
represent causes, consequences, or compensatory responses to chronic epilepsy and its
treatment.

Neuropathological findings further illustrate the complexity of the relationship
between epilepsy and cognition. Associations between cognitive performance and tissue-
level abnormalities were not uniform across studies: hyperphosphorylated tau
accumulation was associated with poorer attentional performance in one cohort, whereas
mitochondrial respiratory-chain enzyme activity was not significantly associated with
neuropsychological performance in another [18,26]. Because these studies evaluated
different biological processes, the findings should not be interpreted as directly conflicting
and do not support a single neuropathological mechanism of cognitive dysfunction.

The reviewed evidence also indicates that cognitive performance may be associated
with potentially modifiable clinical factors, including sleep quality, ASM exposure, and
seizure burden [8-10,18-22]. However, the heterogeneity of findings and the
predominantly observational designs preclude attribution of cognitive dysfunction to any
individual factor or the assumption that modifying these factors will necessarily improve
cognitive outcomes.

Another important observation concerns the distinction between objectively
measured cognitive impairment and patients’ subjective cognitive experience. Rayner et
al. found that subjective memory complaints were not independently predicted by
autobiographical-memory performance and were instead associated with psychological
characteristics, including neuroticism [27]. This finding indicates that subjective
complaints and objective neuropsychological deficits should not be considered
interchangeable and suggests that cognitive symptoms in DRE should be interpreted
within a broader psychological and clinical context.

Finally, findings from presurgical and postoperative studies demonstrate that
cognition is relevant not only as a manifestation of epilepsy but also as an important
consideration in treatment planning and outcome assessment. Presurgical studies
evaluated language dominance, functional reserve, and estimated cognitive risk [19,29],
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whereas postoperative investigations examined directly observed cognitive outcomes
following different surgical approaches or in relation to the location and functional
characteristics of resected tissue [28,30-32]. These studies addressed distinct clinical
questions and used heterogeneous outcomes; consequently, presurgical estimates of
cognitive risk should be clearly distinguished from directly observed postoperative
cognitive change. Moreover, findings from mixed-age surgical cohorts without age-
stratified outcomes should not be interpreted as adult-specific estimates [30,31].

Overall, the evidence synthesized in this review supports a multidimensional
interpretation of cognitive dysfunction in DRE. Cognitive outcomes appear to be
associated with multiple interacting factors, including epilepsy-related pathology,
characteristics of distributed neural systems, seizure and treatment burden, individual
patient characteristics, and therapeutic interventions [12,14-17]. A network-based
perspective provides a useful framework for integrating these observations, but should
be regarded as an explanatory model rather than an established causal mechanism. The
substantial methodological and clinical heterogeneity of the available evidence also
argues against assuming a single characteristic cognitive profile for all patients with DRE.

4.2. Clinical Implications

The findings of this review have several potential implications for the clinical
assessment of patients with drug-resistant epilepsy. First, neuropsychological evaluation
should not be restricted to memory function. Although memory impairment remains an
important component of the cognitive profile of DRE, abnormalities involving executive
function, attention, language, and processing or psychomotor speed were also identified
across the included studies [7-10,14]. The heterogeneity of these findings argues for
multidomain assessment rather than assuming a characteristic cognitive profile based
primarily on epilepsy localization or syndrome.

Executive and attentional measures may be particularly relevant components of such
assessment. Impairment involving these domains was identified in several cohorts,
including patients whose memory and language performance was relatively preserved
[7-9,11]. Structural and electrophysiological studies also associated executive or
attentional performance with characteristics of frontothalamic and attentional networks
[15,16]. These findings do not establish a specific network mechanism or justify the use of
neuroimaging or electrophysiological measures as routine cognitive biomarkers. They do,
however, reinforce the importance of assessing cognition beyond memory alone.

Clinical interpretation should also distinguish subjective cognitive complaints from
objectively measured impairment. Rayner et al. found that subjective memory complaints
were associated with psychological characteristics and were not independently predicted
by autobiographical-memory performance [27]. Accordingly, subjective complaints may
provide clinically relevant information but should not be assumed to correspond directly
to impairment on formal neuropsychological testing. Where cognitive symptoms are
reported, their interpretation may therefore benefit from consideration of both objective
cognitive performance and the broader psychological and clinical context.

Longitudinal cognitive assessment may also be relevant in selected patients,
particularly when there are changes in seizure burden, pharmacological treatment, or
other clinical characteristics. Associations between cognitive performance and seizure
frequency or treatment burden were reported in several studies [8-10,18,19]. However,
these relationships are potentially confounded by epilepsy severity, disease duration,
underlying pathology, and treatment intensity. Consequently, the available evidence does
not establish that recurrent seizures or greater ASM exposure independently cause
progressive cognitive decline. Repeated assessment should therefore be considered
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primarily as a means of documenting cognitive change and identifying potential
contributing factors rather than as evidence of a specific underlying mechanism.

Potentially modifiable clinical factors may warrant consideration when evaluating
cognitive difficulties. Poorer sleep quality was associated with worse cognitive
performance [22], while studies of ASM exposure identified associations between
treatment burden and selected cognitive outcomes [8,10,19]. Cognitive changes reported
during cenobamate treatment were heterogeneous across studies and domains [20,21].
These findings support consideration of sleep quality and treatment-related cognitive
tolerability as part of the overall clinical context. However, they do not demonstrate that
modifying sleep, reducing ASM burden, or altering an individual medication will
necessarily improve cognition.

Cognitive findings in DRE should also be interpreted within the broader
psychological and individual context. Psychiatric and affective factors may influence both
perceived and measured cognitive difficulties and may therefore act as important
potential confounders when cognitive outcomes are evaluated. In the study by Rayner et
al. [27], subjective memory complaints were not independently predicted by
autobiographical-memory performance; instead, neuroticism contributed substantially to
subjective complaints, together with verbal-memory impairment and female sex in
patients with mesial temporal foci. These findings emphasize that subjective cognitive
complaints should not automatically be interpreted as direct indicators of objective
cognitive impairment. Conversely, individual differences in cognitive reserve may partly
modify the expression of cognitive dysfunction. In the cohort reported by Vascouto et al.
[10], years of education were positively associated with performance across most of the
neuropsychological measures examined. Although education represents only an indirect
proxy for cognitive reserve, these findings suggest that educational background and,
where available, estimates of premorbid cognitive ability should be considered when
interpreting neuropsychological performance and when comparing cognitive outcomes
across patients with DRE.

In routine neurological practice, the present findings support a staged approach to
cognitive evaluation rather than reliance on a single global screening score. Brief clinical
screening may initially include targeted questioning regarding memory, attention,
executive difficulties, slowed cognitive performance, and word-finding problems,
together with consideration of changes in everyday functioning. Where feasible, brief
objective measures sampling more than one domain may complement this assessment.
However, no single screening instrument or abbreviated battery can be recommended as
optimal for DRE on the basis of the studies included in this review. Abnormal screening
findings, persistent subjective cognitive complaints, functional decline, or a clinically
relevant discrepancy between reported difficulties and brief screening performance
should prompt consideration of comprehensive neuropsychological assessment,
particularly when treatment modification or epilepsy surgery is being considered.
Screening should therefore be viewed as a means of identifying patients who may require
more detailed evaluation rather than as a substitute for formal neuropsychological
assessment [6].

Cognitive assessment is particularly relevant in the context of epilepsy surgery.
Presurgical studies evaluated memory and language function, hemispheric dominance,
functional reserve, and estimated cognitive risk [19,29]. Postoperative studies, in contrast,
directly assessed cognitive change and identified associations with surgical approach,
preservation or resection of functionally relevant structures, and functional organization
of language-related regions [28,30-32]. These findings support considering cognitive
outcomes alongside seizure-related outcomes during presurgical evaluation and
postoperative follow-up. Nevertheless, the available studies do not establish the
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superiority of a particular surgical or functional-mapping strategy for cognitive
preservation, and findings from mixed-age cohorts without age-stratified analyses should
be interpreted cautiously [30,31].

From a research perspective, the substantial heterogeneity of neuropsychological
instruments, cognitive-domain definitions, epilepsy populations, and outcome reporting
limits direct comparison across studies. Future studies would benefit from prospective
longitudinal designs, clearly defined adult DRE populations, and harmonized
multidomain neuropsychological assessment. At minimum, such assessment should
consistently sample verbal learning and delayed recall, attention and processing speed,
executive control and cognitive flexibility, and language functions such as naming and
verbal fluency. Measures frequently represented in the present evidence base, including
verbal-learning paradigms, Trail Making Test Parts A and B, interference or inhibitory-
control tasks, verbal-fluency measures, and speed-dependent tasks, could provide a
pragmatic basis for greater methodological consistency, although the present review does
not establish a single optimal or DRE-specific test battery. Neurobiological studies would
additionally benefit from prospectively integrating cognitive outcomes with standardized
structural and functional imaging or electrophysiological measures, allowing candidate
network-level correlates to be evaluated reproducibly across independent cohorts. Studies
examining potentially modifiable factors should be designed to distinguish the effects of
seizure control, ASM exposure, sleep, and other clinical variables rather than evaluating
these factors in isolation. In surgical cohorts, presurgical risk estimates should be reported
separately from observed postoperative outcomes, and age-stratified analyses are needed
when pediatric and adult participants are enrolled together.

4.3. Strengths and Limitations of the Available Evidence

This review has several strengths. It synthesizes evidence across multiple cognitive
domains and integrates neuropsychological findings with neuroimaging,
electrophysiological, neuropathological, pharmacological, and surgical evidence. This
broad approach allowed cognitive dysfunction in DRE to be considered from
complementary clinical and neurobiological perspectives rather than primarily through
the traditional emphasis on memory impairment. In addition, methodological quality and
risk of bias were systematically evaluated using study-design-specific JBI critical appraisal
tools, and recurrent methodological limitations of the included studies were considered
when interpreting the findings.

Several limitations of the available evidence should nevertheless be acknowledged.
First, substantial clinical and methodological heterogeneity was present across studies.
The included populations differed with respect to epilepsy syndrome and etiology,
definitions and documentation of drug resistance, clinical characteristics, treatment
exposure, and surgical status. Studies also used heterogeneous neuropsychological
instruments, definitions of cognitive domains, outcome measures, and thresholds for
impairment. Operational definitions and terminology for drug resistance were not
reported uniformly across the included studies, further limiting direct comparability
between cohorts. Where detailed criteria were unavailable, the terminology used by the
original investigators was retained rather than retrospectively imposing a uniform
definition. This heterogeneity limited direct comparison across studies and precluded a
meaningful quantitative synthesis or estimation of pooled prevalence or effect sizes.

Second, the evidence base consisted predominantly of observational, cross-sectional,
or retrospective studies. Several neuroimaging, electrophysiological, neuropathological,
and surgical investigations additionally included relatively small or highly selected
samples [16,18,30,31]. Consequently, the reported associations between cognitive
performance and neurobiological abnormalities, seizure burden, treatment exposure, or

https://doi.org/10.3390/brainsci16101103



Brain Sci. 2026, 16, 1103

27 of 31

surgical characteristics should not be interpreted as evidence of causality. The nature of
the available evidence also reflects several practical and methodological challenges
inherent to research on cognition in DRE. Many studies were conducted in specialized
tertiary epilepsy or surgical settings and involved detailed neuropsychological
assessment combined, in selected cases, with neuroimaging, electrophysiological,
neuropathological, or invasive presurgical procedures. Such study designs may constrain
recruitment and contribute to the relatively modest sample sizes observed in several
cohorts. In addition, the marked clinical heterogeneity of DRE, together with variation in
cognitive assessment instruments and treatment pathways, makes the assembly of large,
methodologically homogeneous cohorts challenging. Larger samples were more
commonly available in retrospective or clinically defined cohorts, whereas studies
involving multimodal or procedure-specific assessments generally included fewer
participants. These characteristics help explain why the current evidence base remains
relatively limited and fragmented despite the clinical importance of cognitive dysfunction
in DRE.

Third, a substantial proportion of the available evidence was derived from patients
with TLE, frequently from presurgical or surgical populations [14,28,29]. Generalizability
to patients with other drug-resistant epilepsy syndromes, etiologies, or clinical
characteristics is therefore uncertain. Evidence from other epilepsy syndromes was
comparatively limited, despite findings suggesting that multidomain cognitive
dysfunction is not restricted to TLE.

An additional limitation concerns the composition of some included study
populations. Although most studies investigated adults with confirmed DRE, selected
studies enrolled mixed pediatric-adult populations without reporting age-stratified
cognitive outcomes, and one presurgical TLE cohort did not explicitly document drug
resistance in every participant [11,30,31]. These studies provided relevant complementary
information concerning cognitive phenotypes or treatment-related outcomes, but their
findings cannot be assumed to represent adults with confirmed DRE specifically.
Accordingly, findings from these cohorts were interpreted in the context of the entire
study population and were not used as adult-specific estimates where age-stratified data
were unavailable.

Longitudinal evidence also remains limited. Although selected studies evaluated
cognitive changes following pharmacological or surgical treatment or during longer-term
postoperative follow-up [20,28,31,32], the available evidence is insufficient to characterize
the natural trajectory of cognitive impairment in DRE. In particular, it remains difficult to
distinguish cognitive changes associated with seizure burden, treatment exposure,
underlying pathology, disease progression, and neuroplastic reorganization. Longer
prospective studies with repeated standardized neuropsychological assessment are
required to clarify these relationships.

The review process itself also has methodological limitations. The electronic search
was conducted in PubMed/MEDLINE and Web of Science and was supplemented by
reference-list screening. Although the inclusion of two bibliographic databases and
supplementary citation searching broadened the search relative to a single-database
strategy, potentially relevant studies indexed primarily in other databases, including
Embase, PsycINFO, Scopus, or the Cochrane Library, may have been missed. The
predefined 2017-2026 publication window was selected to focus the review on
contemporary neuropsychological, neuroimaging, electrophysiological, and therapeutic
approaches. Nevertheless, this temporal restriction may have excluded relevant earlier
studies and therefore limits the review’s ability to characterize the historical development
of knowledge on cognitive dysfunction in DRE. In addition, the search was restricted to
English-language publications, introducing the possibility of language bias. Publication
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bias also cannot be excluded, as studies reporting statistically significant or clinically
notable cognitive findings may be more likely to be published, while formal assessment
of publication bias was not feasible because no quantitative meta-analysis was performed
and the number of sufficiently comparable studies within individual outcome domains
was limited. These factors may have influenced the composition of the available evidence
and should be considered when interpreting the overall synthesis.

Study selection was initially performed by one reviewer rather than independently
in duplicate. A second reviewer subsequently independently verified the eligibility of all
studies selected for inclusion, providing an additional check of the final study set;
however, excluded records were not independently screened in duplicate. Therefore, the
possibility that potentially eligible studies were excluded during the initial screening
process cannot be completely eliminated. Data extraction was also performed by one
reviewer and was not independently duplicated, although extracted information was
checked against the corresponding source publications during preparation of the final
evidence tables and narrative synthesis. These procedures may have increased the risk of
screening or extraction errors compared with fully independent duplicate review
procedures.

Risk-of-bias assessment was performed using design-specific JBI critical appraisal
tools, allowing methodological limitations to be evaluated according to study design.
Nevertheless, methodological appraisal cannot eliminate biases inherent in the primary
studies, and the heterogeneity of study designs limits direct comparison of
methodological quality across the evidence base. In addition, no formal assessment of
publication bias or certainty of evidence was performed, and the heterogeneity of study
populations, cognitive outcomes, and designs limited the feasibility of such assessments.

Finally, this systematic review was not prospectively registered, and a formal review
protocol was not prepared or made publicly available. Consequently, methodological
decisions cannot be independently compared with a prespecified protocol, and the
possibility of post hoc decisions during study selection, data synthesis, or presentation
cannot be fully excluded. These limitations should be considered when interpreting the
findings and emphasize the need for future systematic reviews with prospective
registration, prespecified protocols, broader database coverage, and fully independent
duplicate screening and data extraction.

5. Conclusions

Drug-resistant epilepsy is associated with heterogeneous cognitive impairment
involving multiple neuropsychological domains, including memory, executive function,
attention, language, and processing- or psychomotor-speed-related performance. The
available evidence does not support a single characteristic cognitive profile across patients
with DRE. Although memory remains an important component of cognitive dysfunction,
abnormalities in executive, attentional, and language functions were also prominent in
selected cohorts [7-10,14].

Findings from neuropsychological, neuroimaging, electrophysiological, and
neuropathological studies are compatible with a network-based framework in which
cognitive performance is associated with abnormalities involving distributed neural
systems [12,14-17]. However, the predominantly observational and methodologically
heterogeneous evidence does not establish network dysfunction as a causal or unitary
mechanism. Cognitive performance was also associated with potentially modifiable
clinical factors, including sleep quality, ASM burden, individual medication exposure,
and seizure burden [9,19-22]. Nevertheless, the current evidence is insufficient to
determine whether modification of these factors independently improves cognition or to
establish a hierarchy of modifiable targets for clinical intervention. Accordingly, no single

https://doi.org/10.3390/brainsci16101103



Brain Sci. 2026, 16, 1103

29 of 31

References

modifiable factor can presently be identified as the most urgent target on the basis of the
available evidence.

Overall, these findings support consideration of cognition as a multidimensional
component of DRE and favor assessment that extends beyond memory alone. The
certainty and generalizability of these conclusions are limited by substantial heterogeneity
in study populations, neuropsychological methods, treatment contexts, and outcome
reporting, together with the predominance of observational evidence and selected
temporal-lobe and surgical cohorts. Prospective longitudinal studies using harmonized
multidomain cognitive assessment in clearly defined adult DRE populations are needed
to clarify potentially causal and modifiable determinants of cognitive dysfunction.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/brainscil6101103/s1, Table S1: Risk-of-bias assessment of
analytical cross-sectional studies; Table S2: Risk-of-bias assessment of case—control studies; Table
S53: Risk-of-bias assessment of cohort and longitudinal studies; Table S4: Risk-of-bias assessment of
the randomized controlled trial; Table S5: PRISMA 2020 checklist; Table S6: Detailed study-level
synthesis of neuropsychological findings, sample characteristics, and methodological
considerations; Table S7: Complete database search strategies used for study identification; Figure
S1: Electrophysiological correlates of attentional dysfunction in drug-resistant left temporal lobe
epilepsy; Figure S2: Language-network correlates and surgery-related language findings in
temporal lobe epilepsy. Supplementary Tables S1-S6 provide methodological assessments and
detailed findings from the 22 primary studies included in this systematic review [7-12,14-22,26-32].
All corresponding publications are included in the main reference list.

Author Contributions: Conceptualization, M.B., E.A.-P. and M.C.; methodology, M.B. and M.C,;
investigation, M.B. and M.C.; data curation, M.B.; writing—original draft preparation, M.B,;
writing—review and editing, M.B., E.A.-P., A K. (Adam Kretowski), ] K., A K. (Alina Kutakowska)
and M.C,; supervision, E.A.-P. and M.C. All authors have read and agreed to the published version

of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All data analyzed in this systematic review were obtained from the
published studies included in the review. No new datasets were generated. Additional materials
supporting the review, including study-level risk-of-bias assessments and the detailed study-level
synthesis of neuropsychological findings, are provided in the Supplementary Materials. No

analytical code was generated because no quantitative meta-analysis was performed.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Thijs, R.D.; Surges, R.; O’Brien, T.J.; Sander, J.W. Epilepsy in adults. Lancet 2019, 393, 689-701. https://doi.org/10.1016/S0140-
6736(18)32596-0. PMID: 30686584.

2. Kalilanj, L.; Sun, X.; Pelgrims, B.; Noack-Rink, M.; Villanueva, V. The epidemiology of drug-resistant epilepsy: A systematic
review and meta-analysis. Epilepsia 2018, 59, 2179-2193. https://doi.org/10.1111/epi.14596. PMID: 30426482.

3. Kwan, P,; Arzimanoglou, A.; Berg, A.T.; Brodie, M.].; Allen Hauser, W.; Mathern, G.; Moshé, S.L.; Perucca, E.; Wiebe, S.; French,
J. Definition of drug resistant epilepsy: Consensus proposal by the ad hoc Task Force of the ILAE Commission on Therapeutic
Strategies. Epilepsia 2010, 51, 1069-1077. https://doi.org/10.1111/j.1528-1167.2009.02397.x. PMID: 19889013. Erratum in Epilepsia

2010, 51, 1922.

https://doi.org/10.3390/brainsci16101103



Brain Sci. 2026, 16, 1103 30 of 31

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Auvin, S.; Galanopoulou, A.S.; Moshé, S.L.; Potschka, H.; Rocha, L.; Walker, M.C. TASK1 workgroup on drug-resistant epilepsy
of the ILAE/AES Joint Translational Task Force. Revisiting the concept of drug-resistant epilepsy: A TASK1 report of the
ILAE/AES Joint Translational Task Force. Epilepsia 2023, 64, 2891-2908. https://doi.org/10.1111/epi.17751. PMID: 37676719;
PMCID: PMC10836613.

Mesraoua, B.; Brigo, F.; Lattanzi, S.; Abou-Khalil, B.; Al Hail, H.; Asadi-Pooya, A.A. Drug-resistant epilepsy: Definition,
pathophysiology, and management. J. Neurol. Sci. 2023, 452, 120766. https://doi.org/10.1016/j.jns.2023.120766. PMID: 37597343.
Wilson, S.J.; Baxendale, S.; Barr, W.; Hamed, S.; Langfitt, ].; Samson, S.; Watanabe, M.; Baker, G.A.; Helmstaedter, C.; Hermann,
B.P.; et al. Indications and expectations for neuropsychological assessment in routine epilepsy care: Report of the ILAE
Neuropsychology ~Task Force, Diagnostic Methods Commission, 2013-2017. Epilepsia 2015, 56, 674-681.
https://doi.org/10.1111/epi.12962. PMID: 25779625.

Léahde, N.; Basnyat, P.; Lehtinen, H.; Rosti-Otajérvi, E.; Kdmppi, L.; Peltola, J. Attention and Executive Functions Are the Most
Vulnerable Cognitive Domains in Patients With Drug-Resistant Epilepsy Prior to Neurostimulation Therapy. Brain Behav. 2026,
16, €71318. https://doi.org/10.1002/brb3.71318. PMID: 41914388; PMCID: PMC13112028.

Sarkis, R.A.; McGinnis, S.; Rushia, S.N.; Park, S.; Ansari, E.E.; Willment, K.C. Growing older with drug-resistant epilepsy:
Cognitive and psychosocial outcomes. J. Neurol. 2018, 265, 1059-1064. https://doi.org/10.1007/s00415-018-8805-z.

Mathon, B.; Bordes, A.; Amelot, A.; Carpentier, A.; Méré, M.; Dupont, S.; Samson, S. Evaluation of psychomotor functions in
patients with drug-resistant epilepsy. Epilepsy Behav. 2020, 106, 106985. https://doi.org/10.1016/j.yebeh.2020.106985. PMID:
32163833.

Vascouto, H.D.; de Oliveira Thais, M.E.; Osério, C.; Melo, H.M.; Benevides, M.L.; Campos, W.K.; Guarnieri, R.; Nunes, ].C.; Lin,
K.; Walz, R. How predictable is cognitive performance in Brazilian patients with pharmacoresistant mesial temporal lobe
epilepsy? Epilepsy Behav. 2020, 112, 107453. https://doi.org/10.1016/j.yebeh.2020.107453. PMID: 33181899.

Elverman, K.H.; Resch, Z.].; Quasney, E.E.; Sabsevitz, D.S.; Binder, ].R.; Swanson, S.J. Temporal lobe epilepsy is associated with
distinct cognitive phenotypes. Epilepsy Behav. 2019, 96, 61-68. https://doi.org/10.1016/j.yebeh.2019.04.015. PMID: 31077942.
Miron, G.; Miiller, P.M.; Hohmann, L.; Oltmanns, F.; Holtkamp, M.; Meisel, C.; Chien, C. Cortical Thickness Patterns of
Cognitive Impairment Phenotypes in Drug-Resistant Temporal Lobe Epilepsy. Ann. Neurol. 2024, 95, 984-997.
https://doi.org/10.1002/ana.26893. PMID: 38391006.

Norman, M.; Wilson, S.J.; Baxendale, S.; Barr, W.; Block, C.; Busch, R.M.; Fernandez, A.; Hessen, E.; Loring, D.W.; McDonald,
C.R;; et al. Addressing neuropsychological diagnostics in adults with epilepsy: Introducing the International Classification of
Cognitive Disorders in Epilepsy: The IC CODE Initiative. Epilepsia Open 2021, 6, 266-275. https://doi.org/10.1002/epi4.12478.
PMID: 34033259; PMCID: PMC8166800.

Kaestner, E.; Reyes, A.; Macari, A.C.; Chang, Y.H.; Paul, B.M.; Hermann, B.P.; McDonald, C.R. Identifying the neural basis of a
language-impaired phenotype of temporal lobe epilepsy. Epilepsia 2019, 60, 1627-1638. https://doi.org/10.1111/epi.16283. PMID:
31297795, PMCID: PMC6687533.

Zhang, C.; Zhang, H.; Xu, K,; Yang, H.; Liu, C; Yu, T.; Chen, N.; Li, K. Impaired prefrontal cortex-thalamus pathway in
intractable temporal lobe epilepsy with aberrant executive control function: MRI evidence. Clin. Neurophysiol. 2019, 130, 484—
490. https://doi.org/10.1016/j.clinph.2018.12.007. PMID: 30771725.

Zhan, C; Wang, Q.; Wang, W.; Pan, N.; Feng, J.; Yang, Z.; Fei, S.; Chen, Z.; Chen, Y. Task-Evoked Theta Oscillation
Dysregulation Underlies Attention Network Deficits in Left Temporal Lobe Drug-Resistant Epilepsy. CNS Neurosci. Ther. 2025,
31, 70450. https://doi.org/10.1111/cns.70450. PMID: 40501121; PMCID: PMC12159323.

Crespo Pimentel, B.; Kuchukhidze, G.; Xiao, F.; Caciagli, L.; Hoefler, J.; Rainer, L.; Kronbichler, M.; Vollmar, C.; Duncan, J.S.;
Trinka, E.; et al. Quantitative MRI Measures and Cognitive Function in People With Drug-Resistant Juvenile Myoclonic
Epilepsy. Neurology 2024, 103, e209802. https://doi.org/10.1212/WNL.0000000000209802. PMID: 39303180; PMCID:
PMC11446167.

Toscano, E.C.B.; Vieira, E.L.M.; Grinberg, L.T.; Rocha, N.P.; Brant, J.A.S.; Paradela, R.S.; Giannetti, A.V.; Suemoto, C.K; Leite,
R.E.P,; Nitrini, R.; et al. Hyperphosphorylated Tau in Mesial Temporal Lobe Epilepsy: A Neuropathological and Cognitive
Study. Mol. Neurobiol. 2023, 60, 2174-2185. https://doi.org/10.1007/s12035-022-03190-x. PMID: 36622561; PMCID: PMC10084588.
Lozano-Garcia, A.; Hampel, K.G.; Garcés-Sanchez, M.; Aparici-Robles, F.; Rubio-Sanchez, P.; Gonzalez-Bono, E.; Cano-Lépez,
L; Villanueva, V. Drug load and memory during intracarotid amobarbital procedure in epilepsy. Acta Neurol. Scand. 2021, 144,
585-591. https://doi.org/10.1111/ane.13491. PMID: 34132388.

https://doi.org/10.3390/brainsci16101103



Brain Sci. 2026, 16, 1103 31 of 31

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Witt, ].A; Badr, M.; Surges, R.; von Wrede, R.; Helmstaedter, C. The Effects of Cenobamate and Its Dosage on Cognition: A
Retrospective Longitudinal Study in 84 Individuals with Epilepsy. CNS Drugs 2025, 39, 893-902. https://doi.org/10.1007/s40263-
025-01196-2. PMID: 40504361; PMCID: PMC12354123.

Serrano-Castro, P.J.; Ramirez-Garcia, T.; Cabezudo-Garcia, P.; Garcia-Martin, G.; De La Parra, J. Effect of Cenobamate on
Cognition in Patients with Drug-Resistant Epilepsy with Focal Onset Seizures: An Exploratory Study. CNS Drugs 2024, 38, 141-
151. https://doi.org/10.1007/s40263-024-01063-6.

Chakravarty, K.; Shukla, G.; Poornima, S.; Agarwal, P.; Gupta, A.; Mohammed, A.; Ray, S.; Pandey, R.M.; Goyal, V.; Srivastava,
A.; et al. Effect of sleep quality on memory, executive function, and language performance in patients with refractory focal
epilepsy and controlled epilepsy versus healthy controls—A prospective study. Epilepsy Behav. 2019, 92, 176-183.
https://doi.org/10.1016/j.yebeh.2018.12.028. PMID: 30665125.

Monteagudo-Gimeno, E.; Sanchez-Gonzélez, R.; Rodriguez-Urrutia, A.; Fonseca-Casals, F.; Pérez-Sola, V.; Bulbena-Vilarrasa,
A.; Pintor-Pérez, L. Relationship between cognition and psychopathology in drug-resistant epilepsy: A systematic review. Eur.
J. Psychiatry 2020, 34, 109-119. https://doi.org/10.1016/j.ejpsy.2020.03.002.

Alexandratou, I.; Patrikelis, P.; Messinis, L.; Alexoudi, A.; Verentzioti, A.; Stefanatou, M.; Nasios, G.; Panagiotopoulos, V.;
Gatzonis, S. Long-Term Neuropsychological Outcomes Following Temporal Lobe Epilepsy Surgery: An Update of the
Literature. Healthcare 2021, 9, 1156. https://doi.org/10.3390/healthcare9091156. PMID: 34574930; PMCID: PMC8466433.

Malaga, M.; Modiano, Y.; Haneef, Z. Neuropsychological and neurobehavioral outcomes of responsive neurostimulation in
epilepsy: A systematic review and meta-analysis. Epilepsia 2025, 66, 3585-3601. https://doi.org/10.1111/epi.18505. PMID:
40528736.

Osorio, C.M.; Latini, A.; Leal, R.B.; de Oliveira Thais, M.E.R.; Vascouto, H.D.; Remor, A.P.; Lopes, M.W.; Linhares, M.N.; Ben,
J.; de Paula Martins, R.; et al. Neuropsychological functioning and brain energetics of drug resistant mesial temporal lobe
epilepsy patients. Epilepsy Res. 2017, 138, 26-31. https://doi.org/10.1016/j.eplepsyres.2017.10.009. PMID: 29040828.

Rayner, G.; Siveges, B.; Allebone, J.; Pieters, J.; Wilson, S.J. Contribution of autobiographic memory impairment to subjective
memory complaints in focal epilepsy. Epilepsy Behav. 2020, 102, 106636. https://doi.org/10.1016/j.yebeh.2019.106636. PMID:
31760203.

Sone, D.; Ahmad, M.; Thompson, P.J.; Baxendale, S.; Vos, S.B.; Xiao, F.; de Tisi, J.; McEvoy, A.W.; Miserocchi, A.; Duncan, J.S.;
et al. Optimal Surgical Extent for Memory and Seizure Outcome in Temporal Lobe Epilepsy. Ann. Neurol. 2022, 91, 131-144.
https://doi.org/10.1002/ana.26266. PMID: 34741484; PMCID: PMC8916104.

Jaramillo-Jiménez, E.; Hoyos-Rubio, ]J.D.; Jiménez-Jaramillo, M.E.; Torres-Bustamante, M.; Zapata-Berruecos, J.F.; Carvajal-
Castrilldn, J.S.; Yepes-Paz, J.; Rincones-Pérez, ].R.; Arboleda-Ramirez, A. Memory and language risk assessment with Wada test
in patients candidates for epilepsy surgery. Rev. Neurol. 2024, 78, 295-305. https://doi.org/10.33588/rn.7811.2024029. PMID:
38813787; PMCID: PMC11407459.

Ervin, B.; Kargol, C.; Byars, A.W.; Buroker, J.; Rozhkov, L.; Skoch, J.; Mangano, F.T.; Greiner, H.M.; Horn, P.S.; Holland, K,; et
al. High-gamma modulation language mapping and cognitive outcomes after epilepsy surgery. Epilepsia 2024, 65, 3052-3063.
https://doi.org/10.1111/epi.18096. PMID: 39162748; PMCID: PMC11495990.

Sablik, M.; Fleury, M.N.; Binding, L.P.; Carey, D.P.; d’Avossa, G.; Baxendale, S.; Winston, G.P.; Duncan, J.S.; Sidhu, M.K. Long-
term neuroplasticity in language networks after anterior temporal lobe resection. Epilepsin 2025, 66, 207-225.
https://doi.org/10.1111/epi.18147. PMID: 39503631; PMCID: PMC11742647. Erratum in: Epilepsia 2026, 67, 2667.
https://doi.org/10.1111/epi.70041.

Shan, Y.; Shi, J; Wang, T, Chen, S; Feng, T, Yin, L; Ren, L; Wei, P; Yang, Y., Wang, H.; et al. Optimized
stereoelectroencephalography-guided thermocoagulation versus anterior temporal lobectomy in mesial temporal epilepsy: A
pilot randomized controlled study. J. Adv. Res. 2026, 81, 955-965. https://doi.org/10.1016/j.jare.2025.06.042. PMID: 40543839;
PMCID: PMC12958198.

Smith, M.L.; Fujikawa, M.; Rayner, G.; Margolis, S.A.; Hermann, B.; Baker, G.; Baxendale, S.; Busch, R.; Dollman, A.; Ives-
Deliperi, V.; et al. Diagnostic Challenges in the Neuropsychology of Epilepsy: Report of the ILAE Neuropsychology Task Force
Diagnostic Methods Commission: 2021-2025. Epileptic Disord. 2025, 27, 729-744. https://doi.org/10.1002/epd2.70052. PMID:
40512100; PMCID: PMC12574493.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/brainsci16101103



