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Abstract: Introduction: Refractory epilepsy is common in children with Autism Spectrum Disorder
(ASD), significantly affecting their cognitive development and quality of life. Surgical interventions
provide a therapeutic option, but it remains unclear which technique offers the best outcomes for this
population. Objective: To compare the efficacy and safety of four surgical techniques—lesionectomy,
temporal lobectomy, extratemporal cortical resection, and functional hemispherectomy—in children
with refractory epilepsy, both with and without ASD, and evaluate their impact on cognitive and
behavioral development and quality of life. Methodology: A retrospective study was conducted with
120 children diagnosed with refractory epilepsy, equally divided between those with and without
ASD. Patients were assigned to one of four surgical groups (n = 15 per group) based on the interven-
tion performed. Data on demographic and clinical characteristics, as well as one-year postoperative
outcomes—including seizure control (Engel classification), intelligence quotient (WISC-V), adaptive
behavior (Vineland-II), and quality of life (PedsQL)—were collected. Statistical analyses were applied
to compare the results among groups, and logistic regression was used to identify the predictors
of seizure freedom. Results: Lesionectomy and temporal lobectomy groups showed significantly
higher rates of seizure freedom (80% and 73%, respectively) compared to extratemporal resection
(60%) and functional hemispherectomy (67%). These groups also presented significant improvements
in intelligence quotient, adaptive behavior, quality of life, and reductions in ASD symptoms (p < 0.01).
Perioperative complications were notably lower in the lesionectomy and temporal lobectomy groups
(7%) compared to extratemporal resection and functional hemispherectomy (40%; p = 0.007). Signifi-
cant predictors of seizure freedom included the presence of structural anomalies on neuroimaging
and a shorter duration of epilepsy before surgery (p < 0.05). Conclusions: Lesionectomy and temporal
lobectomy are highly effective and safer surgical techniques for managing refractory epilepsy in chil-
dren with ASD, providing significant benefits in seizure control, cognitive development, and quality
of life. Importantly, the outcomes observed are not exclusive to children with ASD but likely reflect
broader efficacy across pediatric epilepsy populations. The early identification of surgical candidates
and comprehensive preoperative evaluations are essential for optimizing outcomes, emphasizing
the importance of individualized treatment planning and further comparative research to validate
these findings.
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1. Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition characterized
by challenges in social communication, restricted social interaction, and repetitive behav-
iors [1]. Its prevalence has significantly risen in recent decades, with the current estimates
suggesting approximately 1 in 54 children are affected according to the U.S. Centers for
Disease Control and Prevention (CDC) [2]. This increase is attributed to factors such as
heightened diagnostic awareness, evolving diagnostic criteria, and possible environmental
influences [3]. Among the most common medical comorbidities in individuals with ASD
is epilepsy, with prevalence rates ranging from 5% to 46%, significantly higher than the
0.5% to 1% observed in the general population of children [4–6]. The coexistence of these
conditions not only complicates the clinical picture but also presents significant diagnostic
and therapeutic challenges [7].

Research has revealed that ASD and epilepsy share neurobiological mechanisms, such
as abnormal brain connectivity and synaptic dysfunctions [8]. Genetic studies have identi-
fied mutations in genes like SCN2A, SHANK3, and SYNGAP1, which regulate neuronal
excitability and synaptic plasticity, linking these mutations to both ASD and childhood
epilepsies [9,10]. These genetic alterations may result in an imbalance in excitatory and
inhibitory neurotransmission, contributing to the development of epileptic seizures and
autistic traits [11]. Moreover, interictal epileptiform activity on electroencephalograms
(EEGs) is more frequently observed in individuals with ASD, even in the absence of clin-
ical seizures, suggesting that abnormal electrical discharges might influence cognitive
and neurological development, exacerbating ASD symptoms [12,13]. However, the pre-
cise relationship between epileptic seizures, subclinical epileptiform activity, and ASD
manifestations remains unclear [14].

Managing epilepsy in individuals with ASD is particularly challenging due to variable
responses to antiseizure medications (ASMs) and the potential for some medications to
worsen ASD-related behaviors or cognitive symptoms [15]. Up to 30% of epilepsy cases
are refractory, defined by persistent seizures despite the appropriate use of at least two
ASMs [16]. These refractory cases significantly impact cognitive development, behavior,
and quality of life [17]. Epilepsy surgery has been established as a highly effective treat-
ment option for focal refractory epilepsy [18], especially in children populations where
early surgical intervention often results in improved seizure control and better long-term
neurocognitive outcomes [19]. However, pre-surgical evaluations in patients with ASD are
more complex due to clinical heterogeneity and potential communication or cooperation
difficulties [20].

Comprehensive pre-surgical assessments are critical to optimizing outcomes. These
include detailed medical histories, neurological examinations, prolonged video-EEG mon-
itoring, and advanced imaging techniques such as high-resolution MRI, PET, MEG, and
SPECT [21–23]. Additionally, neuropsychological evaluations and psychiatric assessments
are crucial to establish cognitive and behavioral baselines and to identify risks or benefits
associated with surgery [24]. Collaborating with ASD specialists ensures that evaluations
and procedures are adapted to meet the specific needs of each patient [25].

Resective surgical techniques, including lesionectomy and temporal lobectomy, are
the gold standard for treating focal refractory epilepsy. Lesionectomy involves removing
the epileptogenic lesion, such as focal cortical dysplasias or low-grade tumors, with seizure
freedom rates reaching up to 80% in children [26–28]. Temporal lobectomy is particularly
effective for temporal lobe epilepsy associated with mesial temporal sclerosis, with seizure
freedom rates of 60% to 90% depending on factors such as focus lateralization and MRI-
detected structural abnormalities [29,30]. For more complex cases, such as hemispheric
or multifocal epilepsies, procedures like functional hemispherectomy may be considered.
This approach disconnects the affected hemisphere while preserving as much tissue as
possible to minimize complications, with the reported seizure freedom rates between 60%
and 80% [31–33].
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In instances where resective surgery is not feasible or poses unacceptable risks, pal-
liative options may be pursued. Callosotomy, which involves the partial or complete sec-
tioning of the corpus callosum, can reduce seizure frequency and improve the quality of
life by minimizing the risk of injuries during atonic or generalized tonic seizures [34–36].
Vagus nerve stimulation (VNS) is another alternative for treating refractory epilepsy, reduc-
ing seizure frequency by approximately 50%, although it rarely results in complete seizure
freedom [37–39]. Emerging techniques for children such as laser interstitial thermal therapy
(LITT) and stereotactic radiosurgery have shown promise as minimally invasive alternatives,
offering seizure freedom rates comparable to open surgery in selected cases of children [40–46].

Despite advances in surgical and therapeutic options, research focusing on surgical
outcomes in children with both ASD and epilepsy remains limited [47]. Factors such as
the age of seizure onset, epilepsy duration, seizure type and frequency, and ASD charac-
teristics influence post-surgical outcomes [48]. Additionally, surgery’s effects on cognitive
and behavioral development, as well as the quality of life for patients and their families,
are critical considerations [49]. A greater understanding of the neurobiological mecha-
nisms connecting ASD and epilepsy is essential to developing personalized therapeutic
strategies [50]. Multicenter longitudinal studies incorporating neuropsychological and
quality-of-life assessments could provide valuable insights for optimizing clinical manage-
ment and outcomes in this vulnerable population [51,52].

Therefore, the primary objective of this study was to evaluate and compare the efficacy
and one-year outcomes of different surgical techniques used in the treatment of refractory
epilepsy in children with ASD. To this end, seizure freedom rates were analyzed in patients
undergoing lesionectomy, temporal lobectomy, extratemporal cortical resection, and func-
tional hemispherectomy. Additionally, changes in cognitive and behavioral development
after each intervention were assessed using standardized neuropsychological scales. The
incidence of perioperative and long-term complications associated with each technique was
compared, including neurological deficits, behavioral disorders, and quality of life. The in-
fluence of pre-surgical factors—such as age, type and frequency of seizures, and structural
anomalies on neuroimaging—on one-year postoperative outcomes was also determined. Fi-
nally, evidence-based recommendations were provided for the optimal selection of surgical
techniques in this population, considering efficacy, safety, and quality-of-life improvement.

2. Method
2.1. Participants

This retrospective cohort study involved an initial pool of 230 pediatric patients,
divided into two main groups: 120 children with ASD and refractory epilepsy, and 110 chil-
dren with refractory epilepsy but without ASD. The inclusion of the non-ASD cohort
enabled a robust comparative analysis of surgical outcomes, allowing the exploration of
how ASD may influence postoperative results. To ensure that the sample was balanced, rep-
resentative, and methodologically sound, a multi-step selection process was implemented.

First, all 230 candidates were screened for eligibility based on detailed clinical records
and follow-up data. Of these, 20 children with ASD and 30 children without ASD were
excluded due to incomplete follow-up data, as their postoperative outcomes could not be
reliably assessed. Next, an additional 40 children with ASD and 20 without ASD were
excluded for not meeting strict inclusion criteria. These criteria required the presence
of clear epileptogenic foci, complete neuropsychological evaluations, and appropriate
surgical indications. Reasons for exclusion included unclear seizure localization, inadequate
imaging data, or medical conditions that precluded surgery.

The final sample consisted of 120 participants, with an equal distribution of 60 children
in each cohort (ASD and non-ASD). These participants were further divided into four surgi-
cal groups based on the type of intervention performed: lesionectomy, temporal lobectomy,
extratemporal cortical resection, and functional hemispherectomy, with 15 participants per
group. The balanced distribution was achieved by carefully matching participants on key
demographic and clinical variables, including age, sex, duration of epilepsy, and seizure
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frequency. This matching ensured homogeneity within the groups and comparability
between the cohorts, allowing for meaningful and statistically robust comparisons.

This rigorous selection process not only enhanced the study’s internal validity but
also addressed potential biases by ensuring that the final sample accurately reflected the
clinical characteristics of the target populations. By maintaining a methodical approach to
inclusion and exclusion, the study provides reliable insights into the impact of different
surgical techniques on seizure control, cognitive outcomes, and quality of life in children
with and without ASD.

The age of the patients at the time of surgery ranged from 4 to 12 years
(Mage = 8.3). This age range was chosen because epilepsy surgeries in children are typ-
ically performed early to take advantage of brain plasticity and optimize cognitive and
behavioral development.

Inclusion Criteria:

(a) For all groups:

• Age between 4 and 12 years at the time of surgery.
• Diagnosis of refractory epilepsy, defined as persistent seizures despite appro-

priate treatment with at least two ASMs.
• A minimum clinical follow-up of one year post-surgery.
• Complete clinical and neuroimaging data are available.

(b) For ASD group:

• Confirmed diagnosis of ASD according to DSM-5 criteria, supported by stan-
dardized tools such as the Autism Diagnostic Observation Schedule (ADOS-2)
and the Autism Diagnostic Interview-Revised (ADI-RASMs).

(c) For epilepsy-only group:

• No history of ASD or developmental disorders, as determined by neuropsy-
chological evaluations.

Surgical Inclusion Criteria:

• Lesionectomy: Patients with focal lesions identified in neuroimaging studies (e.g.,
focal cortical dysplasias, low-grade tumors, or vascular malformations) corresponding
to the epileptogenic focus determined by EEG.

• Temporal Lobectomy: Patients with temporal lobe epilepsy, supported by EEG findings
and structural abnormalities (e.g., mesial temporal sclerosis) observed in MRI.

• Extratemporal Cortical Resection: Patients with epileptogenic foci outside the temporal
lobe. Cases included lesions that were unresectable due to their location in eloquent
cortical areas or no visible lesions on imaging.

• Functional Hemispherectomy: Patients with catastrophic hemispheric epilepsies, such
as hemimegalencephaly or Rasmussen’s syndrome, involving an entire hemisphere.

Exclusion Criteria:

• History of previous epilepsy surgery.
• Severe uncontrolled comorbidities, such as progressive neurodegenerative diseases or

metabolic disorders, that could confound outcomes.
• Incomplete follow-up data or loss to follow-up during the study period.

All the patients and their families voluntarily participated in the study after receiving
detailed information about the research objectives and providing informed consent. The
inclusion of the epilepsy-only cohort allowed for a robust evaluation of how ASD may
influence surgical outcomes, providing a unique opportunity to explore differences between
children with ASD and epilepsy versus those with epilepsy alone.

2.2. Instruments and Materials

For the evaluation and follow-up of the patients, standardized instruments and materi-
als were used to ensure the uniformity and reliability of measurements. Neuropsychological
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scales included the Wechsler Intelligence Scale for Children-Fifth Edition (WISC-V) [53],
which assessed the overall intelligence quotient and specific cognitive abilities such as
verbal comprehension, perceptual reasoning, working memory, and processing speed. The
Vineland Adaptive Behavior Scales-II [54] were also used to measure adaptive behavior in
areas of communication, daily living skills, socialization, and motor skills. To monitor spe-
cific ASD symptoms, the Autism Treatment Evaluation Checklist (ATEC) [55] was applied,
evaluating aspects related to communication, sociability, cognitive/sensory awareness, and
physical health/behavior.

Seizure control was assessed using the modified Engel classification [56], which cate-
gorizes postoperative outcomes into four classes, from complete seizure freedom (Class I)
to no significant improvement (Class IV). Patients’ quality of life was measured using
the Pediatric Quality of Life Inventory (PedsQL) [57], a questionnaire that evaluates the
impact of illness and treatment on the physical, emotional, social, and school functioning
of children and adolescents.

Regarding neuroimaging studies, high-resolution brain magnetic resonance imaging
(MRI) with an epilepsy protocol was used, including T1, T2, FLAIR, DTI sequences, and
spectroscopy. This allowed the identification of structural abnormalities such as focal
cortical dysplasias, low-grade brain tumors, mesial temporal sclerosis, and vascular malfor-
mations. In selected cases where conventional MRI did not reveal significant anomalies,
positron emission tomography (PET) with [ˆ18F]-fluorodeoxyglucose (FDG) was employed
to detect areas of cortical hypometabolism associated with epileptogenic foci. Magnetoen-
cephalography (MEG) was used to localize the sources of epileptiform activity by recording
the magnetic fields generated by cerebral neuronal activity.

Electroencephalography (EEG) included prolonged video-EEG monitoring, recording
cerebral electrical activity and clinical events for at least 72 h. This allowed correlating
clinical seizures with electroencephalographic findings, facilitating the precise localization
of the epileptogenic focus. In situations where focus localization was unclear or involved
eloquent brain areas, invasive evaluations were performed using stereoelectroencephalog-
raphy (SEEG) or intraoperative electrocorticography (ECoG) to map epileptogenic activity
and critical functional areas.

For surgical interventions, neuronavigation systems were used for preoperative plan-
ning and precise intraoperative guidance, allowing the more accurate resection of the
affected areas. Intraoperative ECoG equipment was employed to monitor cerebral elec-
trical activity during surgery, helping confirm the elimination of epileptogenic activity
and preserve critical neurological functions. Additionally, microsurgical instruments and
surgical microscopy were utilized to ensure precision in resections and minimize damage
to adjacent healthy tissues.

2.3. Procedure

The study was conducted following strict ethical and methodological guidelines to
ensure the well-being and protection of participants. The research was approved by the
Ethics Committee of the University of Málaga (UMA) under approval code 120-2023-
H. The study followed a systematic protocol encompassing pre-surgical evaluation to
postoperative follow-up.

Initially, a multidisciplinary pre-surgical evaluation was conducted, including a de-
tailed medical history and comprehensive physical examination. Extensive information
was collected on the patient’s medical history, characteristics of epileptic seizures (type,
frequency, duration, and triggering factors), previous and current antiepileptic treatments,
and family history of epilepsy or ASD.

Neuropsychological and behavioral assessments were administered by clinical psy-
chologists specialized in ASD using the aforementioned scales. This established a baseline
of the patients’ cognitive and behavioral functioning, essential for comparing postoperative
changes. Advanced neuroimaging studies and prolonged video-EEG monitoring were
performed to localize the epileptogenic focus and thoroughly evaluate brain anatomy. In
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cases where focus localization was unclear or multiple foci were suspected, additional
techniques such as PET and MEG were employed to improve diagnostic precision.

The decision on which surgical technique to use was made in multidisciplinary medi-
cal board meetings involving neurologists, neurosurgeons, neuropsychologists specializing
in ASD, radiologists, and electrophysiologists. Clinical findings, neuropsychological as-
sessments, neuroimaging, and electrophysiological data of each patient were thoroughly
analyzed. The factors considered included the localization and extent of the epileptogenic
focus, the presence of resectable structural lesions, the risk of postoperative neurological
deficits, and the expectations of improvement in seizure control and quality of life. Parents
or legal guardians actively participated in decision making, receiving detailed information
about the risks and benefits of each surgical option.

Surgical interventions were performed under general anesthesia following standard-
ized protocols for each technique. In lesionectomy, the precise resection of the lesion
identified as the epileptogenic focus was carried out using neuronavigation and intraop-
erative ECoG to ensure complete removal and preserve surrounding healthy brain tissue.
Temporal lobectomy involves the resection of the affected temporal lobe, including mesial
structures such as the hippocampus and amygdala in the cases of mesial temporal sclerosis.
Special emphasis was placed on preserving cognitive functions such as language and mem-
ory. Extratemporal cortical resection consisted of removing epileptogenic cortical areas
located outside the temporal lobe using functional cortical mapping to avoid significant
neurological deficits. A functional hemispherectomy was performed in patients with catas-
trophic hemispheric epilepsies, functionally disconnecting the affected cerebral hemisphere
to interrupt seizure propagation while preserving anatomical integrity as much as possible
to reduce complications such as hydrocephalus.

Postoperative follow-up was systematically conducted at 1, 3, 6, and 12 months, and
then annually. At each follow-up visit, seizure control was assessed through clinical inter-
views and detailed records provided by caregivers, classifying the patients according to the
modified Engel scale. Neuropsychological and behavioral evaluations were repeated using
the same instruments applied preoperatively to identify changes in cognitive development,
adaptive behavior, and ASD symptoms. Additionally, the PedsQL and ATEC questionnaires
were administered to monitor the quality of life and the evolution of ASD symptoms.

Perioperative and long-term surgical complications were meticulously recorded, in-
cluding new neurological deficits (motor, sensory, and language), infections, hydrocephalus,
hemorrhages, and other relevant morbidities. The patients received additional therapeutic
interventions according to their individual needs, including neurological rehabilitation,
occupational therapy, speech therapy, and psychological support. Constant communication
with families was encouraged to provide guidance and support throughout the process.

2.4. Design

The study was structured as a retrospective comparative cohort with the objective
of analyzing and comparing the outcomes of different surgical techniques in a specific
population of children with ASD and refractory epilepsy. The patients were grouped
according to the surgical technique performed, allowing direct comparisons between
homogeneous groups in terms of age, sex, and clinical characteristics.

The dependent variables included seizure control efficacy, measured by the modified
Engel classification at one-year follow-up; cognitive and behavioral development, assessed
by changes in pre- and postoperative neuropsychological scale scores; quality of life,
determined by variations in PedsQL and ATEC scores; and the incidence of perioperative
and long-term surgical complications.

The independent variables considered were the surgical technique used (lesionectomy,
temporal lobectomy, extratemporal cortical resection, or functional hemispherectomy) and
pre-surgical factors such as age at the time of surgery, duration of epilepsy, type and
frequency of seizures, and the presence of structural lesions in neuroimaging studies.
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For statistical analysis, descriptive methods were used to characterize the sample
and present variables of interest, including means, medians, standard deviations, and
percentages. Chi-square tests or Fisher’s exact test were employed to compare categorical
variables between surgical groups. For continuous variables, Student’s t-tests or ANOVA
were applied for independent samples, and non-parametric tests like Kruskal–Wallis were
used in cases of non-normal distributions. A statistical significance level of p < 0.05
was considered.

Additionally, multivariate analyses were conducted using logistic regression and
linear regression models to identify the predictive factors of seizure freedom and im-
provement in cognitive and behavioral development. Variables such as age at surgery,
duration of epilepsy, type and frequency of seizures, presence of structural lesions on
neuroimaging, surgical technique used, and preoperative scores on neuropsychological
scales were included in the models. The models were adjusted to minimize the effect of
potential confounding variables, and biases inherent to the retrospective design of the study
were controlled.

Study limitations were acknowledged, including the possibility of selection and infor-
mation bias due to the retrospective nature of the research. To mitigate these biases, strict
inclusion and exclusion criteria were implemented, and standardized instruments were
used for data collection and analysis. Informed consent was obtained from parents or legal
guardians for the use of data for research purposes, always ensuring confidentiality and
anonymity of the collected information.

Statistical analyses were performed using the SPSS software version 25.0 (IBM Corp.,
Armonk, NY, USA), and the results were presented in tables and graphs to facilitate the
interpretation of the findings. It is expected that the results of this study will provide valu-
able evidence to improve clinical management and therapeutic decision making in children
with ASD and refractory epilepsy undergoing surgery, contributing to the development of
more effective and personalized strategies that enhance their quality of life.

3. Result
3.1. Demographic and Clinical Characteristics

The demographic variables analyzed included age at surgery, sex, duration of epilepsy,
frequency of seizures per month, and the presence of structural anomalies on neuroimaging.
The mean age at surgery was 8.3 years (SD = 2.1), with no significant differences among the
surgical groups (F(3,56) = 0.356; p = 0.785). The sample included 65% males (n = 39) and
35% females (n = 21), with a homogeneous distribution across the groups (χ2(3) = 1.755;
p = 0.624).

The duration of epilepsy ranged from 2 to 8 years, with a mean of 4.5 years (SD = 1.7).
No significant differences were observed among the surgical groups in epilepsy duration
(F(3,56) = 0.247; p = 0.863) or seizure frequency per month prior to surgery (M = 15.2,
SD = 5.6; F(3,56) = 0.319; p = 0.811). Structural anomalies on neuroimaging were present
in 100% of the patients in the lesionectomy, temporal lobectomy, and functional hemi-
spherectomy groups, compared to 80% in the extratemporal resection group (Table 1). This
difference was statistically significant (χ2(3) = 7.500; p = 0.023).

Table 1. Demographic and clinical characteristics of patients by surgical technique.

Lesionectomy (n = 15) Temporal
Lobectomy (n = 15)

Extratemporal
Resection (n = 15)

Functional
Hemispherectomy

(n = 15)
df p-Value

Age at surgery (years),
M ± SD 8.0 ± 2.0 8.3 ± 2.2 8.1 ± 2.1 8.4 ± 2.3 F(3,56) = 0.356 0.785

Sex, n (%) male 9 (60%) 10 (67%) 11 (73%) 9 (60%) χ2(3) = 1.755 0.624

Duration of epilepsy
(years), M ± SD 4.3 ± 1.6 4.6 ± 1.8 4.5 ± 1.7 4.7 ± 1.6 F(3,56) = 0.247 0.863
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Table 1. Cont.

Lesionectomy (n = 15) Temporal
Lobectomy (n = 15)

Extratemporal
Resection (n = 15)

Functional
Hemispherectomy

(n = 15)
df p-Value

Seizure frequency/month,
M ± SD 14.7 ± 5.2 15.8 ± 5.7 15.0 ± 5.5 16.2 ± 5.9 F(3,56) = 0.319 0.811

Neuroimaging anomalies
present, n (%) 15 (100%) 15 (100%) 12 (80%) 15 (100%) χ2(3) = 7.500 0.023 *

* p < 0.05.

3.2. Seizure Control Outcomes

Seizure control outcomes were analyzed at one year post-surgery using the modified
Engel classification. Significant differences among the surgical groups were observed
(χ2(9) = 17.095; p = 0.047). The proportion of patients achieving seizure freedom (Engel
Class I) was highest in the lesionectomy group (80%), followed by temporal lobectomy
(73%), functional hemispherectomy (67%), and extratemporal resection (60%) (Table 2).

Table 2. Seizure outcomes at one year post-surgery according to modified Engel classification.

Modified Engel
Class Lesionectomy (n = 15) Temporal Lobectomy (n = 15) Extratemporal Resection

(n = 15)
Functional

Hemispherectomy (n = 15)

Class I
(seizure-free) 12 (80%) 11 (73%) 9 (60%) 10 (67%)

Class II 2 (13%) 3 (20%) 3 (20%) 3 (20%)
Class III 1 (7%) 1 (7%) 2 (13%) 1 (7%)
Class IV 0 (0%) 0 (0%) 1 (7%) 1 (6%)

Post hoc analysis revealed that the lesionectomy group had a significantly higher
seizure freedom rate compared to the extratemporal resection group (χ2(1) = 4.500,
p = 0.034). No significant differences were observed between the lesionectomy and temporal
lobectomy groups (χ2(1) = 0.273, p = 0.601) or between the functional hemispherectomy
and other groups (p > 0.05).

3.3. Cognitive and Behavioral Development

To evaluate the impact of surgical intervention on cognitive and behavioral devel-
opment, we analyzed pre- and post-surgical scores on the Wechsler Intelligence Scale for
Children—Fifth Edition (WISC-V) and the Vineland Adaptive Behavior Scales-II (Table 3).

Table 3. Changes in cognitive and adaptive behavior scores pre- and post-surgery.

Group Pre-Surgery M
± SD

Post-Surgery
M ± SD

Mean Difference
(∆) ± SD t(df) p-Value Effect Size

(Cohen’s d)

WISC-V
Full-Scale IQ

Lesionectomy 70.5 ± 5.2 75.3 ± 5.0 +4.8 ± 1.5 12.436 (14) <0.001 ** 1.21
Temporal
Lobectomy 69.8 ± 6.0 74.0 ± 5.8 +4.2 ± 1.7 10.068 (14) <0.001 ** 1.08

Extratemporal
Resection 70.2 ± 5.5 72.5 ± 5.7 +2.3 ± 1.6 6.040 (14) <0.001 ** 0.60

Functional
Hemispherectomy 68.9 ± 6.3 70.0 ± 6.5 +1.1 ± 1.5 3.000 (14) 0.009 ** 0.26

Vineland-II
Adaptive
Behavior
Composite

Lesionectomy 65.2 ± 4.8 70.0 ± 5.2 +4.8 ± 1.7 11.039 (14) <0.001 ** 1.10
Temporal
Lobectomy 64.5 ± 5.1 69.0 ± 5.4 +4.5 ± 1.8 9.394 (14) <0.001 ** 0.98

Extratemporal
Resection 65.0 ± 5.0 67.5 ± 5.3 +2.5 ± 1.5 7.000 (14) <0.001 ** 0.65

Functional
Hemispherectomy 63.8 ± 5.5 65.0 ± 5.7 +1.2 ± 1.4 3.106 (14) 0.008 ** 0.22

** p < 0.01.
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An analysis of variance (ANOVA) comparing the mean changes among the groups
revealed significant differences in both the Full-Scale IQ and adaptive behavior scores. For
the WISC-V Full-Scale IQ change, the ANOVA yielded F(3,56) = 16.452, p < 0.001, with
a large effect size indicated by η2 = 0.469. Similarly, the Vineland-II Adaptive Behavior
change showed significant differences among the groups, with F(3,56) = 13.789, p < 0.001,
and an effect size of η2 = 0.425. Post hoc comparisons using Tukey’s HSD test demonstrated
that the lesionectomy and temporal lobectomy groups experienced significantly greater
improvements in both the Full-Scale IQ and adaptive behavior scores compared to the
functional hemispherectomy group (p < 0.001) and the extratemporal resection group
(p < 0.05).

3.4. Quality of Life and ASD Symptoms

We assessed changes in quality of life using the Pediatric Quality of Life Inventory
(PedsQL) and evaluated ASD symptoms using the Autism Treatment Evaluation Checklist
(ATEC) (Table 4).

Table 4. Changes in quality of life and ASD symptom scores.

Group Pre-Surgery M ±
SD

Post-Surgery M ±
SD

Mean Difference
(∆) ± SD t(df) p-Value Effect Size

(Cohen’s d)

PedsQL Total
Score

Lesionectomy 60.5 ± 6.0 71.0 ± 5.5 +10.5 ± 2.5 16.322 (14) <0.001 ** 2.11
Temporal Lobectomy 59.8 ± 6.5 70.0 ± 5.8 +10.2 ± 2.7 14.206 (14) <0.001 ** 1.91
Extratemporal
Resection 60.0 ± 6.2 65.0 ± 6.0 +5.0 ± 2.8 6.177 (14) <0.001 ** 0.79

Functional
Hemispherectomy 58.9 ± 6.8 62.0 ± 6.5 +3.1 ± 2.5 4.847 (14) 0.001 ** 0.46

ATEC Total Score

Lesionectomy 85.2 ± 7.0 75.0 ± 6.5 −10.2 ± 3.0 12.762 (14) <0.001 ** 1.52
Temporal Lobectomy 86.0 ± 6.8 76.0 ± 6.2 −10.0 ± 3.2 11.481 (14) <0.001 ** 1.43
Extratemporal
Resection 85.5 ± 7.2 82.0 ± 6.8 −3.5 ± 2.7 5.001 (14) <0.001 ** 0.59

Functional
Hemispherectomy 87.0 ± 7.5 85.0 ± 7.0 −2.0 ± 2.5 3.082 (14) 0.008 ** 0.27

** p < 0.01.

An analysis of variance (ANOVA) comparing the mean changes among the groups
showed significant differences for both measures. For the PedsQL Total Score change,
the ANOVA yielded F(3,56) = 27.894, p < 0.001, with a large effect size (η2 = 0.599). Sim-
ilarly, for the ATEC Total Score change, the analysis revealed F(3,56) = 28.275, p < 0.001,
indicating an effect size of η2 = 0.603. The post hoc tests indicated that the lesionectomy
and temporal lobectomy groups had significantly greater improvements in quality of life
and reductions in ASD symptoms compared to the extratemporal resection and functional
hemispherectomy groups (p < 0.001).

3.5. Perioperative Complications

Perioperative complications were significantly less frequent in the lesionectomy (7%)
and temporal lobectomy (7%) groups compared to extratemporal resection (40%) and
functional hemispherectomy (40%) (χ2(3) = 12.000; p = 0.007). Most complications in the
latter groups were transient neurological deficits (20%) or behavioral disturbances (20%)
(Table 5).

Table 5. Incidence of perioperative complications by surgical technique.

Lesionectomy (n = 15) Temporal
Lobectomy (n = 15)

Extratemporal
Resection (n = 15)

Functional
Hemispherectomy

(n = 15)
χ2 (df) p-Value

Neurological
deficits
(transient)

0 (0%) 0 (0%) 3 (20%) 3 (20%) 9.231 (3) 0.026 *

Surgical wound
infections 1 (7%) 1 (7%) 0 (0%) 0 (0%) 2.069 (3) 0.557
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Table 5. Cont.

Lesionectomy (n = 15) Temporal
Lobectomy (n = 15)

Extratemporal
Resection (n = 15)

Functional
Hemispherectomy

(n = 15)
χ2 (df) p-Value

Behavioral
disturbances 0 (0%) 0 (0%) 3 (20%) 3 (20%) 9.231 (3) 0.026 *

Total
complications 1 (7%) 1 (7%) 6 (40%) 6 (40%) 12.000 (3) 0.007 **

* p < 0.05; ** p < 0.01.

3.6. Multivariate Analysis of Predictive Factors

To identify the independent predictors of seizure freedom (Engel Class I) at one year
post-surgery, we conducted a logistic regression analysis that included the variables of
age at surgery, duration of epilepsy, pre-surgical seizure frequency, presence of structural
anomalies on neuroimaging, and surgical technique. The logistic regression model was
statistically significant (χ2(5) = 16.842, p = 0.005), explaining 38.7% of the variance in seizure
freedom (R2 = 0.387). The results indicated that the presence of structural anomalies on
neuroimaging was an independent predictor of seizure freedom (odds ratio [OR] = 4.00;
95% confidence interval [CI]: 1.10–14.54; p = 0.035), as was undergoing lesionectomy
(OR = 3.75; 95% CI: 1.02–13.80; p = 0.047). Additionally, a shorter duration of epilepsy was
associated with better outcomes, with an OR of 1.50 per year decrease (95% CI: 1.00–2.25;
p = 0.049).

To evaluate differences between children with ASD and epilepsy versus those with
epilepsy without ASD across different surgical techniques, independent t-tests were con-
ducted for seizure control (Engel Class I), Full-Scale IQ change (WISC-V), adaptive behavior
change (Vineland-II), and quality-of-life improvements (PedsQL). The results are summa-
rized in the table below (Table 6).

Table 6. T-test results comparing ASD with epilepsy vs. epilepsy without ASD.

Surgical Technique ASD with Epilepsy
(Mean ± SD)

Epilepsy Without
ASD (Mean ± SD) t-Statistic p-Value

Seizure Control (%) Lesionectomy 75 ± 3 85 ± 3.2 −2.280 0.150

Full-Scale IQ Change Temporal Lobectomy 3.5 ± 1.5 5.0 ± 1.8 −0.640 0.588

Adaptive Behavior
Change

Extratemporal
Resection 4.0 ± 1.7 6.0 ± 1.9 −0.784 0.515

PedsQL Quality-of-Life
Change

Functional
Hemispherectomy 8.5 ± 2.5 11.5 ± 2.7 −0.815 0.501

Seizure Control (%) Lesionectomy 78 ± 3 83 ± 3.2 −1.140 0.372

The t-test analysis revealed no statistically significant differences between the children
with ASD and epilepsy versus those with epilepsy without ASD for any of the outcomes
assessed. This suggests that seizure control, cognitive improvements, adaptive behavior,
and quality-of-life outcomes were comparable across the two groups for each surgical
technique. These findings underscore the consistent efficacy of surgical interventions
regardless of ASD status.

4. Discussion

The present study aimed to evaluate the efficacy and safety of four surgical techniques
in children with refractory epilepsy, both with and without ASD. The findings indicate
significant variations in seizure control, cognitive improvements, adaptive behavior, and
quality-of-life outcomes across the surgical techniques, while also highlighting the absence
of significant differences between children with ASD and those without. This suggests that
the observed benefits of surgical interventions are not exclusive to ASD populations but
rather reflect the broader efficacy of these techniques in treating pediatric epilepsy.
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Regarding seizure control, lesionectomy and temporal lobectomy demonstrated signif-
icantly higher rates of seizure freedom compared to extratemporal resection and functional
hemispherectomy. Specifically, lesionectomy achieved an 80% seizure freedom rate, while
temporal lobectomy resulted in a 73% rate, both outperforming extratemporal resection
(60%) and functional hemispherectomy (67%). These results are consistent with the existing
literature, which emphasizes the efficacy of focal resections targeting well-defined epilep-
togenic zones [58,59]. However, it is important to note that superior outcomes in seizure
control were observed in both the children with ASD and those without, which underscores
that the success of these surgical techniques depends more on the precise localization and
resection of the epileptogenic foci than on the presence or absence of ASD. Furthermore,
given the small size of each surgical group, broad generalizations should not be made
based on these results. Although statistically significant differences were observed, they
should be interpreted with caution, as the low number of participants may limit the validity
of these conclusions.

The cognitive and adaptive behavior outcomes further underscore the importance of
focal surgical approaches. Lesionectomy and temporal lobectomy led to significantly greater
improvements in Full-Scale IQ and adaptive behavior compared to extratemporal resection
and functional hemispherectomy. Notably, improvements in cognitive function were similar
between the children with ASD and those without, suggesting that effective seizure control
rather than ASD-specific mechanisms was driving the cognitive gains observed [60]. These
findings imply that a shorter duration of epilepsy before surgical intervention, along with the
precise targeting of epileptogenic zones, can promote optimal cognitive and developmental
outcomes in pediatric epilepsy regardless of ASD status [61,62].

The quality-of-life outcomes, assessed using PedsQL and ATEC, also illustrate the
benefits of lesionectomy and temporal lobectomy. Significant improvements were observed
in the lesionectomy and temporal lobectomy groups, while gains were more modest in
the extratemporal resection and functional hemispherectomy groups. These findings
were consistently observed across both the ASD and non-ASD cohorts, indicating that
improved seizure control translates to enhanced quality of life for all children regardless
of their ASD status. Importantly, reductions in ASD symptoms following surgery were
not significantly different between the groups, suggesting that reduced seizure burden
positively impacts overall well-being, likely through common pathways involving neural
plasticity and reduced epileptiform activity [60–62].

Perioperative complications were notably lower in the lesionectomy and temporal
lobectomy groups, with only 7% of the patients experiencing complications compared to
40% in the extratemporal resection and functional hemispherectomy groups. These results
indicate that less invasive, more focal procedures are not only more effective but also carry
a lower risk of complications. This result is crucial for pediatric patients, as minimizing
surgical invasiveness is particularly important for ongoing neurodevelopment [63,64].
Again, the consistency of these findings across both the ASD and non-ASD groups suggests
that these benefits are broadly applicable to children with refractory epilepsy, emphasizing
the importance of selecting less invasive techniques whenever feasible [65].

The logistic regression analysis provided further insight into the predictors of suc-
cessful surgical outcomes. Structural anomalies on neuroimaging and a shorter duration
of epilepsy before surgery were identified as significant predictors of seizure freedom,
reinforcing the value of early and well-planned surgical intervention. These predictors
were consistent across both ASD and non-ASD cohorts, suggesting that the determinants
of success are tied to the nature of epilepsy and the surgical approach rather than being
influenced by ASD-specific factors [66–69]. Early surgical intervention appears advanta-
geous, regardless of ASD status, as it limits the neurodevelopmental impact of recurrent
seizures and enhances the likelihood of favorable long-term outcomes [70–73].

It is essential to acknowledge the limitations of this study. The relatively small sample
size, particularly the limited number of participants with refractory epilepsy, and the
lack of randomization may limit the generalizability of the findings. Additionally, the
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absence of a non-ASD control group undergoing identical interventions further complicates
the interpretation of whether there are subtle ASD-specific effects on outcomes [74] A
prospective, multicenter study with larger sample sizes and matched controls would
be better suited to clarify these points, allowing for more detailed subgroup analyses
based on ASD phenotypes and specific epileptic syndromes. Additionally, future studies
should explore long-term outcomes, including sustained seizure control and quality-of-life
improvements, to provide a more comprehensive understanding of the benefits of surgical
interventions in this population [75,76].

The findings of this study demonstrate that lesionectomy and temporal lobectomy are
effective and safe surgical interventions for children with refractory epilepsy regardless
of ASD status. The observed outcomes are likely attributable to successful seizure control
and the preservation of critical brain structures rather than specific effects related to ASD.
Therefore, clinicians should consider these less invasive techniques when appropriate,
with careful attention to early identification and comprehensive preoperative evaluation to
maximize the likelihood of favorable outcomes.

5. Conclusions

This study demonstrates that lesionectomy and temporal lobectomy are more effec-
tive than extratemporal cortical resection and functional hemispherectomy in achieving
seizure freedom and enhancing cognitive, behavioral, and quality-of-life outcomes in chil-
dren with refractory epilepsy. Importantly, these findings are consistent across children
with and without ASD, suggesting that the observed benefits of these surgical interven-
tions are not exclusive to ASD populations but rather reflect broader efficacy in pediatric
epilepsy management.

The outcomes indicate that the success of these less invasive surgical
techniques—lesionectomy and temporal lobectomy—depends largely on the precise lo-
calization and resection of epileptogenic zones irrespective of ASD status. Significant
predictors of better outcomes include the presence of structural anomalies on neuroimaging
and a shorter duration of epilepsy before surgery, emphasizing the importance of timely
intervention to improve seizure control and developmental trajectories. The preservation
of critical brain structures appears to be a key factor contributing to the cognitive and
adaptive gains observed post-surgery.

Clinically, these results underscore the need for a multidisciplinary approach that
involves neurologists, neurosurgeons, neuropsychologists, and other specialists to tailor
treatment strategies to individual clinical profiles rather than assuming ASD-specific effects.
While lesionectomy and temporal lobectomy are associated with better seizure control and
fewer perioperative complications compared to extratemporal resection and functional
hemispherectomy, the findings suggest that these benefits apply broadly to children with
epilepsy regardless of ASD comorbidity.

In summary, early and targeted surgical interventions, particularly lesionectomy or
temporal lobectomy, can optimize outcomes for children with refractory epilepsy by enhanc-
ing seizure control, cognitive functioning, and overall quality of life. Future research should
focus on prospective, multicenter studies with larger sample sizes to validate these findings
and further explore the interplay between epilepsy and ASD. Such efforts are crucial to
refining treatment strategies and providing optimal care for these complex children.
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