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seizures after receiving two or more antiepileptic medi-
cations, a condition known as drug-resistant epilepsy 
(DRE) [2]. For children with DRE, not only is the mortal-
ity rate significantly high, but it also profoundly impacts 
their quality of life [3]. A pronounced correlation exists 
between the frequency of seizures and the levels of anxi-
ety or depression. Patients with DRE often experience 
increased anxiety or depression, and conversely, elevated 
anxiety and depression can worsen seizure frequency and 
intensity. The prevalence of psychiatric disorders among 
individuals with epilepsy is tenfold higher than that in the 
general population [4].

In recent years, despite the continuous introduction 
of new medications, the treatment status of DRE has 
seen little significant improvement compared to the past 

Introduction
Epilepsy is a prevalent chronic neurological disorder 
characterized by recurrent, episodic, and transient neu-
rological dysfunctions resulting from excessive neuro-
nal discharges [1]. Most people with epilepsy are able to 
achieve seizure freedom through regular intake of antisei-
zure medications (ASMs). However, approximately one-
third of pediatric patients still experience uncontrollable 
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Abstract
Background To analyze the etiological distribution characteristics of drug-resistant epilepsy (DRE) in children, with 
the aim of providing valuable perspectives to enhance clinical practice.

Methods In this retrospective study, clinical data were collected on 167 children with DRE who were 
hospitalized between January 2020 and December 2022, including gender, age of onset, seizure types, video 
electroencephalogram(VEEG) recordings, neuroimaging, and genetic testing results. Based on the etiology of 
epilepsy, the enrolled children were categorized into different groups. The rank-sum test was conducted to compare 
the age of onset for different etiologies.

Results Of the 167 cases, 89 (53.3%) had a clear etiology. Among them, structural factors account for 23.4%, genetic 
factors for 19.2%, multiple factors for 7.2%, and immunological factors for 3.6%. The age of onset was significantly 
earlier in children with genetic causes than those with structural (P < 0.001) or immunological (P = 0.001) causes.

Conclusions More than half of children with DRE have a distinct underlying cause, predominantly attributed to 
structural factors, followed by genetic factors. Genetic etiology primarily manifests at an early age, especially among 
children aged less than one year. This underscores the need for proactive enhancements in genetic testing to unveil 
the underlying causes and subsequently guide treatment protocols.
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two decades [5]. According to reports [6–8], some non-
pharmacological therapies (such as epilepsy surgery, 
ketogenic diet, and neurostimulation techniques ) have 
reduced seizures for some DRE patients. However, due 
to the complexity of epileptic episodes, the heterogeneity 
of epilepsy syndromes and the presence of comorbidities, 
determining an appropriate treatment regimen for DRE 
remains challenging. Etiology, as a key prognostic factor, 
closely correlates with clinical phenotypes and can play 
a vital role in treatment decisions. In this study, we have 
attempted to summarize the clinical features and etio-
logical distribution of children with DRE. Additionally, 
we have conducted a comparative examination of the age 
of onset related to different etiological factors, aiming to 
provide clinical guidance.

Methods
Study population
This study included children admitted to the Neurology 
Department of Hebei Children’s Hospital from January 
2020 to December 2022, meeting the diagnostic criteria 
for DRE as proposed by International League against Epi-
lepsy (ILAE) [9]. The exclusion criteria are as follows: (1) 
Pseudo-refractory epileptic events caused by medically 
induced epilepsy resulting from irrational medication 
usage, inadequate adherence to prescribed treatment by 
both the guardian and child; (2) Individuals with underly-
ing conditions such as congenital heart disease or blood 
disorders; (3)

Individuals with incomplete clinical data. This study 
has been approved by the Ethics committee of Children’s 
Hospital Affiliated to Hebei Medical University (202,103). 
All guardians/parents gave written informed consent in 
accordance with the Helsinki Declaration of 1975.

In accordance with the diagnostic criteria for DRE pro-
posed by ILAE in 2010 [9], seizure-free duration does not 
exceed three times the pre-treatment maximum seizure 
interval or one year (whichever is longer) after rational 
selection and correct use of at least two well-tolerated 
antiepileptic drugs alone or in combination, depending 
on the type of seizure.

The definition and classification of epilepsy syndromes 
adhere to the 2022 ILAE position paper [10]. It refers to 
a group of epileptic disorders characterized by distinc-
tive clinical and electroencephalographic phenotypes, 
typically associated with specific etiologies (structural, 
genetic, metabolic, immunological, and infectious 
causes). Based on the age of onset, it is categorized into 
neonatal and infantile onset, childhood onset, onset at 
any age, and idiopathic generalized epilepsy. According to 
the seizure types and classification of epilepsy established 
by ILAE in 2017, seizure types are categorized into focal 
seizures, generalized seizures, and seizures of unknown 
origin [11]. The seizure types of enrolled children are 

assessed by specialized pediatric neurologists based on 
descriptions provided by guardians or video recordings, 
in conjunction with video electroencephalogram results.

Data collection and grouping
Data on DRE, including gender, age of onset, seizure 
types, medication categories, VEEG recordings, neuro-
imaging findings, genetic test findings, blood and urine 
genetic metabolic screening and neuroimmunological 
analyses were collected.

Peripheral blood samples were collected from both 
patients and their family members to extract DNA. 
Whole-exome sequencing was employed for gene vari-
ant screening, followed by Sanger sequencing to verify 
suspected pathogenic variants and their origins. Some 
children underwent chromosomal karyotyping, copy 
number variation detection(CNV), and mitochondrial 
gene testing. The pathogenicity of genetic variants was 
assessed according to the classification standards estab-
lished by the American College of Medical Genetics and 
Genomics (ACMG) [12].

All the enrolled children regularly completed the 
15-hour night VEEG examination at Hebei Children’s 
Hospital, and the results were evaluated by professional 
brain electrophysiology experts. 3.0T cranial MRI is 
employed to evaluate the presence of epilepsy-related 
structural abnormalities in the children. The imaging 
results undergo joint evaluation by radiology and neurol-
ogy experts.

Based on the age of seizure onset, these patients have 
been categorized into groups of < 1 year, 1–3 years, 3–6 
years, and ≥ 6 years. According to the 2017 ILAE classi-
fication of epilepsy etiology [13], they have been divided 
into structural, genetic, metabolic, infectious, immuno-
logical, and unknown etiology groups. If a patient has 
two or more etiologies, such as genetic and structural 
causes, it is classified as having multiple etiologies.

Statistical analysis
The data were analyzed using SPSS26.0 statistical soft-
ware. Non-normally distributed measurements were pre-
sented as median (interquartile range) [M(Q1, Q3)], and 
comparisons between groups were conducted using the 
rank-sum test. Count data were reported as the number 
of cases and percentage (%). Statistical significance was 
defined as P < 0.05.

Results
Characteristics of the study population
The study included 167 children with DRE, 100 of them 
were males (59.9%), the median age of onset was 3 (0.5, 5) 
years and the median number of antiepileptic drugs used 
was 3 (2, 4). With regard to the age of onset, there were 
56 instances observed in children younger than one year, 
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26 cases occurring between the ages of 1 to 3 years, 49 
cases between 3 and 6 years, and 36 cases among those 
aged six years or older. 60 cases (35.9%) were diagnosed 
with epileptic syndromes or epileptic encephalopathies, 
while 107 cases (64.1%) were diagnosed with non-syn-
dromic epilepsies. A comprehensive exposition of the 
specific clinical manifestations can be found in Table 1.

Results of genetic testing
A total of 95 children (56.9%) underwent genetic assess-
ment. Among them, 44 children (46.3%) exhibited abnor-
mal results from the genetic analysis, with 12 cases 
showing combined structural or metabolic abnormali-
ties classified as multiple etiologies. In sum, there were 
30 gene mutations identified, including 29 single-gene 
mutations and one chromosomal abnormality. These 
mutated genes were categorized based on the functions 
of the encoded proteins, as detailed in Table 2. It is note-
worthy that genes associated with the ion channel class 
constituted a substantial portion of the cases, amounting 
to 52.3% (Fig. 1).

Etiological distribution and correlation with age of onset of 
epilepsy
89 children (53.3%) had a definite etiology. Among them, 
39 (23.4%) were attributed to a structural etiology, 32 
(19.2%) were ascribed to a genetic etiology, 12 (7.2%) 
manifested multiple etiological factors, and 6 (3.6%) were 
associated with an immunological etiology (Fig. 2A). The 
distribution of causes varies across different age groups, 
with the highest proportion of genetic causes observed in 
infants under one year old. Conversely, structural causes 
constitute the largest proportion among individuals aged 
six years or older.(Fig. 2B). A significant distinction was 
evident in the age of onset among the diverse etiologi-
cal categories (P < 0.001) (Table  3). Upon further com-
parative analysis, it was established that genetic etiologies 
presented with an earlier age of onset in comparison to 
both structural etiologies (H=-28.429, P < 0.001) and 
immunological etiologies (H = 43.333, P = 0.001).

Specific etiology and clinical manifestations
Structural etiology included congenital structural 
anomalies in 14 cases (35.9%) and acquired structural 
abnormalities in 25 cases (64.1%) (Table  4). The clinical 
manifestations comprised IESS in 4 cases, SeLECTS in 2 
cases, FIRE in 1 case, unclassified epileptic encephalopa-
thy in 4 cases, and non-syndromic cases in 28 instances 
(comprising focal seizures in 16 cases, generalized sei-
zures in 1 case, absence of concentration seizures in 1 
case, and multiple seizure types in 10 cases).

The assemblage of 32 cases with genetic etiology 
encompassed 20 solitary gene mutations, comprised of 9 
SCN1A, 2 KCNQ2, and one each of eight other distinct 

Table 1 Clinical manifestations of DRE
Clinical manifestations Patients, 

No.(%)
Epilepsy syndromes 60 (35.9)
Epilepsy syndromes with onset in neonates and infants 36 (60)
 Infantile epileptic spasm syndrome (IESS) 14
 Dravet syndromes 6
 Etiology specific epileptic encephalopathy 4
 Early-infantile DEE (EIDEE) 2
 Lennox-Gastaut syndrome 1
 Hard to classification of epilepsy syndrome 9
epilepsy syndromes with onset in childhood 24 (40)
 Developmental and/or epileptic encephalopathies (DEEs) 17
   Lennox-Gastaut syndrome 4
   Febrile infection-related epilepsy syndrome,FIRES 2
   Hemiconvulsion–hemiplegia–epilepsy syndrome, HHE 1
   Hard to classification of epilepsy syndrome 10
 Self-limited focal epilepsies (SeLFEs) 7
Others 107 (64.1)
Focal seizures 53 (49.5)
Generalized seizures 16(14.9)
 Generalized tonic-clonic seizure,GTCS 11
 Absence seizures 3
 Clonic seizures 1
 Myoclonic seizures 1
Multiple seizure types 40(37.3)

Table 2 The gene codes for protein function
Code for protein 
function

Functional 
subclassification

Gene related to 
epilepsy(OMIM )

Ion channel Voltage-gated sodium chan-
nel (Nav)

SCN1A, SCN2A, 
SCN8A

Voltage-gated potassium 
channel (Kv)

KCNQ2, KCNT1, 
KCNB1

Voltage-Gated Calcium 
Channel (Cav)

CACNA1A, 
CACNA1E

Voltage-Gated chloride 
Channel (CIC)

CLCN4

Ligand-gated ion channel 
GABA receptors

GABRA1

Ligand-gated ion channels 
glutamate receptors

GRIN2B

Enzyme regulators CDKL5, CHD2, OTC, 
PAH, PCK1, PIGA

Cellular metabo-
lism and Signal

FGF12, DEPDC5, 
TSC1, TSC2

Cell adhesion 
molecule (CAM)

L1CAM, PCDH19

Nucleic acid 
binding protein 
(NABPS)

SMC1A

Mitochondrial 
gene

DNM1L, MT-TL1, 
POLG

Chromosomal 
abnormality

Chromosomal 18q 
deletion syndrome

Unknown RANBP2, STAMBP
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single gene mutations. Furthermore, one case featured a 
chromosomal abnormality in the form of the 18q dele-
tion syndrome. 53% (17/32) manifested as epileptic 
syndromes. Among them, 5 cases of Dravet syndrome 
patients manifested SCN1A gene variations. The 8 cases 
of DEES showed variations in FGF12, SCN8A, KCNQ2, 
KCNB1, CACNA1A, CDKL5, CHD2, and STAMBP. In 3 
cases of IESS, associations with SCN1A, CACNA1E, and 
PHGDH variations were observed, while 1 case of EIDEE 

Table 3 The rank sum test was used to compare the onset age 
of different causes
Etiology Structural Genetic Multiple Immune
Age of 
onset(year)
M(Q1, Q3)

3(0.67, 6)* 0.46(0.19, 
0.96)

1.29(0.5, 3) 4.5(3.79, 
6.25)*

H 26.741
P < 0.001
Note: *Compared to the genetic group, P<0.05

Fig. 2 A, Etiological distribution of DRE; B, The bar chart shows the differences in etiology distribution among age groups

 

Fig. 1 The proportion of different functional genes
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was marked by a GABRA1 variation. Furthermore, 47% 
manifests as non-epileptic syndrome.This encompasses 
9 cases of focal epileptic seizures, 3 instances of gener-
alized seizures, and 3 occurrences of multiple seizure 
types. Among these non-epileptic syndromes, 3 cases are 
marked by SCN1A mutations, while the remaining 12 
exhibit a singular gene mutation each.

Six children of immunological etiology exhibited psy-
cho-behavioral alterations, including fear and the use of 
indecent language during disease onset. Among them, 
one case was diagnosed with NMDAR receptor enceph-
alitis, and another case was confirmed as Rasmussen’s 
encephalitis. Two cases displayed elevated cerebrospinal 
fluid white cell counts and immunoglobulin levels, indi-
cating an immune response within the central nervous 
system. In one patient, cerebrospinal fluid antibody test-
ing targeting IgG oligoclonal bands was positive, while 
the remaining case showed no abnormalities in routine 
cerebrospinal fluid analysis, biochemistry, or neuro-
nal antibodies. Following immunotherapy, the psycho-
behavioral symptoms in these children demonstrated 
marked improvement, yet persistent epileptic seizures 
persisted, with suboptimal response to antiepileptic drug 
therapy. The clinical phenotypes were characterized by 
focal seizures in 3 instances and focal secondary general-
ized seizures in others.

In 8 out of the 12 multifactorial cases, both genetic and 
structural factors were in play. Among these, 4 cases fea-
tured mutations in the TSC gene, which were consistent 
with manifestations of tuberous sclerosis on cranial MRI. 
Additionally, 1 case each of KCNT1, CACNA1A, PCK1, 
and OTC variants manifested unilateral floppy foci, cere-
bral atrophy, or hippocampal sclerosis on cranial MRI. In 
4 cases, both genetic and metabolic factors converged, 
comprising 2 cases of mitochondrial encephalomyopathy 

(POLG and MT-TL1 variants, respectively), 1 case with 
a DNM1L gene variant with clinical manifestations of 
mitochondrial peroxisome cleavage-deficient lethal 
encephalopathy type I(OMIM#614,388), and 1 case 
with a PAH gene variant and clinical manifestations of 
phenylketonuria with seizures. The clinical phenotypes 
encompassed LGS in 1 case, Dravet in 1 case, epileptic 
encephalopathy that defied classification in 2 cases, and 
non-syndromic in 10 cases, including focal seizures in 4 
cases, generalized seizures in 2 cases, and multiple sei-
zure types in 2 cases.

Discussion
This study summarized the etiological distribution char-
acteristics and corresponding clinical manifestations 
of 167 children with DRE, establishing a foundation for 
the precise diagnosis and treatment of pediatric DRE. 
53.3% exhibited identifiable causes, predominantly struc-
tural, followed by genetic causes, with a minority having 
immunological or multifactorial etiologies. Onset ages 
varied among different causes, with genetic causes mani-
festing earlier than structural and immunological ones. 
Regarding clinical presentations, 60 cases displayed a 
specific epileptic syndrome, among which 36 cases (60%) 
had onset in the neonatal and infantile period. In the 107 
cases of non-syndromic epileptic syndromes, 53 cases 
(49.5%) were characterized by focal epileptic seizures, 
and 40 cases (37.3%) presented with diverse seizure 
types.

The pathogenesis of DRE remains somewhat elusive to 
date. However, numerous studies have proposed several 
primary hypotheses through in vivo or in vitro experi-
ments, including the drug transporter hypothesis, neu-
ral network hypothesis, drug target hypothesis, genetic 
mutation hypothesis, disease severity hypothesis, and 
pharmacokinetic hypothesis. Yet, these hypotheses have 
inherent limitations and areas where they overlap [14]. 
Presently, the role of neuroinflammation in the patho-
genesis of DRE is gradually being elucidated. Neuro-
inflammation can result in compromised blood-brain 
barrier, neuronal loss, and excessive neuronal excitation, 
not only triggering epileptic seizures but also correlat-
ing with the occurrence of DRE [15]. Recent research has 
demonstrated that neuroinflammation could potentially 
serve as a common underlying mechanism among vari-
ous hypotheses in DRE and might be a prospective target 
for its treatment [16]. Promising therapeutic effects and 
safety have been observed in DRE and status epilepticus 
with drugs targeting IL-1, IL-6, and CD20 [17]. How-
ever, clinical data on this front remains limited, warrant-
ing further research for validation.While the pathogenic 
mechanisms of DRE are still in the exploratory phase, the 
analysis of etiology can also offer instructive significance 
for therapeutic interventions.

Table 4 Distribution of structural causes
Acquired structural 
abnormalities(25,64.1%)

Congenital structural 
abnormality(14,35.9%)

Category Number(%) Category Number(%)
Hypoxic isch-
emic encepha-
lopathy or 
hypoglycemic 
brain damage

10(40.0%) MCD 4(28.6%)

Encephalitis 9(36.0%) Hippocampal 
abnormality

3(21.4%)

Trauma 2(8.0%) Strurge-Weber 2(14.3%)
Purulent 
meningitis

2(8.0%) Rasmussen encephalitis 1(7.1%)

Cerebral 
hemorrhage

1(4.0%) Systemic sclerosis 1(7.1%)

Unknown 1(4.0%) TSC 1(7.1%)
Unknown 2(14.3%)

Note: MCD, malformations of cortical development; TSC, Tuberous sclerosis 
complex
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Children with imaging abnormalities are more likely 
to develop DRE than children with normal imaging [18]. 
Malformations of Cortical Development (MCD) con-
stitute the principal congenital structural anomalies. 
Acquiring structural cerebral abnormalities, primarily 
due to hypoxic-ischemic encephalopathy or hypogly-
cemia brain damage, is a major etiological factor in the 
onset of DRE during infancy [19]. Subsequently, residual 
foci of cerebral softening and glial proliferation follow-
ing encephalitis represent another notable contributing 
factor. It has been documented that approximately 10% 
of pediatric encephalitis patients progress to DRE, with 
the herpes simplex virus (3/9, 33%) and unidentified 
(8/40, 20%) forms of encephalitis accounting for relatively 
common causative agents [20]. For children with struc-
tural lesions, it is imperative to embark on an early sur-
gical evaluation, unhampered by considerations of age, 
coexisting medical conditions, or the type of seizures 
[18]. There exists compelling evidence supporting the 
supremacy of surgical intervention over pharmaceuti-
cal approaches in the treatment of DRE in children [8]. 
In cases where epilepsy is precipitated by a well-defined 
lesion within the nonverbal cortex, the contemplation 
of preoperative evaluation should be undertaken even 
before the onset of drug-resistant epilepsy [21].

The genetic etiology is closely linked to drug-resistant 
epilepsy, particularly in severe cases of DEES such as the 
majority of Dravet syndromes where resistance to medi-
cation is commonly observed [22]. Approximately 80% of 
Dravet syndrome cases are associated with SCN1A varia-
tion [23], which aligns with the findings of this study. 
Additionally, IESS patients are also commonly associated 
with genetic factors, and cognitive dysfunction and stag-
nation are among its clinical phenotypes [24]. Predomi-
nantly, genetic variations are attributed to ion channel 
genes, including but not limited to SCN1A and KCNQ2, 
echoing the observations of Liu et al [25, 26]. DRE related 
genes also include enzyme regulators,exemplified by 
CDKL5, elements of cellular metabolism and signal 
transduction, typified by FGF12, and cell adhesion mol-
ecules such as PCDH19. It is worth noting that in this 
study, a child with chromosome copy number variation 
was found to have 13.6  Mb deletion in the 18q22.1q23 
region, and its clinical manifestations included micro-
cephaly and comprehensive developmental disorder in 
addition to DRE [27]. Reportedly, copy number variation 
(CNV) constitutes approximately 10% of hereditary epi-
lepsy cases [28]. An international study has illuminated 
the transformative potential of a definitive genetic diag-
nosis in the realm of clinical management [29]. It has 
been unveiled that when clinical management was tai-
lored in response to genetic testing outcomes, approxi-
mately 64.7% of patients witnessed a reduction or even 
elimination of seizures.This underscores the profound 

influence of genetic testing on enhancing patient out-
comes among individuals grappling with epilepsy [29].

The significance of immunological factors in DRE 
should not be disregarded. In 2020, the ILAE introduced 
the term “autoimmune epilepsy” denoting the persistence 
of seizures despite appropriate immunotherapy without 
substantial evidence of inflammatory activity [30]. This 
condition can manifest in patients displaying high titers 
of GAD65 antibodies, tumor-related antibodies, and Ras-
mussen’s encephalitis. It also encompasses a small sub-
set of patients who continue to experience seizures even 
after the acute phase of autoimmune encephalitis has 
passed. Unlike acute symptomatic seizures secondary to 
autoimmune encephalitis, autoimmune-related epilepsy 
manifests as drug-resistant. Even after adequate immu-
notherapy for the primary condition and standardized 
anti-seizure treatment, seizures persist chronically and 
long-term, proving challenging to control solely through 
medications. Research suggests that neuronal apopto-
sis induced by T cell cytotoxicity stands as the central 
pathological mechanism, potentially resulting in struc-
tural damage to the cerebral hemisphere. The presence 
of antibodies might represent a consequential byproduct 
in this pathological process, hinting that comprehensive 
immunotherapy might not effectively diminish seizure 
frequency [31]. Therefore, clinicians are encouraged to 
consider timely immune-targeted therapy, symptomatic 
supportive treatment, and actively explore opportunities 
for surgical intervention to potentially enhance disease 
prognosis.

Within the scope of this study, twelve children exhib-
ited a dual etiology involving genetic factors along with 
structural or metabolic elements. These etiological fac-
tors may be either causally related or act independently. 
Among them, four cases presented with tuberous sclero-
sis (TSC) evident on MRI scans. Three cases were found 
to harbor variants in the TSC1 gene, while one case 
exhibited variants in the TSC2 gene. These gene variants 
are situated within the mTOR pathway and are known to 
trigger excessive activation of the mTOR pathway. This, 
in turn, disrupts normal cell proliferation and ultimately 
contributes to the development of malformed cerebral 
cortex, a condition closely associated with the onset of 
DRE [32]. Furthermore, three cases exhibited epilep-
tic seizures attributable to mitochondrial gene variants 
(POLG, MT-TL1, DNM1L), as documented in previous 
studies [33–35]. Mitochondria-associated epilepsy entails 
a multifaceted pathogenesis, giving rise to various sei-
zure types, predominantly drug-resistant, coupled with 
multisystem involvement and an unfavorable prognosis 
[36]. When faced with DRE of indeterminate etiology in 
a clinical setting, it is imperative to consider the potential 
involvement of mitochondrial diseases.
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In this study, 46.7% of cases had an undetermined etiol-
ogy, with 48.7% (38 out of 78) attributed to incomplete 
genetic testing, without excluding the presence of a cer-
tain proportion of genetic factors. For children with DRE 
where the cause is unclear or there is no surgical indi-
cation, alternative non-pharmacological therapies can 
be employed in anti-seizure treatment. Ketogenic Diet 
(KD), as a traditional non-pharmacological intervention, 
constitutes a dietary formula characterized by a high 
proportion of fats, low carbohydrates, and appropriate 
levels of proteins and other nutrients. By restricting the 
intake of dietary fiber carbohydrates, thereby emulating 
the metabolic state of the body under conditions of hun-
ger, it can effectively diminish the frequency and severity 
of epileptic seizures. KD is applicable to children across 
various age groups experiencing frequent seizures asso-
ciated with DRE and metabolic disorders such as Glu-
cose Transporter 1 Deficiency Syndrome (GLUT-1). The 
therapeutic outcomes demonstrate a reduction of seizure 
frequency by over 50% in 50–80% of refractory epilepsy 
cases, achieving complete seizure freedom in 10–20% of 
cases, and enhancing overall quality of life by improving 
cognition, behavior, and sleep quality [6]. Another rapidly 
advancing non-pharmacological therapy is neuromodu-
lation, primarily encompassing Vagus Nerve Stimulation 
(VNS), Responsive Neurostimulation (RNS), and Deep 
Brain Stimulation (DBS) [7]. Neuromodulation is appli-
cable to patients with poorly controlled epilepsy who are 
not suitable candidates for resective surgery. According 
to research findings [7], the average improvement rate 
of DRE with VNS therapy is approximately 34.7%. For 
DBS, there is an average reduction of 41% in seizure fre-
quency after one year. After five years post-surgery, 68% 
of patients experience at least a 50% reduction in seizure 
frequency, with 16% of patients achieving seizure-free 
periods exceeding six months [37]. Regarding RNS, it can 
completely control about 10–15% of refractory epilepsy 
seizures [38]. Therefore, it is considered that neuromodu-
lation stands as one of the effective therapeutic choices 
for DRE. However, each treatment modality possesses its 
unique advantages and limitations, requiring personal-
ized assessments before formulating a plan.

There are certain limitations in our study to acknowl-
edge: (1)This study is a single-center endeavor, charac-
terized by a relatively modest sample size, potentially 
introducing a degree of bias in the distribution of etio-
logical factors. (2)The retrospective nature of this study 
restricts its exploration of etiological factors to a cross-
sectional approach. It is thus advisable to embark on a 
prospective cohort study as the subsequent course of 
action, allowing for the monitoring of seizures in children 
with DRE following adjustments in their treatment regi-
mens in accordance with the identified etiology.

Conclusions
DRE in children has a complicated aetiology, predomi-
nantly characterized by structural and genetic factors. 
Onset ages vary among different causative factors. The 
early onset of genetic causes emphasizes the significance 
of genetic testing in children presenting with seizures at 
an early age. This study gives guidance for the etiology 
distribution of DRE in children as well as a foundation for 
treatment selection. Early improvement of the etiological 
examination and early diagnosis of DRE is not only con-
ducive to patients and their families accepting relevant 
knowledge and preparing for standardized long-term 
treatment, but it is also conducive to epilepsy specialists 
considering various treatment methods other than drug 
therapy to improve patients’ prognosis.
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