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Abstract:

Epilepsy is a chronic neurological disorder characterized by recurrent, unprovoked seizures due to abnormal
electrical activity in the brain. In children, it represents one of the most common long-term neurological
conditions. Epilepsy is one of the most common brain problems in children, and it happens most often in the
first year of life. Epilepsy is a common brain condition that happens in about 0.5-1% of children around the
world. Around 15% of patients do not achieve adequate seizure control with antiepileptic medications. These
individuals are potential candidates for surgical intervention, and the majority belong to the pediatric age
group (18 years or younger). Paediatric epilepsy surgery is a vital treatment option for children with drug-
resistant epilepsy, offering the potential for seizure freedom and improved developmental outcomes. About
5 in every 1,000 children are affected by epilepsy in any given year. Each year, an average of 5 to 7 new
cases occur per 10,000 children between the ages of one and fifteen. Risk factors linked to the onset of
seizures in children include premature birth, neurological comorbidities, a positive family history, fever,
infections, maternal alcohol use, pregnancy-related complications, and maternal smoking. Early detection
and proper classification of epilepsy are crucial for choosing the right treatment. The main approach is the
use of antiseizure medicines, but in difficult-to-control cases, dietary therapies, surgery, or brain stimulation
may also be considered. Advances in neuroimaging, electroencephalography, and molecular genetics have
significantly improved the understanding and classification of paediatric epilepsy syndromes.
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Introduction

Epilepsy continues to be a leading neurological
disorder on a global scale. Seizures are among the
leading reasons for referral to paediatric neurology
and constitute a significant contributor to
childhood morbidity. Epilepsy represents one of
the most prevalent neurological disorders in
childhood, with an estimated incidence of 4-8
cases per 1,000 children. Since the etiology of
epilepsy frequently cannot be established, the
diagnostic process depends on obtaining an
extensive patient history, reports from seizure
observers, EEG recordings, and neuroimaging
studies evaluating central nervous system function
and anatomy. A key manifestation of epilepsy is
the occurrence of epileptic seizures, which are
brief episodes of abnormal bioelectrical activity
within the brain’s nerve cells. In simplified terms,

seizures are classified as either generalized or
focal (partial), depending primarily on the brain
regions involved in the abnormal discharges. The
identification of an epileptic syndrome—defined
by the combination of seizure types,
electroencephalographic patterns, and
neuroimaging findings—represents the final step
in establishing a diagnosis. Epilepsy surgery in
children is an important therapeutic option for
those whose seizures are not adequately controlled
with antiepileptic drugs. Approximately 20-30%
of paediatric patients with epilepsy develop drug-
resistant forms of the disorder, leading to
significant impairment in cognitive, behavioural,
and psychosocial development. Close to 60% of
individuals with epilepsy are affected by focal
epilepsy syndromes. Among this group, around
15% continue to have seizures that do not respond
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to medication, making them suitable candidates
for surgical approaches. Drug-resistant epilepsy
(DRE), according to the International League
Against Epilepsy (ILAE), refers to the condition
where seizures persist despite appropriate trials of
two well-tolerated and correctly dosed anti-seizure
drugs. Globally, about 50 million individuals live
with epilepsy, and nearly one-third of them
continue to experience uncontrolled seizures even
with medication.

Risk Factors

Risk factors refer to conditions that increase the
likelihood of developing epilepsy, and these vary
between childhood-onset and late-onset epilepsy.
Commonly recognized factors include traumatic
brain injury, prenatal or birth-related trauma,
infections affecting the central nervous system,
developmental abnormalities, tumors, and
inherited predispositions. In many cases, epilepsy
can be traced back to genetic influences. Prenatal
exposures, such as maternal infections, alcohol
consumption, or fetal distress, further increase the
risk Genetic predisposition plays a major role, as
several childhood epilepsy syndromes are linked
to mutations in ion channel and neurotransmitter-
related  genes.  Perinatal and  neonatal
complications, such as hypoxic—ischemic
encephalopathy, low birth weight, prematurity, or
birth trauma, are also strongly associated with later
epilepsy. Infections of the central nervous system,
including meningitis, encephalitis, and
neurocysticercosis, are well-recognized
contributors, especially in regions where these
conditions are endemic. Even children whose birth
weight falls within the normal range are at
heightened risk for epilepsy due to intrauterine
growth restriction. In reality, women may suffer
hypoxia, which can increase the incidence of
epilepsy and interfere with the unborn brain's
normal growth. Head trauma, cord prolapse, and
extended labor (> 6 hr) were correlated with a
higher prevalence of epilepsy in newborns. In
terms of postnatal variables, low birth weight (less
than 2.5 kg), delivery difficulties, male young
children are more likely to develop epilepsy due to
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variations in astrocyte structure and brain
connection.

Etiology

Epilepsy in children is a heterogeneous disorder
with multiple possible causes. Understanding the
etiology is crucial for accurate diagnosis,
prognosis, and management. Broadly, etiologies
are classified into genetic, structural, metabolic,
infectious, immune, and unknown causes as per
the International League Against Epilepsy (ILAE)
classification.

1. Genetic Causes : Some epilepsy syndromes are
primarily genetic in origin, such as Dravet
syndrome, childhood absence epilepsy, and benign
familial neonatal seizures. Alterations in ion
channel-related genes like SCN1A, KCNQ?2, and
CHD2 have been associated with these conditions.
2. Structural Causes : Acquired injuries to the
brain, including hypoxic-ischemic damage around
birth, cerebrovascular events in the neonatal
period, or trauma to the head, are also significant
causes.

3. Metabolic Causes : Metabolic disorders present
from birth, such as pyridoxine-dependent epilepsy,
glucose transporter type 1 (GLUTI1) deficiency,
and various mitochondrial conditions, can be
responsible for epilepsy.

4. Infectious Causes : Infections affecting the
central nervous system, including meningitis,
encephalitis, neurocysticercosis, and congenital
infections from the TORCH group, are important
causes of epilepsy.

Pathophysiology

1.Neuronal hyperexcitability

Seizures result when the balance between
excitation and inhibition favours runaway
synchronous firing. Mechanisms include increased
glutamatergic transmission, reduced GABAergic
inhibition, alterations in intrinsic membrane
properties (e.g., persistent sodium currents),
impaired potassium buffering, and changes in
network connectivity that promote
hypersynchrony. These principles apply across
ages but interact with developmental stage.

2.Ion channelopathies and genetic causes
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A large and growing fraction of early-onset
epilepsies are attributable to single-gene defects
affecting ion channels (e.g., SCNI1A, KCNQ2,
CACNAI1A), synaptic proteins, or regulatory
molecules. Channel mutations can produce gain-
or loss-of-function effects that alter neuronal
firing, burst propensity, and seizure susceptibility.
Genetic architecture ranges from monogenic
epileptic encephalopathies to oligogenic and
complex inheritance; copy-number variants and de
novo mutations are common in severe infantile
epilepsies. Genetic diagnosis often explains
pathophysiology and guides therapy (e.g., sodium-
channel blockers contraindicated in SCNIA
Dravet).

3.Structural and developmental lesions

Cortical malformations (e.g., focal cortical
dysplasia, = hemimegalencephaly),  perinatal
hypoxic-ischemic injury, stroke, and traumatic
lesions disrupt normal cortical architecture,
produce aberrant excitatory circuits, and
frequently act as epileptogenic foci. In infants and
young children, insults during critical periods of
circuit formation can have disproportionately
strong epileptogenic effects.
4.Glia, inflammation, and
mechanisms

neuroimmune

Available at www.ijsred.com

Astrocytes and microglia influence extracellular
ion homeostasis, neurotransmitter clearance
(notably glutamate), and blood-brain barrier
function. Inflammatory cytokines, complement
activation, and autoantibodies can lower seizure
threshold, promote epileptogenesis, and contribute
to epileptic encephalopathies. In paediatrics,
infection-related and post-infectious inflammatory
mechanisms are particularly relevant.

5.Metabolic and mitochondrial dysfunction
Inherited metabolic disorders (e.g., inborn errors
of metabolism) and mitochondrial disease
frequently present with early-onset seizures.
Metabolic derangements (energy failure, lactate
accumulation, impaired ATP generation) impair
ionic pumps and synaptic transmission, facilitating
seizures. Some metabolic epilepsies have specific
treatments (dietary, cofactor therapy).

6.Network plasticity and epileptogenesis
Following an initial insult or ongoing seizures,
processes such as aberrant synaptogenesis, axonal
sprouting, loss of inhibitory interneurons, and
altered receptor expression can transform a
transiently hyperexcitable state into a chronic
epileptic network. In the developing brain these
processes can also impair cognitive and behavioral
development, contributing to the concept of
epileptic encephalopathy.
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Figure: Pathophysiology Of Paediatric Epilepsy
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Diagnosis

The diagnosis of paediatric epilepsy is a complex
and multifaceted process that requires integration
of clinical, neurophysiological, and neuroimaging
data. Accurate diagnosis is essential not only for
confirming the presence of epilepsy but also for
identifying the underlying aetiology and
determining the most appropriate management
strategy.

1. Clinical Evaluation

The diagnostic process begins with a thorough
clinical history and detailed description of seizure
events. Information regarding the onset age,
seizure frequency, duration, and precipitating
factors 1is crucial. Witness accounts or video
recordings of episodes often assist in
distinguishing epileptic seizures from non-
epileptic paroxysmal events such as syncope,
breath-holding spells, or movement disorders.
Developmental history, perinatal events, and
family history of epilepsy or neurological
disorders also provide important diagnostic clues.
2. Seizure Classification

Accurate classification of seizures and epilepsy
syndromes is fundamental for guiding treatment.
The International League Against Epilepsy (ILAE)
classifies seizures into focal, generalized, and
unknown onset categories, based on clinical
features and electroencephalographic findings. In
children, seizure types may evolve over time, and
age-specific epilepsy syndromes such as West
syndrome, Lennox—Gastaut syndrome, and
childhood absence epilepsy must be considered.
3. Electroencephalography (EEG)
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EEG remains the cornerstone of epilepsy
diagnosis. Interictal EEG helps detect epileptiform
discharges, such as spikes, sharp waves, or spike-
and-wave complexes, which provide evidence of
cortical hyperexcitability. Ictal EEG recordings,
when possible, confirm the epileptic nature of
events and localize seizure onset zones. Long-term
video EEG monitoring is particularly valuable in
differentiating epileptic from non-epileptic events
and in surgical evaluation.

4. Neuroimaging

Magnetic Resonance Imaging (MRI) is the
imaging modality of choice for detecting structural
brain abnormalities that may underlie epilepsy.
High-resolution MRI with epilepsy-specific
protocols can identify cortical dysplasias,
hippocampal sclerosis, tumors, and vascular
malformations. Functional imaging techniques—
such as positron emission tomography (PET),
single-photon emission computed tomography
(SPECT), and functional MRI—offer
complementary information by revealing areas of
altered metabolism or perfusion, aiding surgical
planning.

5. Genetic and Metabolic Testing

Advancements in molecular genetics have
revolutionized epilepsy diagnosis. Genetic testing
is particularly important in early-onset or drug-
resistant epilepsy, where monogenic causes are
common. Next-generation sequencing panels and
whole-exome sequencing help identify pathogenic
variants, enabling syndrome-specific management
and genetic counselling. Metabolic investigations,
including serum and cerebrospinal fluid analyses,
are indicated when inborn errors of metabolism are
suspected.
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Pharmacological Treatment of Paediatric Epilepsy

Drug Class

1. Sodium Channel
Blockers

2. Calcium Channel

Blockers (T-type)

3. GABAergic

Enhancers (1 inhibitory

neurotransmission)

4. SV2A Vesicle Protein

Modulators

5. Glutamate

(Excitatory) Receptor

Antagonists

6. Carbonic Anhydrase

Inhibitors

7. Multiple-Mechanism

Drugs

Examples

Carbamazepine, Phenytoin,
Lamotrigine,
Oxcarbazepine, Lacosamide

Ethosuximide, Zonisamide,
Valproate (partly)

Valproate, Benzodiazepines
(Clobazam, Clonazepam),
Phenobarbital, Vigabatrin,
Tiagabine, Topiramate

Levetiracetam,
Brivaracetam

Perampanel (AMPA
antagonist), Topiramate
(AMPA/Kainate partial
antagonist)

Topiramate, Zonisamide,
Acetazolamide

Valproate, Topiramate,
Zonisamide
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Mechanism of Action Main Clinical
(MOA) Indications

Stabilize inactivated state of  Focal (partial)
voltage-gated Na* channels — seizures,

inhibit repetitive neuronal generalized tonic-
firing clonic seizures

Inhibit T-type Ca?* channels

in thalamic neurons — Absence seizures,
suppress abnormal mixed seizure types
thalamocortical activity

Enhance GABA-A receptor
activity or increase GABA ~ Myoclonic, atonic,

availability (via enzyme generalized, and
inhibition or reuptake infantile spasms
blockade)

. . . Broad-spectrum
Bind to synaptic vesicle

. use (focal and
protein 2A — regulate

. generalized
neurotransmitter release and .
. . . _ seizures,
reduce excitatory transmission )
myoclonic)
Adjunct therapy in

Inhibit glutamate-mediated  refractory epilepsy,
excitatory neurotransmission Lennox—Gastaut
syndrome

Inhibit carbonic anhydrase — Adjunct for

refractory epilepsy,
catamenial seizures

mild acidosis stabilizes
neuronal membranes and
reduces excitability

Combine Na* and Ca?* Broad-spectrum
channel blockade with GABA (generalized,
enhancement and/or myoclonic,
glutamate inhibition absence, focal)
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Drug Class Examples
8. GABA Transaminase Vieabatrin
Inhibitor 8
9. GABA Reuptake ) )
T
Inhibitor lagabine
10. Hormonal / ACTH (Corticotropin),

Corticosteroid Therapy Prednisolone

11. Barbiturates

. . Diazepam, Lorazepam,
12. B d
cnzoclazepines Clobazam, , Midazolam

History of surgery for pediatric epilepsy

Surgical management of epilepsy in children can
be traced back to the late 19th century. Early
pioneers such as Victor Horsley, William
Macewen, and Fedor Krause highlighted the
potential of neurosurgery in treating epilepsy. In
1886, Dr. Victor Horsley carried out a craniotomy
on a 22-year-old patient with recurrent seizures,
applying the principles of cerebral localization
described by Jackson and Ferrier. Even earlier, in
1879, Dr. Macewen documented epilepsy surgery
in the pediatric population. IN 1893, Fedor Krause
reported the pioneering use of electrical
stimulation in the operating room and broadened
the scope of epilepsy surgery to encompass non-
lesional cases. In the 1920s, Dr. Wilder Penfield
built upon the contributions of leading
neurologists by employing

Phenobarbital, Primidone
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Main Clinical
Indications

Mechanism of Action
(MOA)

Infantile spasms
Irreversible inhibition of (esp. tuberous
GABA transaminase — 1 sclerosis),
GABA concentration in CNS refractory focal

seizures

Inhibits GABA transporter Adjunct for focal
(GAT-1) — 1 synaptic GABA seizures

Reduces corticotropin-
releasing hormone (CRH) and Infantile spasms
suppresses neuronal (West syndrome)

excitability

Potentiate GABA-A receptor Neonatal seizures,
status epilepticus
opening — hyperpolarization (if refractory)

— prolong CI” channel

Enhance GABA-A receptor  Status epilepticus
activity — increase Cl™ influx (acute), adjunct for

— neuronal or seizures

electroencephalography (EEG) and incorporating
electrocorticography to guide surgical planning. In
1938, McKenzie performed the first
hemispherectomy for epilepsy in a child with
infantile hemiplegia. Several surgical methods
have been reported, with the endoscope-assisted
hemispherectomy being among the more recent
innovations. In 1982, Wieser introduced the
selective amygdalohippocampectomy technique
specifically for mesial temporal lobe epilepsy.
Later, in 1998, the International League Against
Epilepsy (ILAE) established standardized
guidelines for paediatric epilepsy and formally
defined drug-resistant epilepsy (DRE).The earliest
randomized controlled trial (RCT) on paediatric
epilepsy surgery was carried out by Dwivedi and
colleagues in South Asia. The study enrolled
children and adolescents  fulfilling the
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International League Against Epilepsy (ILAE)
definition of drug-resistant epilepsy (DRE) who
experienced focal or secondary generalized
seizures. Their findings demonstrated that after
one year, 77% of patients who underwent surgery
achieved seizure freedom, in contrast to only 7%
of those managed with medical therapy alone. A
little over a decade later, Engel and his team
released findings from the Early Randomized
Surgical Epilepsy Trial, showing that 73% of
patients who underwent surgery for temporal lobe
epilepsy remained seizure-free two years
afterward, compared with those who continued on
medical therapy. By the late 20th and early 21st
centuries, major developments in neuroimaging
techniques (such as MRI, PET, and SPECT),
electrophysiological studies, and microsurgical
methods significantly expanded the scope and
success of paediatric epilepsy surgery worldwide.
Modern procedures such as lesionectomy,
hemispherectomy, corpus callosotomy, and vagus
nerve stimulation have become established
therapeutic options for carefully selected children
with drug-resistant epilepsy (Harvey et al., 2008;
Jayakar et al., 2014).Today, paediatric epilepsy
surgery is recognized as a safe and effective
treatment for drug-resistant epilepsy, offering
many children the potential for seizure freedom
and improved neurodevelopmental outcomes.

Presurgical evaluation

The goals of presurgical evaluation are 1. To
establish the diagnosis of epileptic seizure. 2.
Define the electroclinical syndrome. 3. Delineate
the lesion(s) responsible for the seizures. 4.
Evaluate the past AED treatments and ensure that
an adequate medical treatment had been provided.
According to the ILAE, every child with drug-
resistant epilepsy should be assessed at a
specialized epilepsy center and considered for a
surgical consultation. The evaluation begins with
a careful clinical history and witness seizure
description, detailed neurological and
developmental assessment, and review of
antiseizure medication history to establish drug-
resistance according to established ILAE criteria.

Available at www.ijsred.com

Conditions such as cortical dysplasia, tuberous
sclerosis complex, polymicrogyria, hypothalamic
hamartoma, hemispheric syndromes, Sturge-
Weber syndrome, and Rasmussen syndrome are
appropriate diagnoses for early surgical referral.
The evaluation process begins with detailed
clinical assessment, including seizure semiology,
developmental history, comorbidities, and a
thorough neurological examination. Seizure
description and video recordings provide essential
information for hypothesizing the potential seizure
onset zone. A critical step is long-term video-EEG
monitoring, which correlates clinical semiology
with ictal and interictal electroencephalographic
changes. In children, prolonged video-EEG is
invaluable in distinguishing epileptic seizures
from non-epileptic events and in defining
electroclinical syndromes (Rosenow & Liiders,
2001).Neuroimaging is  another  essential
component of evaluation. High-resolution 3T MRI
with epilepsy-specific protocols is the gold
standard for identifying structural lesions such as
cortical dysplasia, hippocampal sclerosis, or low-
grade tumors. In MRI-negative or discordant
cases, adjunctive imaging modalities are
employed. Interictal FDG-PET can identify areas
of hypometabolism corresponding to the EZ, while
ictal SPECT can highlight regions of
hyperperfusion during seizure onset. Advanced
post-processing techniques, such as SISCOM
(subtraction ictal SPECT co-registered with MRI)
and statistical parametric mapping (SPM), further
improve localization accuracy (Jayakar et al.,
2014). Functional MRI (fMRI) is increasingly
used in pediatric patients for mapping eloquent
cortex, particularly motor and language areas,
reducing the need for invasive procedures.

Surgical Procedure

Epilepsy surgery in children aims to achieve
seizure freedom or significant reduction while
preserving neurological and cognitive functions.
The choice of procedure depends on the
epileptogenic zone (EZ) localization, underlying
pathology, and developmental considerations.
Surgical management for children with drug-
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resistant epilepsy aims to achieve seizure control,
reduce medication burden, and improve
neurodevelopmental outcome; careful candidate
selection after a comprehensive presurgical work-
up (history, prolonged video-EEG, high-resolution
MRI with epilepsy protocols, functional imaging
and, when indicated, intracranial EEG) is essential
to define the epileptogenic zone and predict
benefit from surgery. The principal operative
strategies fall into two categories: resective
(removal of the epileptogenic lesion or
epileptogenic cortex) and disconnective/palliative
procedures.  Resective  operations  include
lesionectomy for well-circumscribed lesions,
tailored cortical resections or lobectomies (for
example temporal lobectomy in mesial temporal
epilepsy), and selective procedures such as
selective  amygdalohippocampectomy  when
preservation of surrounding cortex is required.
Disconnective options — ranging from corpus
callosotomy for drop attacks to
hemispherotomy/functional hemispherectomy for
unilateral, diffuse hemispheric pathology — are
chosen when resection is not feasible but
interruption of seizure spread can provide major
clinical benefit. In recent years minimally
invasive  alternatives have expanded the
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armamentarium: laser interstitial thermal therapy
(LITT), stereotactic radiofrequency
thermocoagulation  (including  SEEG-guided
thermocoagulation), and stereotactic radiosurgery
are increasingly used for small, deep, or surgically
challenging foci, offering shorter recovery times
and lower immediate morbidity for selected
patients. Intraoperative adjuncts
(neuronavigation, awake or asleep functional
mapping  where  feasible, intraoperative
electrocorticography, and  neuromonitoring)
reduce risk and help tailor extent of resection;
postoperative complications vary by procedure but
overall surgical mortality in modern series is low
while seizure-freedom rates and developmental
gains are substantial when the epileptogenic zone
is accurately localized and fully addressed. Long-
term outcomes depend on pathology (lesional
etiologies such as focal cortical dysplasia, low-
grade tumours, and hippocampal sclerosis have
higher seizure-freedom rates), completeness of
resection, age at surgery (earlier surgery is often
linked to better developmental outcomes in
appropriately selected infants and young children),
and multidisciplinary postoperative support that
addresses neurodevelopment, cognition, and
psychosocial needs.

Figure: Paediatric Epilepsy Surgery
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Palliative Surgery

Corpus callosotomy (CCS) has been reported to
provide improvement in about 70-80% of children
experiencing drop attacks and in approximately
30% of those with generalized tonic-clonic
seizures. Present guidelines suggest that the
surgery should be tailored to the type of seizure
rather than the overall epileptic syndrome. Total
CCS resulted in a better outcome on drop attacks
than the partial one. Total CCS 1is essentially
indicated in children. In older children and adults,
the degree of callosal section performed depends
on the severity and distribution of EEG
abnormalities. Vagus nerve stimulation (VNS)
represents a palliative surgical option aimed at
reducing seizure intensity and enhancing quality
of life, even among children with drug-resistant
epilepsy. It is typically considered when resective,
potentially curative surgery is either not feasible or
has previously failed. Most candidates for VNS
lack clearly defined epileptogenic zones on EEG.
A further challenge is that the implanted device
limit the ability to perform standard MRI studies.
In contrast, corpus callosotomy (CCS), which
disrupts interhemispheric synchronization, may
unmask  previously  hidden focal EEG
abnormalities, thereby allowing identification of
potential targets for subsequent curative resection.
Palliative surgeries are an important alternative to
improve seizure severity and development of
cognition in childhood. Physicians can apply
several therapeutic strategies to combine with
palliative epilepsy surgeries to attain the
fundamental goal of therapy.

Resective Surgery

Resective  surgery aims to remove the
epileptogenic tissue responsible for recurrent
seizures and is the principal curative surgical
strategy for children with drug-resistant epilepsy

Available at www.ijsred.com

(DRE). Candidate selection relies on a
multidisciplinary presurgical evaluation that
integrates a detailed clinical history, seizure
semiology, prolonged video-EEG, high-resolution
3T MRI with epilepsy protocols, and adjunctive
functional imaging (interictal FDG-PET, ictal
SPECT) and advanced post-processing when MRI
is non-lesional. Invasive monitoring with
stereotactic EEG (SEEG) or subdural grids may be
required when noninvasive data are discordant or
localization remains uncertain. Early referral and
timely surgery after failure of appropriate
antiseizure medication trials are associated with
better seizure and developmental outcomes.

Conclusion

Paediatric epilepsy is a complex condition
requiring early diagnosis and individualized
management. While most children respond to
medication, some need advanced treatments,
including surgery. Advances in imaging, genetics,
and surgical techniques have improved outcomes
and quality of life. A multidisciplinary approach
and continued research into precision medicine are
vital for further progress in care and long-term
prognosis.
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