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Epilepsy surgery in pediatric patients

Andrej Vranič,1 Natalija Krajnc2

Abstract
Epilepsy surgery is a branch of functional neurosurgery, developed for treating patients with 
resistant epilepsy in pediatric and adult population. The etiology and clinical picture of pediatric 
epilepsy are very heterogeneous and patients who could benefit from surgery should be chosen 
very carefully. In this article we present preoperative preparation of epilepsy patients, as well as 
surgical techniques used in pediatric epilepsy surgery. Robotic stereoelectroencephalography 
(SEEG) is the most precise technique used for implanting intracranial electrodes. Epileptic foci 
can be excluded by resection or disconnection procedures. Hypothalamic hamartomas are most 
frequently treated endoscopically. The results of surgical treatment are good: about two thirds 
of children are seizure-free after surgery while in the rest of them we mostly achieve improve-
ment.
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1  Introduction

Epilepsy surgery is a branch of fun‑
ctional surgery aimed at removing an 
epileptogenic region of the brain. In the 
narrow sense, epilepsy surgery does not 
include surgery of tumours causing epi‑
leptic seizures. The boundaries of the 
epileptogenic zone and the amount of 
brain tissue to be removed by the neu‑
rosurgeon are determined with the aid 
of surface and deep brain electroencep‑
halography (EEG). Accurate magnetic 
resonance imaging (MRI) scans provide 
detailed images of possible structural 
abnormalities, the boundary between 
white and grey matter, and the cereb‑
ral vasculature. Also helpful in the se‑
arch for epileptogenic regions are two 
functional imaging methods: positron 

emission tomography (PET) and single 
photon emission computed tomography 
(SPECT). The epileptogenic region must 
be surgically accessible, and its removal 
must not cause new neurologic deficits. 
The results of surgery strongly depend 
on patient selection. Therefore, surgical 
indications must be carefully evaluated 
in every patient. In appropriately se‑
lected patients, surgery gives very good 
results (1‑5).

Epilepsy is one of the most frequent 
neurologic disorders both in adult life 
and in childhood. Its estimated preva‑
lence in Slovenia being 1 % for the enti‑
re population, we expect to have about 
20,000 patients with epilepsy, of whom 
15,000 have active disease. Nearly half 
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the patients develop epilepsy already in 
childhood. The prevalence in the po‑
pulation up to 19 years in Slovenia is 
0.46 % (6). The primary treatment for 
epilepsy is medication, which is effecti‑
ve in about two thirds of patients, while 
20 % to 30 % may be expected to have a 
refractory course. We speak of refractory 
(drug-resistant) epilepsy when the pati‑
ent continues to have seizures despite 
treatment with at least two appropriately 
selected antiepileptic drugs given as mo‑
notherapy or in combination (7).

In the group of patients with refra‑
ctory epilepsy, we must look for tho‑
se who may benefit from other forms 
of treatment, above all from surgery. A 
paediatric neurologist (or neurologist 
treating adults) should possess adequ‑
ate knowledge to identify at an early 
stage patients with active epilepsy and 
refer them to an epileptologist. The la‑
tter evaluates the possibility of surgical 
treatment and refers the patient as soon 
as possible for the necessary presurgical 
investigations. Prompt referral to the 
presurgical programme is important 

since active epilepsy causes numerous 
medical, social and cognitive deficits, 
especially in the early childhood peri‑
od (8,9,10).

An important part of presurgical eva‑
luation is accurate analysis of the pati‑
ent’s seizures (semiology) with seizure 
recording during long-term video-EEG 
monitoring. By neuroradiological in‑
vestigations, we establish the presence 
of possible structural changes (lesions) 
associated with the seizures, or functio‑
nal changes in patients without lesions. 
Neurological examination allows the 
detection of associated neurological ab‑
normalities. A neuropsychologist and 
often a psychiatrist are vital members 
of the team. We evaluate the agreement 
among the findings of different investi‑
gations and possible drawbacks. We are 
guided by the rule that each patient with 
refractory epilepsy is a potential can‑
didate for surgery until this treatment 
option has been ruled out by in-depth 
investigations. It may be reasonable for 
individual patients with an unfavourable 
course of epilepsy to undergo several re‑
peated evaluations. Surgical treatment is 
carried out in an epilepsy surgical unit, 
where the patient is admitted after the 
completed investigations.

The principal indication for surgery 
is refractory focal epilepsy with a clear 
structural change or even without such 
a change. Less frequent indications are 
certain epileptic syndromes with prima‑
rily generalized seizures, where the main 
goal is to reduce the severity of seizures 
and their consequences (e.g. sudden fal‑
ls). In the decision for surgical treatment, 
an important consideration, besides the 
frequency or form of seizures, is also the 
burden of epileptiform EEG abnormali‑
ty during the seizure-free interval.

In certain childhood epileptic syn‑
dromes (infantile spasms, electrical sta‑
tus epilepticus in sleep, Landau–Kleffner 

Figure 1: A 14-year-old boy with extensive 
type 2 cortical dysplasia in the left temporo-
occipital region.
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syndrome etc.), the course of refracto‑
ry epilepsy may be encephalophatic. 
Epileptic seizures may be causing little 
inconvenience to the patient and the 

environment, but the burden of abnor‑
mality is so pronounced as to produce 
encephalopathy. Since the associated 
developmental delay, or even decline, 
is sometimes very rapid, this alone (re‑
gardless of epilepsy activity) may consti‑
tute an indication for referral for surgical 
treatment.

The particularity of epilepsy surgery 
in children is connected with brain ma‑
turation. Early-onset epilepsy involving 
the language areas of the brain expecte‑
dly causes a deficit in the primary de‑
velopment of speech. When epilepsy in 
the language areas appears during a later 
period of development, we can observe 
a secondary decline in already acquired 
speech functions, such as occurs for in‑
stance in the Landau-Kleffner epileptic 
aphasia syndrome. If involvement of 
the language area occurs early on in the 
child’s development, language can deve‑
lop in symmetrical contralateral areas 
because of plasticity or equipotentiality 
of the brain (11,12). Similar remodelling 
occurs with other cognitive and even 
motor functions. The results of a study 
on a population of 70 children undergo‑
ing a hemispherotomy show that the abi‑
lity for socialization and development of 
brain functions is inversely proportional 
to the child’s age at the time of surge‑
ry (13).

2  Preoperative 
investigations

Before planning possible surgical tre‑
atment, we must carry out all investiga‑
tions designed to confirm the hypothe‑
sis on the location of the epileptogenic 
focus (or multiple foci) and aetiology of 
epilepsy.

Figure 2: An 8-year-old boy with subtle type 
1 cortical dysplasia in the left frontal region, 
and numerous daily seizures despite therapy. 
A blurred cortico-subcortical boundary is 
vaguely outlined. Invasive EEG recording was 
required.

Figure 3: Patient from Figure 2; following 
cortical resection in the left frontal region, 
the boy has infrequent residual seizures and 
absence of neurologic deficits.
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2.1  Localization of 
epileptogenic foci

An epileptogenic focus comprises 
the part of the cerebral cortex where ab‑
normal impulses are triggered and the 
parts of the cortex where these impulses 
spread directly after seizure onset. Focus 
localization is based on long-term con‑
tinuous surface video-EEG recording, 
usually lasting 2–14 days and nights, in 
the course of which we determine the 
electro-clinical and topographic corre‑
lations during the course of an epileptic 
seizure. The electrodes, usually 10–20, are 
placed on the scalp according to the in‑
ternational scheme. It is important to use 
an adequate number of electrodes (also 
in infants). Occasionally, it may be useful 
to place additional electrodes over certa‑
in regions. During a seizure, we perform 
targeted testing of the subject according 
to agreed protocols, adapted also for 

small children. We note the initial signs 
of the seizure and the neurologic deficits 
during and after the seizure (14,15).

In certain temporal lobe epilepsi‑
es, we can implant the electrodes into 
hippocampal structures through the fo‑
ramen ovale. This increases the possibili‑
ty of detecting abnormalities in deep-se‑
ated medial temporal structures, which, 
due to dipole orientation, may be missed 
by surface electrodes (16).

Video-EEG recording must take pla‑
ce also in sleep at least during one night, 
since sleep is a possible trigger of sei‑
zures or even the only period in which 
the epileptiform abnormality is expres‑
sed. Nocturnal recording also allows us 
to assess the physiological structure of 
sleep and possible subtle attacks occur‑
ring in sleep, which often pass unnoticed 
by the environment. It may be helpful to 
use programmes for automatic seizure 
registration, which allow the evaluation 
of possible subclinical seizures. In pati‑
ents with less frequent seizures, we can 
increase the likelihood of seizure occur‑
rence by activation procedures, such as 
sleep deprivation, hyperventilation, pho‑
tic stimulation, or withdrawal of antiepi‑
leptic therapy. The presence of a parent 
or companion who is thoroughly fami‑
liar with the child’s usual (habitual) sei‑
zures allows the personnel prompt reco‑
gnition of seizure onset, good testing 
and realistic analysis of events. When 
different forms of seizures occur in the 
same patient, we must record and classi‑
fy all seizure types.

2.2  Determining the aetiology

Aetiology determination is based on 
a detailed history and clinical examina‑
tion with emphasis on neurologic exa‑
mination, which includes a search for 
possible skin changes. Analysis of the ne‑
uroradiological investigations is impor‑

Figure 4: A 3-year-old girl with implanted intracerebral depth electrodes.
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tant (17). If a child is unable to cooperate 
during an imaging study, we perform it 
under general anaesthesia. Structural ab‑
normalities may be clearly pronounced 
(hemimegalencephaly, circumscribed 
malformations of cortical development, 
certain developmental tumours), or they 
can be discreet (thickened gyrus, blur‑
ring of the grey-white matter boundary, 
volume reduction in a certain region) 
(Figure 1 and Figure 2). Computed to‑
mography (CT), though used less often 
than MRI, is helpful in looking for cal‑
cifications, like in the Sturge-Weber syn‑
drome or in tuberous sclerosis.

In recent years, functional magne‑
tic resonance imaging (fMRI) has been 
used increasingly for the assessment of 
cerebral cortex functions. This investiga‑
tion requires a cooperative subject, who 
must be prepared in advance for un‑
dergoing the test protocol.

3  Surgical techniques

We distinguish between curative and 
palliative techniques. The choice of tech‑
nique depends on the position and size 
of the epileptogenic focus. Among cura‑
tive techniques, the most frequently used 
are resections of the epileptogenic focus 
and disconnection procedures, which in 
their extreme form may comprise an en‑
tire hemisphere.

3.1  Brain resection

A brain resection involves the exci‑
sion of an epileptogenic focus. We dis‑
tinguish between simple resections and 
resections associated with intracranial 
exploration.

Simple resections are possible if the‑
re is a clear anatomical and electro-clini‑
cal correlation of seizures, i.e. agreement 
between neuroradiological findings and 

Figure 5: A 4-year-old girl with subtle cortical 
dysplasia in the right parietal area, the primary 
motor region for the non-dominant hand. 
Intracerebral depth electrodes are in place 
(black dots in the cerebral cortex). Because 
of frequent seizures, the girl had persistent 
paresis of the distal left hand.

Figure 6: Patient from Figure 5, a few days 
after electrode removal. Coagulation was 
performed in the right primary motor region. 
A year after surgery, the girl is seizure-free and 
the function of her left hand has improved.
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data acquired on seizure recording. The 
focus must not be located in a functio‑
nal (eloquent) area of the brain, and the 
structural change must be anatomically 
well circumscribed (Figure 3). Simple 
resections are performed most often 
for mesial and polar temporal lobe epi‑
lepsies of the dominant hemisphere, 
but also for more widespread temporal 
lobe epilepsies of the non-dominant he‑
misphere. They are also carried out in 
Sturge-Weber angiomatosis, where the 
anatomical boundaries of the structural 
lesion usually coincide with the bounda‑
ries of the epileptogenic focus.

Resections associated with intra-
cranial EEG exploration are carried out 
as a rule when there is a disagreement 
among the findings of preoperative in‑
vestigations, or when the focus is close 
to functional areas and there is a greater 
risk of a neurologic deficit after the pro‑
cedure. Intracranial exploration is often 
necessary in extratemporal epilepsies and 
in non-lesional or cryptogenic epilepsies 
where no radiological abnormalities are 
detected. Invasive recording of epilep‑
tic seizures is performed with the use of 
intracerebral electrodes. These enable, 
besides accurate topographic localizati‑

on of the epileptogenic focus, also fun‑
ctional mapping of the cerebral cortex, 
whereby the location of functional regi‑
ons is determined and their preservation 
is made possible.

We can implant either intracerebral 
depth electrodes (by stereotaxis or a robo‑
tic device, very rarely by craniotomy) or 
subdural plate electrodes (direct insertion 
with a major craniotomy).

3.1.1  Stereo 
electroencephalography (SEEG)

Intracerebral depth electrodes are 
implanted into anatomical structures, 
identified by presurgical investigations 
as the most probable epileptogenic re‑
gions. In the older SEEG technique de‑
veloped by Bancaud and Talairach for 
adult patients, a stereotaxic frame and 
an arteriographic examination were 
used for determining the target anato‑
mical structures (18). Nowadays, MRI 
and robots have made it possible to av‑
oid both the arteriographic examination 
and the unpleasant stereotaxic frame. 
During the procedure, 10 to 20 thin wire 
electrodes are implanted according to a 
previously prepared scheme (Figure 4). 
For each electrode, a small burr hole is 
made, through which the electrode is in‑
serted and attached to the skull with spe‑
cial threading. The electrodes may rema‑
in in place for up to two weeks (Figure 
5). Resection of the epileptogenic zone is 
usually performed two to three months 
after electrode removal.

In the so-called thermocoagulation 
method developed recently, thermo‑
coagulation of a small amount of brain 
tissue surrounding a previously implan‑
ted depth electrode is performed using 
currents that are higher than those used 
for stimulation in cortical mapping. In 
some cases, thermocoagulation alone 
can reduce the epileptogenicity of a 
certain region, whereby subsequent re‑

Figure 7: Surface of the cerebral cortex in a 6-year-old boy with type 2 
cortical dysplasia in the right frontal area.
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section of epileptogenic tissue is avoided 
(Figure 6). With depth electrodes, unlike 
with surface plate electrodes, we can very 
well explore also the temporal lobe and 
medial brain structures. This technique 
is not used in children under two years 
of age, since the skull thickness does not 
permit reliable electrode fixation.

3.1.2  Implantation of intracranial 
electrodes by craniotomy

This method is feasible also in the 
youngest patients. Usually we implant 
subdural plate electrodes, which allow 
exploration of the surface of the brain 
cortex (Figure 7 and Figure 8). Very ra‑
rely, intracerebral depth electrodes are 
implanted in this way. Plate electrodes 
allow rather accurate mapping of the 
sensory, motor and language areas of the 
cerebral cortex (19). Cortex is stimula‑
ted with trains of stimuli or with single 
stimuli at a high frequency (50 HZ) and 
increasing intensity. For localizing the 
language areas, 5-second stimulus trains 
are usually used while the patient is co‑
unting aloud. Single stimuli or 3-second 
stimulus trains are used for localizing 

sensory and motor areas. The response 
is observed on the side contralateral to 
stimulation as a contraction of speci‑
fic muscle groups or as paraesthesias. 
The distance between two stimulation 
electrodes must be about 1 cm. Plate 
electrodes are left in place for 5–10 days. 
On their removal, the epileptogenic area 
is excised as well.

The decision for one or the other 
method depends on the surgical scho‑
ol, but also on the patient’s age and the 
topography of the epileptogenic focus. 
By intracranial recording of epileptic se‑
izures and mapping of functional areas 
of the cerebral cortex, we are able to ac‑
curately define the edges of an epilepto‑
genic region and at the same time avoid 
postoperative neurologic deficits.

3.2  Disconnection procedures

Hemispherotomy is the interruption 
of the afferent pathways of a hemisphe‑
re with preservation of its vasculatu‑
re (20,21). The connection between the 
hemispheres is completely interrupted, 
only a few efferent fibres are preser‑
ved. This technique is used instead of 
hemispherectomy (removal of a he‑
misphere), where a necrotic space is 
left intradurally, remaining a common 
site of complications due to excessi‑
ve cerebrospinal fluid accumulation. 
Hemispherotomy is indicated when the 
epilepsy affects an entire hemisphere, 
which is no longer functional. The pre‑
operative deficit (hemiplegia, hemiano‑
psia) grows only slightly worse or rema‑
ins unchanged after the procedure, but 
gait capacity is preserved. It is important 
to preserve the unilateral nature of any 
residual seizures and the functional in‑
tegrity of the contralateral hemisphere. 
Smaller, more limited disconnection 
procedures are also possible, which aim 
to preserve the functionality of the cen‑

Figure 8: Patient from Figure 7; operating field following implantation of 
plate electrodes.
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tral region. In extensive yet incomplete 
involvement of a hemisphere, it is possi‑
ble to interrupt both afferent and effe‑
rent fibres of the greater part of the he‑
misphere, while preserving the smaller, 
unaffected part.

3.3  Surgery of hypothalamic 
hamartomas

Hypothalamic hamartomas are con‑
genital neuronal malformations located 
in the diencephalon region of the bra‑
in (hypothalamus and the mammilla‑
ry bodies). They often cause refractory 
epilepsy with different forms of seizures 
characterized by gelastic components, 
and with an encephalopathic cour‑
se (22,23). They may be associated with 
premature puberty. Surgical treatment of 
hamartomas is very demanding because 
of their proximity to the brain stem. They 
are mostly treated endoscopically, and 
less frequently by the classical microsur‑
gical technique (24). Radiosurgical abla‑
tion is also possible (25).

3.4  Palliative surgical 
procedures

Their aim is to limit the spread of epi‑
leptic seizures by severing connections.

Callosotomy (26). The anterior two 
thirds of the corpus callosum are divided 
along the longitudinal axis. In this way, 
the main pathways by which impulses 
spread between the two hemispheres are 
interrupted. The indications for this pro‑
cedure are multifocal and generalized 
epilepsies, such as the Lennox-Gastaut 
syndrome and infantile spasms (27). In 
drop attacks, posterior callosotomy can 
be performed (28). If carried out before 
the age of 10 years, callosotomy does not 
cause additional neuropsychological de‑
terioration or language disorders (29).

Subpial transection (30) is a proced‑
ure in which the short cortico-cortical 
fibres involved in epileptogenesis are di‑
vided at the level of the cerebral cortex, 
while the vascularity of the pia as well as 
the long cortico-subcortical fibres essen‑
tial for maintaining the function of the 
cerebral cortex are preserved. Thus, the 
functional areas of the cortex are fully 
preserved but the epileptogenic con‑
nections are severed. Subpial transection 
can be performed as an isolated proced‑
ure or in conjunction with limited re‑
section of the epileptogenic region. It is 
usually ineffective in areas of dysplastic 
cortex.

3.5  Vagus nerve stimulation 
(VNS)

VNS was initially approved as an ad‑
junctive method for the treatment of re‑
fractory focal seizures in adults and chil‑
dren over 12 years of age. Later it began 
to be used also in younger children (31). 
Although double blind trials were never 
conducted, VNS is reported to result in 
reduction of seizure frequency in about 

Figure 9: CT scan of a 9-year-old boy 
with pneumocephalus after removal of 
intracerebral depth electrodes.
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half of patients (32,33). Its mechanism of 
action is unclear. In the short term, VNS 
probably affects the synchronization of 
cerebral electrical activity via the nu‑
cleus of the solitary tract. Its long-term 
action alters the concentration of neu‑
rotransmitters. Increased activity of the 
noradrenaline and serotonin pathways 
is thought to elevate the seizure thre‑
shold (33).

3.6  Deep brain stimulation

Although stimulation of deep brain 
nuclei is a well-established method in 
the treatment of movement disorders, 
numerous trials are underway to assess 
its efficacy also in patients with epilepsy. 
The targets used are amygdala, hippo‑
campus, subthalamic nucleus, anterior 
centromedian nucleus of the thalamus, 
cerebellum, and head of caudate nu‑
cleus. In a randomized double-blind 
multicentric study of 110 patients, 56 % 
experienced a decrease in seizure fre‑
quency following stimulation of the an‑
terior thalamic nucleus (34). It is worth 
mentioning that in Slovenia, the first 
attempts to treat (young adult) patients 
with epilepsy by cerebellar stimulation 
were made already 30 years ago (35).

4  Indications and 
contraindications in different 
age groups

When deciding about surgical tre‑
atment, we distinguish the following age 
groups: infants (up to 1 year), toddlers 
(up to 3 years), children (3–10 years), and 
adolescents (up to 16 years). The aetio‑
logy of epilepsy varies with age.

In infants, the most frequent cau‑
ses of seizures are cerebral malformati‑
ons (dysplasia, hemimegalencephaly). 
Ganglioneuronal tumours are rare. Most 

infants with epilepsy have severe and 
very frequent seizures, which may start 
already before the age of one month 
and occur several times a day. The most 
frequent procedure in this age group is 
hemispherotomy, focus resection being 
only second in frequency. The reason for 
the radical approach is a high and early 
epileptogenicity of hemispheric cerebral 
malformations.

In the age group up to 3 years, the pre‑
dominant causes of epilepsy are cortical 
lesions (cortical dysplasia), followed by 
neuronal and glial tumours. The most 
frequent procedure is focus resection. 
Since the goal of these procedures is 
complete excision of the epileptoge‑
nic focus, intracranial exploration is of‑
ten necessary. Exceptions are certain 
temporal lobe epilepsies and localized 
forms of the Sturge-Weber syndrome. 
Hemispherotomies in toddlers are per‑
formed in cases of extensive cortical 
dysplasia.

In older children, the most frequent 
procedure is focus resection. The excep‑
tion is Rasmussen encephalitis affecting 
only one cerebral hemisphere, which is 
a good indication for hemispherotomy. 
Rasmussen encephalitis appears mostly 
after the age of three years, the patients’ 
mean age being six years.

Caution is needed in non-lesional 
epilepsies, where invasive presurgical 
evaluation is usually necessary to clearly 
define the agreement between the result 
of MRI and EEG studies (36). Resections 
are generally not performed in non-lesi‑
onal epilepsies, although in certain ca‑
ses (tuberous sclerosis), resection of the 
most active focus may improve the con‑
dition (1).
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5  Results of surgical 
treatment

On average about two thirds of pati‑
ents are seizure-free after surgery. In a 
group of 75 patients under 12 years of age 
reported by Paolicchi and Jayakar, 59 % of 
operated patients were still seizure-free 5 
years after the procedure (2). Wyllie and 
Comair reported on 62 children under 
12 years of age, of whom 68 % were sei‑
zure-free 3.6 years after surgery (3). In 33 
children under 15 years of age, Maehara 
and Shimizu found good results after 
temporal lobe resections (67 % seizure‑
-free), and slightly poorer results after 
callosotomies (42 % seizure-free) and 
extratemporal procedures (33 % seizure‑
-free) (4). Results in a group of 19 chil‑
dren with cortical dysplasia under 5 years 
of age undergoing SEEG surgery show 
absence of seizures after the procedure 
in 84 % and a motor deficit in 20 % - in 
10 % as a transient disorder and in 10 % 
as a permanent sequela (5). In one child, 
electrode insertion was followed by the 
development of a subdural haematoma 
requiring surgical treatment. Other rare 
but possible complications of SEEG are 
infections (meningitis, bone flap infecti‑
on),  minor intraparenchymal bleeding 
after the insertion of electrodes, and 
pneumocephalus after their removal 
(Figure 9). These data allow the conclu‑
sion that epilepsy surgery is feasible with 
acceptable morbidity and with complete 

cessation of seizures in the majority of 
patients.

6  Status in Slovenia

In Slovenia, patients receive presur‑
gical diagnostic evaluation, but epilepsy 
surgery is not performed. Both children 
and adults with epilepsy who are candi‑
dates for surgical treatment are referred 
to specialized centres abroad following 
evaluation by an experienced epilepsy 
team. Numerous patients who until re‑
cently were considered unsuitable surgi‑
cal candidates now undergo successful 
operations (37‑40). Since epilepsy sur‑
gery is a branch of neurosurgery that is 
developing rapidly as a result of new di‑
agnostic and surgical methods, a further 
increase in indications may be expected 
in the future.

7  Conclusion

Surgical treatment of refractory epi‑
lepsy in children is feasible with accep‑
table morbidity and cessation of seizures 
in about two thirds of patients; most 
other patients experience a decrease 
in seizure frequency or a change in the 
form of seizures. Surgical complications 
are rare and mostly transient. The quality 
of life and the development in children 
improve significantly after the cessation 
of seizures and epileptiform activity.
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