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Abstract
Background: Over recent years, epilepsy surgery has gained its place as the standard of care for many cases of drug-resistant
focal epilepsy. Our paper aims to briefly summarize major achievements in epilepsy surgery in children and discuss emerging
aspects. Methods: Our review has a narrative and a systematic part. Articles included in the systematic part were original studies
conducted over the last ten years in paediatric populations with epilepsy. The quality of the studies was assessed using appropriate
bias assessment tools. Results: The vast majority of articles identified were retrospective studies. Although the efficacy and safety
of epilepsy surgery have been proven, it is still underused in many healthcare systems, and a balance between thorough pre-surgical
investigations and early intervention needs to be achieved. Cognitive function is stabilized and preserved after different types of
epilepsy surgery, and in the longer term, clear benefits are demonstrated related to seizure freedom and weaning from antiseizure
medications. Minimally invasive surgical methods are emerging as efficient and safe alternative options in many cases of patients
with specific underlying conditions, but larger group data are needed. Finally, emerging genetic findings lead to a discussion about
the utility of epilepsy surgery in specific genetic conditions, while social and national inequalities remind the need for more flexible
approaches. Conclusions: Early referral and mindful selection of likely candidates, refinement of minimally invasive surgical
methods, ways to benefit cognitive function, and early antiseizure medication withdrawal are the current challenges for epilepsy
surgery in children.
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Introduction
Epilepsy is considered the most prevalent chronic neurological
condition in childhood, affecting 1-2% of the paediatric population. It is a disorder with many etiologies and marked phenotypic variability. It exhibits significant resistance rates to firstline treatments (i.e., anti-seizure medications) and affects multiple aspects of cognition and quality of life. This complexity is
a hallmark of epilepsy and inevitably affects treatment options.
Management strategies aim not only at reducing seizure burden
but also at minimizing cognitive impairment and helping these
children reach their optimal neurodevelopmental potential [1].
Epilepsy surgery involves localization of the epileptogenic focus and its removal through resection, disconnection, or stimulation, aiming at reducing or eliminating seizures and improving quality of life without inducing any neurological impairment
[2]. From an alternative or a last resort therapy at the beginning of the 20th century, epilepsy surgery has now gained its

place as the standard of care for many cases of drug-resistant
focal epilepsy, and the number of patients who have benefited
has escalated. A benefit of surgery over continued medical treatment has also been shown in selected patients [3]. The two factors that primarily contributed to the boost in the global interest
in the surgical management of epilepsy were the development
of the electroencephalogram (EEG) and the perfection of neuroimaging techniques (functional and structural) [4, 5]. Imaging
has had a significant impact on increasing numbers of children
who have come to surgery over the last decade [6]. The types
of resections undertaken in children may be similar to adults, although multilobar resections and hemi-disconnections are more
common [7].
Our review aims to briefly present the progress of paediatric
epilepsy surgery over recent years, analyze current emerging aspects, and discuss missing points and future challenges, always
in light of the differences to the adult population.
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studies. Authors have selected these tools as they are widely used
in systematic reviews and recommended by the Cochrane Collaboration. Both tools include i) pre-intervention (selection, confounding), ii) intervention (blinding, classification, deviation)
and iii) post-intervention (measurement, reporting data, incomplete data) domains.
Evaluation of risk is based on the authors’ judgment. The risk
of bias was expressed as low, high, or unclear in the Cochrane
tool and as low, moderate, or serious in the ROBINS-I tool [8, 9].
Studies on relevant topics but exclusively in adult populations
have been referred to but not included in our primary results.

Methods of literature search
Structure of the manuscript
In general, our review paper has a narrative and a systematic
part and is structured on:
i) what is already known in the field of paediatric epilepsy
surgery (we briefly summarize the main points, narrative
review)
ii) what new information is being added and what the arising
dilemmas are which need to be addressed in the future (systematic review, studies with homogeneous endpoints are
presented in tables)

What makes children with epilepsy different?

Special emphasis is given to various unique features in the paediatric age.

The well-known cliché that “children are not young adults”
is perfectly illustrated in the surgical treatment of epilepsy. A
number of differences represent sources of potential challenges
in this age group.
More specifically, the protection of the developing brain and
the potential for plasticity is a greater issue than in adult patients.
Apart from improving seizure control, pre-existing brain function needs to be preserved. However, there is further potential
for developing language, cognition, social competence, and behavioral skills as individuals move through childhood and adolescence. These in paediatric patients are equally important as
seizure frequency, as their development will determine the level
of global functioning. Many children coming to epilepsy surgery
have pre-existent cognitive and behavior deficits; it may be presumed that optimal development would be achieved with alleviation of seizures. On the other hand, additional co-morbidities
frequently encountered in childhood and of high prevalence
amongst epilepsy surgery candidates (e.g., autism spectrum disorder, attention deficit hyperactivity disorder or other psychiatric
comorbidities) may interfere with surgical management and influence the final outcome [10, 11].
At the same time, parents are responsible for a child’s care over
decisions about management and therapies applied. This can significantly impact the degree of utilization of an offered treatment
in paediatric groups of patients without appropriate counseling.
The unique features of this three-part interaction should be taken
into account.
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Eligibility criteria
Studies fulfilling the following criteria were selected: (1) original papers, (2) published in the last ten years, (3) studies conducted in paediatric patients (<18 years) with epilepsy, (4) studies with outcomes relevant to epilepsy surgery
Search strategy and study selection
A comprehensive search by thesaurus was undertaken using
health-related databases: Pubmed, Embase, Scopus, Web of Science, and Cochrane.
The terms that were used were: “epilepsy surgery” AND
[“children” OR “paediatric” OR “childhood”] AND [“neurodevelopment” OR “cognitive function” OR “behavior” OR
“language development” OR “language disorders” OR “language problems” OR “speech development” OR “school performance” OR “memory” OR “plasticity” OR “outcomes” OR
“laser” OR “minimally invasive methods” OR “neuromodulatory” OR “brain stimulation” OR “vagus nerve stimulation” OR
“antiepileptic drugs withdrawal” OR “antiepileptic drugs stop”
OR “antiseizure medication withdrawal” OR “antiseizure medication stop” OR “genetic” OR “genotype” OR “underutilization”
OR “challenges”].
Additional records were identified after considering references
cited in initially identified papers.
After searching the literature, data were abstracted, and selected articles were scanned to eliminate studies on irrelevant
topics, inappropriate methodology, or duplicate records. (Figure 1) Studies with interesting findings conducted in adult populations or in mixed populations without a separate analysis for
paediatric/adolescent patients and some relevant review papers
have been commented on but not included in the results of our
literature search.

Major achievements in the field of paediatric
epilepsy surgery: what is known
Over the last decades, there has been a remarkable increase in
the number of paediatric epilepsy surgeries performed, the complexity of the procedures undertaken, and stability in the proportion of Engel I class outcomes [12]. Progress in paediatric
epilepsy surgery could be summarized by assessing its safety,
efficacy, and flexibility of referral indications.
Epilepsy is a complex disease that encompasses many etiologies and rare syndromes. The etiology and specific epilepsy syndrome are important determinants of the outcome and key fac-

Quality assessment
The quality of the original studies included in our review was
assessed using the Cochrane Risk of Bias Assessment Tool for
the randomized trials and the ROBINS-I tool for other types of
2
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Figure 1. Flowchart for study selection according to PRISMA guidelines

tors in treatment selection [13]. The Paediatric Epilepsy Surgery
Sub-commission of the International League Against Epilepsy
(ILAE) developed recommendations for when referral should be
made for consideration of assessment for surgery [14]. Although
traditionally drug-resistant epilepsy, as defined in ILAE 2010
criteria, is a key factor, more specifically, children with uncontrolled or disabling seizures, as well as children with continuing
presumed focal onset seizures from a localized pathology that
cannot be classified as a clearly defined electroclinical entity are
potential surgical candidates and warrant further evaluation in
a specialist centre [15]. Further, in children with seizures, the
likely result of a clearly defined localized lesion of low risk for
removal may warrant evaluation even in the absence of continuing seizures [16]. Over the years, it has been widely recognized
that a multidisciplinary approach is required for these patients.
Indications for pre-surgical evaluation are now widely available,
and evaluation protocols have been developed; preliminary baseline investigations include high-resolution Magnetic Resonance
Imaging (MRI), video-EEG monitoring (ictal and interictal), and
neuropsychological assessment. Additional investigations may
offer additional information dependent on the underlying etiology [14, 17] (Figure 2).
These complementary investigations are suggested to localize the epileptogenic zone better (e.g., magnetoencephalography, single-photon emission computerized tomography, positron
emission tomography, 3D source localization) or to assess the
risk of postoperative deficits more precisely (e.g.fMRI, tractography of pyramidal tract and Meyer’s loop) [18, 19, 20, 21]. In
general, the purpose of all the aforementioned investigational op-

tions is to offer the opportunity to carefully select surgical candidates, maximize individual benefit and achieve some kind of
precision medicine in the field of epilepsy surgery [22] (Figure
2).
Despite this range of supplementary noninvasive investigations, in some children, the seizure onset zone may not be completely clear or proximity to the eloquent cortex. In such individuals, invasive EEG recording may be justified. Traditionally, subdural grids were thought to be advantageous in children in view of the presumed cortical generation of seizures.
However, stereoencephalography (SEEG) is now more widely
used in view of the range of individuals who can be evaluated
and relative lower morbidity. Although a long-established technique in presurgical evaluation, the number of studies about the
use of SEEG in children has significantly increased over the
last five years (Table 1). Most of these studies focus on the
safety of this method and its efficacy in terms of localization
of the epileptic zone. However, in clinical practice, SEEG is
often combined with one of the later mentioned minimally invasive techniques (e.g., radioablation). According to the results of these studies, SEEG is generally well tolerated, although complications may arise and need to be considered by
clinicians. In parallel, in most cases, SEEG provides clinically
useful data allowing a targeted resective procedure, with robotassisted and optic navigation methods seeming to be equivalent
[23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35].
Although the presurgical evaluation was initially confined to
specialist epilepsy centres, especially in countries with centralized healthcare services, the ILAE has now developed criteria
3
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Figure 2. Proposed algorithm for pre-surgical evaluation in children with epilepsy (adapted from Jayakar et al., 2014; AVM: arteriovenous malformation, EEG: electroencephalogram, FCD: focal cortical dysplasia, (f)MRI: (functional) magnetic resonance imaging, HH:
hypothalamic hamartomas, MEG: magnetoencephalography, PET: positron emission tomography, SPECT: single-photon emission
computerized tomography, TS: tuberous sclerosis).

for Level 1 and Level 2 centres according to facilities and competencies [36]. Level 1 centres provide care for children age ≥ 9
years with discrete lesions including hippocampal sclerosis, undergoing lobectomy or lesionectomy, not close to the eloquent
cortex. The team includes a paediatric epileptologist, paediatric
neurosurgeon, and paediatric neuroradiologist, while access to
video-EEG and 1.5T MRI is needed. Level 2 centres can provide care across the whole age span and for a broad spectrum of
etiologies, even for patients with normal MRI, ill-defined MRI
lesions, or foci in the eloquent cortex. A wider range of diagnostic technologies must be available, and the multi-disciplinary
team needs to be supported by neurophysiology, neuroradiology,
epilepsy neurosurgery, neuropsychology, neuro-anesthesia, neurocritical care, and psychiatry services [36].
According to the literature, epilepsy surgery has an acceptable
safety profile for all ages when conducted in a specialist paediatric centre. However, data suggest that children are less likely to
present perioperative complications (especially intracranial hemorrhage) than adults [37]. The efficacy of a number of surgical
techniques has now been well-established for a series of anatomical disorders, according to their size: hemimegalencephaly,

hemidysplasia and Rasmussen’s syndrome (hemispherectomy),
focal cortical dysplasia, tuberous sclerosis, Sturge-Weber syndrome, developmental tumors, polymicrogyria, as well as cases
of hippocampal sclerosis [14]. Hemi-disconnection has higher
rates of success than lobectomy, while seizure freedom rates
are higher for patients with underlying developmental tumors
or vascular abnormalities compared to children with malformations of cortical development. Almost 75% of children undergoing temporal lobectomy achieve seizure freedom, with abnormal
MRI and with lack of generalized seizures as positive predictors.
On the other hand, seizure freedom rates are lower for children
undergoing extra-temporal resection. Early age of intervention
plays a positive role in this patient group [38, 39, 40, 41].
Vagus Nerve Stimulation (VNS) is considered a relatively established minimal surgical approach in children, particularly for
those patients who are not eligible for a resective/disconnective
surgical method or have already had a previous failed epilepsy
surgery. Many studies and cohorts in the literature have shown
that VNS is quite tolerable and safe with mainly transient adverse effects (e.g., voice changes, cough, skin irritation, focal
infections). In parallel, VNS can demonstrate benefit in children
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with various types of epilepsy, especially for multifocal structural epilepsies or generalized seizures in patients with genetic
epilepsy (e.g., Dravet, Lennox-Gastaut) [42, 43, 44, 45, 46]. That
aside, seizure freedom, the result of VNS, is rare. Finally, there
is very recent evidence in the literature (i.e., retrospective review
of patient chart reviews) about the use of responsive VNS among
children with refractory epilepsy. Data is encouraging, showing
safety and utility, but more detailed research is required to support any sustained impact [47, 48].

Regarding childhood, we identified only three studies conducted over the last ten years in paediatric patients with pharmacoresistant epilepsy undergoing deep brain stimulation as an
adjunctive therapy [61, 62, 63]. (Table 3) Results are encouraging and the procedure well-tolerated, but the small number
of participants and the retrospective design do not permit us
to draw safe conclusions. Methods of evaluation of stimulation efficacy included visually counting interictal discharges
and seizures records during the pre-stimulation, stimulation, and
post-stimulation period. Prospective registries are essential to
identify the optimal target of brain stimulation and prognostic
factors.
TABLE 3 HERE
Although minimally invasive epilepsy surgery has a significant
potential to efficiently replace a number of conventional surgical
methods in selected cases, the full spectrum of possibilities of
these methods and their long-term impact compared to the conventional ones need more thorough investigation.

Increasing data about aspects of paediatric
epilepsy surgery

Open Access. Published by the JICNA

Minimally invasive methods: from the resection of an apparent
abnormality to the treatment of presumed lesions
Minimally invasive surgical methods, including stereotactic
thermoablation, stereotactic laser ablation, and radiosurgery,
promise to be beneficial to selected patients with particularly
small lesions (e.g., nodular heterotopias), small hypothalamic
hamartomas, restricted hippocampal sclerosis) [49].
Regarding the rest of the methods, in the literature, there is
emerging data about the efficacy of these methods in the paediatric age group, and we were able to identify seven original papers, all of which represent retrospective studies [50, 51, 52, 53,
54, 55, 56]. The surgical techniques used were MR-guided laser
ablation, thermal therapy, and endoscopic disconnection, and the
etiological background mainly included cases of focal cortical
dysplasia and hypothalamic hamartomas. (Table 2) Results are
encouraging, as most children are seizure-free (with or without
antiseizure medications), and no long-lasting complications have
been described. There are no available data about the impact of
minimally invasive surgical methods on these children’s longterm neurodevelopment and cognitive function.
On the other hand, it would be useful to highlight that many
of the aforementioned studies have a moderate-high risk of bias,
mainly due to the inadequate description of the outcomes and
sample size calculation. In some, the number of participants is
quite small (<10), and the short follow-up period inevitably decreases the level of evidence provided. (Table 2).
TABLE 2 HERE
With regard to neuromodulatory methods, brain stimulation is
increasingly adopted as a potentially curative, minimally invasive method of epilepsy by modulating cortical excitability and
remedying dysfunctional neuronal networks. There has been
an increasing body of evidence about its effectiveness in adult
patients with drug-resistant epilepsy, especially when resective
surgical procedures have failed to achieve seizure control. Outcomes are particularly favorable with stimulation of the centromedian nucleus of the thalamus and the anterior thalamic nucleus. In some studies, seizure freedom rates or seizure reduction often exceed 80%. However, it is noteworthy that in the vast
majority of these studies, seizure recording was self-reported and
not based on any kind of seizure diaries [57, 58, 59, 60].

Cognitive outcomes
Since the efficacy of resective or disconnective surgery with
regard to seizure control has been proven, it is plausible that the
interest is now being shifted to more long-term aspects of the
well-being of these children, and mainly to their neurodevelopment and long term cognitive outcome. The premise on which
we have advocated early surgery has always been to give children
optimal neurodevelopmental and psychosocial outcomes.
Indeed, there are multiple pathophysiological pathways that
are presumed to negatively affect cognitive function in children
with epilepsy and include the underlying epileptogenesis-related
neuronal dysfunction, the burden of uncontrolled seizures, the
adverse effects of antiseizure medications, as well as additional
genetic factors and environmental inputs [64, 65].
Epilepsy surgery would, therefore, theoretically be seen to exert a beneficial effect on cognition both directly (removal of a
brain lesion) and indirectly (better seizure control, withdrawal of
antiseizure medications).
Our literature search identified 48 original studies (45 retrospective and three prospective) over the last ten years about cognitive outcomes in children after epilepsy surgery [3, 66, 67, 68,
69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112] (Table 4). There are two main types of study: i) those comparing
pre- and post-surgical cognitive outcomes and ii) those comparing cognitive outcomes between children undergoing and children not undergoing epilepsy surgery (Table 4). Studies of the
first type have shown encouraging results, mainly in the stabilization of cognitive function and improvement in some aspects of behavior and neurodevelopment, which, however, are
not consistent between studies. On the other hand, most of
the studies of the second type have not identified a real difference in cognitive performances between the surgical and nonsurgical treatment of epilepsy after a follow-up period of 1-7
years [81, 82, 83, 84, 85, 86, 87, 88, 89]. Only the single-
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center randomized trial by Dwivedi (2017) significantly favored
epilepsy surgery against antiseizure medications with regard to
behavioral aspects, although the intelligence quotient did not
show any significant difference [3]. However, it should also be
highlighted that the follow-up period was only 12 months in this
study.
TABLE 4 HERE
The multivariate regression analysis revealed that cognitive
development after surgery strongly depends on the duration of
epilepsy (shorter duration associated with better cognitive outcome), pre-surgical developmental status, and is also associated
with underlying etiology [67, 70, 71, 72, 76, 79, 81]. Nevertheless, in some studies, better cognitive outcomes are correlated
with lesser antiseizure medication load [71, 109], a finding implying that epilepsy surgery can positively influence by decreasing the burden of antiseizure medications, but this is discussed in
more detail below.
We identified 14 studies focusing on language function among
patients undergoing epilepsy surgery [69, 74, 75, 82, 83, 84, 86,
87, 88, 91, 92, 93, 94, 95]. According to their findings, language
aspects (e.g., lexical breadth and depth) did not show significant
deterioration after epilepsy surgery, and even some improvement
could be noticed with the baseline language scores, the baseline
IQ, and older age at epilepsy onset representing positive prognostic factors [86, 94]. The results were also encouraging for children with ESES and language impairment undergoing surgery
[83]. It is interesting to mention that the drop in verbal memory
scores among patients undergoing temporal resection appeared
to depend on the side of the resection (right VS left) and the pattern of language representation (typical VS atypical) [74, 82].
In terms of methodology, 3 basic concepts need to be highlighted: duration of follow-up, age of cohorts, and differences
between individual and group data. More specifically, Skirrow
et al. (2011) were able to identify a significant increase in IQ
scores in children undergoing epilepsy surgery after a minimum
period of follow-up of 5 years, while in the same study anonsurgical group did not demonstrate significant improvement; as
IQ changes were only seen ≥ 6 years after surgery, authors discuss whether a prolonged period of post-surgical follow-up may
sometimes be needed to see a real improvement in cognitive
skills [109]. However, according to the results of our review, this
is not always true, as other studies with long follow-up periods,
such as those by Lee et al. (mean follow-up7 years) and Puka
et al. (mean follow-up12.7 years), do not necessarily identify
significant improvement in cognitive outcomes [81, 99].
In parallel, it has been shown by Helmstaedter et al. (2019)
that a younger age of patients is associated with better outcomes,
including IQ score, memory, and language skills; this finding is
quite plausible since younger age often implies shorter seizure
duration [71]. Nevertheless, this difference is not always confirmed by studies based on young age cohorts [90]. At the same
time, the issue of individual versus group data needs to be considered. Although significant improvement in cognitive skills
after surgery may be present on a group level, individual losses
often co-exist and should be evaluated, and their potential causes
thoroughly investigated [97, 98].

In any case, it would be an omission if we did not comment
on the significant heterogeneity among all these studies with regard to the size of the sample, underlying pathology, surgical
techniques, how cognitive outcomes are reported (e.g., absolute scores, change from baseline, non deterioration, degree of
parental satisfaction), as well as the tools used to measure cognitive outcomes. In this way, considerable bias is introduced in the
interpretation of their findings, and the comparison of different
studies becomes tricky. Furthermore, 30 out of 32 papers represent retrospective studies where cognitive outcomes are not the
primary outcomes in most. These two facts inevitably reduce the
level of evidence provided.
The well-known Hippocratic principle “first, do no harm” is
fulfilled when we consider the relationship between paediatric
epilepsy surgery and cognitive outcomes; however, a clear benefit on future neurodevelopment of these children or any superiority compared to other treatments has not yet, been proven.
At the same time, as the number of studies evaluating co gnitive outcomes after epilepsy surgery increases, the concept of
what we call “safety profile” is broadened; safety evaluation now
focuses on major perioperative adverse events and includes the
long-term neurodevelopmental potential of these children.
Although no study can address all methodological issues, analysis of findings by age and longer follow-up periods might be
prioritized by researchers in the future.
Neurobehavioural Co-morbidities
A series of neurobehavioural co-morbidities (e.g., autism
spectrum disorder, attention/deficit hyperactivity disorder) are
present in children with epilepsy at higher rates compared to the
general paediatric population and exert an accumulative negative effect on their psychosocial outcome. Their prevalence is
particularly high in children referred for epilepsy surgery [113].
Results from cross-sectional analyses show that the co-existence
of autism or cognitive disabilities in these patients is associated
with poorer long-term seizure outcomes after resective surgery.
However, this does not mean that a worthwhile improvement
cannot be achieved. It should be highlighted that deterioration
in some cases noticed one year after the initial surgery may have
been related to the emergence of a child’s personality following
seizure control and weaning of medication [114].
On the other hand, data from cohorts of children with epilepsy
and autism undergoing surgery has shown that surgery can
also improve many behavioral aspects, including aggression and
aberrant behavioral patterns. This finding implies that some behavioral problems often encountered in these children could be
attributed to their underlying refractory epilepsy [115]. Similarly, according to Reilly et al. (2019), parent-rated symptoms of
attention deficit and hyperactivity improved at 2-year follow-up
after epilepsy surgery [116]. (Table 5)
TABLE 5 HERE
All the aforementioned findings highlight the need for further investigation of the pathophysiological relationship between
epilepsy and co-morbidities, as they are part of the same disorder.
A child with a specific genetic background may have a widely
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abnormal neuronal network, which is difficult to completely localize, or may also be prone to developing an alternative epileptogenic area [117]. Appropriate identification of such prognostic
factors could provide useful information for more targeted counseling of families considering epilepsy surgery. Furthermore,
better training for clinicians involved in paediatric epilepsy care
about co-morbidities would be of paramount clinical importance
[118].

healthcare systems is highlighted in the literature and should also
be taken into account. Prideaux et al. recently studied children
with drug-resistant epilepsy and reported remarkable delays between seeing a neurologist and being evaluated in an epilepsy
surgery clinic, as well as between potential indications for a surgical evaluation to agreed surgical candidacy [126]. A number
of studies have also revealed that a significant proportion (up to
25%) of caregivers of children with active epilepsy, even with
poor seizure control, may be reluctant or skeptical about surgical
treatment (Table 8). This attitude is significantly correlated with
specific traits of a patient’s social profile [127, 128, 129]. Shen et
al. (2018) have shown that most parents whose children have undergone epilepsy surgery believe that benefits would be greater
if this had happened earlier. Furthermore, they are more likely
to accept a lower likelihood of seizure freedom and deficits after surgery than their physicians [130]. Whether underutilization
of epilepsy surgery services reflects only parental wish or clinicians’ uncertainty also plays a role is open to discussion [131].
TABLE 8 HERE
From this point of view, a potential delay in referring children
to epilepsy surgery centers can negatively impact the wide utilization of this treatment.
Nevertheless, the same studies have also shown that cautious guidance and sensitive counseling of caregivers along
with appropriate education of neurologists can dramatically alter parental views about the surgical management of epilepsy,
while the potential contribution of centralization of some children’s epilepsy services also needs to be explored (Figure 3)
[132].
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Timing of antiseizure medication withdrawal
We identified in the literature a total of 3 studies over the last
ten years about the timing of antiseizure medication withdrawal
in children after surgery and seizure outcomes [119, 120, 121].
The time of starting the withdrawal ranged from 6 months to 2.7
years. (Table 6) TABLE 6 HERE
The TimeToStop study, a pan-European study based on a paediatric epilepsy surgery cohort, aimed at investigating how various potential determinants of seizure recurrence related to time
to relapse after surgery [120]. This study showed that the time
interval to antiseizure medication reduction was the only independent prognostic factor of seizure relapse. This fact implies
that an early withdrawal of antiseizure medications does not actually affect the final seizure outcome but just unmasks an unsuccessful surgical procedure [120, 121]. Multivariate analysis
in the study by Choi et al. (2019) has shown that incomplete resection and epileptic discharges on postoperative EEGs are significant predictors of seizure recurrence [119]. Data from retrospective studies also imply that antiseizure medication withdrawal after surgery is associated with an improvement in intelligence quotient and psychomotor development in paediatric
patients [122, 123]. (Table 7)
TABLE 7 HERE
A randomized trial aimed at comparing cognitive function between children with early and children with late drugs withdrawal after surgery, however, could not be undertaken; in practice, the vast majority of the parents strongly preferred an early
withdrawal and, subsequently, the “time to stop” was “now”
[124]. Data, therefore, suggest that antiseizure medication withdrawal should be an aim of epilepsy surgery and should be considered earlier rather than later.

How early is too early?
As most epilepsy experts agree that “the earlier, the better” and
since surgery can provide the possibility of a cure in many cases,
one might consider that children with well-controlled seizures,
the result of circumscribed lesions could also be eligible for surgical management of their epilepsy to avoid the burden of antiseizure medications. No studies balancing the benefits and risks
of surgery in this population are available, as plausible ethical issues slow the conduction of clinical trials in this field. However,
according to Braun et al. (2018), surgery in children with noneloquent well-defined lesions could be an option, even if seizure
control is still good, given that the risk of complications remains
relatively low [16] (Figure 3).
It has already been discussed in previous sections of this review
that epilepsy surgery can be associated with beneficial neurodevelopmental outcomes, and shorter seizure duration predisposes
to this. In addition, there are specific pathological entities common in childhood (e.g., glioneuronal tumors, vascular and cortical malformations) that are associated with excellent rates of
postsurgical seizure freedom. In contrast, spontaneous seizure
remission in these cases is relatively rare. It should also be mentioned that, particularly for children with suspected low-grade
tumors, diagnosis and classification on a molecular level could
permit more targeted approaches in the future [16].

Dilemmas arising
Is the best the enemy of the good?
Current trends in paediatric epilepsy favor early interventions.
The belief is, “time is brain”. Indeed, early surgical treatment
of drug-resistant epilepsy is presumed to preserve neuronal networks and protect the brain from prolonged exposure to seizure
burden, permitting earlier discontinuation of antiseizure medications and improving cognition and psychosocial outcomes [125].
However, how feasible is an early intervention given the extensive pre-surgical investigations and the coordination of many different medical and non-medical specialties that may be required?
At the same time, the underuse of epilepsy surgery in many
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increased over the last years alongside a decrease in their cost
[140], the resource burden of epilepsy surgery and pre-surgical
screening procedures is still heavy in many parts of the world.
This fact inevitably exacerbates disparities between different nations [141, 142]. This can be to the extent that assessment of
whether drug-resistant epilepsy is present cannot be confirmed
[143]. From this point of view, in the setting of well-defined
lesional cases based on ictal EEG and neuroimaging, epilepsy
surgery could be considered a more viable and definitive intervention.
In general, strategies to reduce the cost of epilepsy surgery for
low-income populations need to be discussed [144]. Some research groups have suggested selection criteria for specific types
of epilepsy surgery (extra-temporal, anterior temporal lobectomy, hemispherectomy, focal lesionectomy), which are mainly
based on EEG and MRI findings and could be applied in poorresources settings, especially in those lacking Level 2 centres
[25, 145, 146]. In addition, “when to stop” criteria could be helpful in terms of avoiding prolonged investigations in non-eligible
children. This is particularly significant, as even minimally invasive diagnostic procedures (e.g., SEEG) may be associated with
complications.
Although none of the aforementioned studies were conducted
in a pure paediatric population, their findings and suggestions
could also be applied to paediatric patients. Although the focus
on individualized treatments has been the hallmark of medical research over the past decades, emerging public health challenges
and social turmoil underscore the need for flexible healthcare services responding to changing needs, and epilepsy surgery has
also to be in line with the trends of the time [146].
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The interplay between genotype and phenotype
The relationship between genetic findings and surgical outcomes in patients with epilepsy is complex. Studies investigating the correlation of the genotype of specific brain lesions
with the outcome of epilepsy surgery are extremely few, with
quite heterogeneous endpoints and subsequently emerging questions that outweigh available answers. A significant part of
their molecular genetic findings converge on various levels of
PI3K/AKT/mTORpathway [133]. Although the genetic background does not always reliably predict the phenotypic manifestations, it seems that surgery in children with pathologic variants
affecting the mTOR pathway is associated with a better prognosis considering their likely association with a structural brain
abnormality compared to variants affecting ion channel function,
synaptic transmission or cell-cell adhesion [133].
Children with focal malformations of cortical development
are usually very good candidates for surgical management of
epilepsy. It is also suggested in the literature that an underlying genetic cause leading to a specific morphological abnormality and discrete histopathological findings could potentially affect the likelihood of seizure freedom after surgery and the risk
of recurrence [134, 135]. In these cases, it is essential that the
possibility of dual pathology be considered, especially for relatively common entities. A recent retrospective multicentre analysis of patients carrying SCN1A variants who underwent epilepsy
surgery showed that a clear electroclinical phenotype of Dravet is
not associated with good surgical outcomes, even in cases with
well-defined lesions. However, when the Dravet phenotype is
not predominant, patients with an isolated epileptogenic focus in
association with an SCN1A variant could benefit from a surgical
approach [136]. In other words, in the presence of genetic variants, the phenotypic expression most often guides appropriate
management.
At the same time, focal cortical dysplasias comprise a broad
spectrum of disorders, and it is often hard to identify significant
clinical factors suggestive of the outcome of surgical treatment
[137, 138]. Therefore, molecular findings in children with focal brain malformations should be systematically investigated,
as they could contribute to a better stratification of these patients,
which may prove to be of crucial importance in terms of accurate
diagnosis and individualized approach (Figure 3).

What can we learn from the evolution of paediatric
epilepsy surgery?
Having a closer look at the milestones in epilepsy surgery history and the challenges we have encountered, one realizes that a
series of valuable lessons could be learnt. First of all, the advent
and wide implementation of epilepsy surgery in children have
had a remarkable effect on how these patients are treated. The
requirement for an extensive pre-surgical work-up has significantly improved and broadened the way paediatric patients with
epilepsy are approached and evaluated, upgrading the quality of
care provided. New complex needs and problems of this population have been identified, and this fact has contributed to a deeper
understanding of additional aspects of this disorder. At the same
time, thorough pre-surgical investigations remind us of the need
for multidisciplinary assessment of patients with complex health
needs before applying any kind of treatment. In parallel, the
advances in the pre-surgical investigational tools permit an individualized approach to these children and introduce a different
type of precision medicine, which does not necessarily require
genetic testing.

Epilepsy surgery and social inequalities
Although, in many cases, epilepsy diagnosis and management
are simple and straightforward, in some others, definite diagnosis, classification, and therapeutic approach are the source of significant controversy [139]. An accurate diagnosis often needs
advanced investigations not easily available in all healthcare systems, and subsequently, the approach to a patient with epilepsy
may reflect the resources and the socioeconomical status of a
country. These discrepancies are also reflected in the field of
epilepsy surgery.
It is noteworthy that access to antiseizure medications remains
inadequate in some limited-resources countries. More specifically, although the availability of antiseizure medications has
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Figure 3. Major steps in the field of paediatric epilepsy surgery and arising challenges.

As new therapies are added, and existing therapies are refined,
it is obvious that comparing various aspects of different treatment options will be a routine practice. Clinicians should also be
familiar that decisions about any management strategies need to
be based on validated evidence.
In general, the development of epilepsy surgery has paved the
way for future innovations in paediatric epilepsy and provided
an essential framework for how these children should be approached and investigated.
At the same time, challenges in paediatric epilepsy surgery reflect general challenges in epilepsy management. Whereas the
clinical approach to some patients is clear and indisputable, some
other cases may be associated with controversy in terms of the

extent of the surgical procedure or even its necessity and, therefore, require a reasonable balance of benefits and risks and management in a high-level specialist epilepsy centre with accumulated experience. In other words, epilepsy surgery development
is a gentle reminder of two innate features of epilepsy, which are
complexity and heterogeneity. It is an imperative reminder of a
fundamental principle of paediatric care. The wide availability
of antiseizure medications often makes us forget; that the aim
is to address children’s needs, improve their lives, and not just
achieve symptom control. In summary, the history, the progress,
and the challenges associated with epilepsy surgery in children
are teaching us basic lessons about the medical approach to child
health promotion.
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Limitations

Abbreviations

Our review presents some limitations. First of all, due to the
increasingly emerging number of papers about epilepsy surgery
in childhood, we had to restrict our search and focus on studies
published over the last ten years and on those having specific and
well-defined outcomes. Studies fulfilling our selection criteria
exhibited heterogeneity with regard to the selection of the population, sample size, type of epilepsy, and underlying etiology, as
well as definition and measurement of the main outcomes. This
variability inevitably limits the comparability of the results between different studies. The vast majority of the articles selected
represented retrospective studies and only one randomized trial
was identified, which decreases the evidence level. The assessment of risk bias in the selected papers was based on the authors’
judgment. Similarly, the areas highlighted in our manuscript as
the current challenges in paediatric epilepsy surgery were selected according to the personal judgment of the authors. In this
way, some degree of bias might have been introduced in presenting current literature data.
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Epilepsy surgery has a definite role in managing children with
drug-resistant focal onset epilepsy allowing seizure freedom and
an early reduction of the antiseizure medications. The long-term
effect on multiple aspects of neurodevelopment needs to be more
thoroughly investigated. At the same time, efforts should also
be made to increase its utilization. The protection of cognitive
function must always be a priority, and the use of additional endpoints when designing studies could permit a more global evaluation of epilepsy surgery outcomes. Minimally invasive methods promise to minimize the risks and multiply the benefits for
the patients and undoubtedly represent a featured goal for future research. At the same time, the embodiment of data about
genotype into clinical practice paves the way for more targeted
approaches. In addition, rendering surgical treatment of epilepsy
more accessible for patients in healthcare systems with low resources is still an open challenge, given that new technologies
mainly drive its most emerging advents. It is precisely this attempt for generalization of the use of epilepsy surgery, but in
carefully selected children and with the least invasive methods,
that makes future clinical research in this field more than a challenge.
Finally, aspects of epilepsy surgery in childhood have long
been investigated; its possibilities to benefit paediatric patients in
all fields of their lives are yet to be fully explored. The balance
between potential and limitations needs to be always considered. Like most medical breakthroughs, so does epilepsy surgery
have the traits of “Lernaean Hydra”: for every problem that is
“chopped off”, new and more complex challenges and dilemmas
arise. . .
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Table 1. Studies about the use of stereoencephalography in children with drug-resistant epilepsy (FCD: focal cortical dysplasia, m:
months, ON: optic navigation, RA: robot-assisted, SEEG: stereoencephalography, SOZ: seizure onset zone). The risk of bias was
calculated based on ROBINS-I tool.

Study

Year

Population

Study type

Findings

Risk
of bias

Zhao [23]

2020

20 children with drugresistant epilepsy (16
unilateral, 4 bilateral,
189 electrodes in total)

Retrospective

Low

Kim [24]

2020

• 13: tail resection, 7: radiofrequency thermocoagulation
• After a mean follow-up of 2.65 y:
13 ILAE class 1, 2 class 2, 3 class
3, 1 class 4, 1 class 5
• 1 patient : electrodes displacement, 2 patients : pneumocephalus
SEEG patients (compared to SDE):
• ↓ operative time, ↓ length of stay,
↓ days in ICU
• similar seizure outcomes
• ↓ pain scores
No complications in both
• No complications

Retrospective
38 children with drugresistant epilepsy (22
SEEG, 16 SDE)

Sharma
[25]

2019

26 children with drugresistant epilepsy (14 RA
SEEG, 6 ON SEEG), 817 electrodes/patient

Retrospective

McGovern
[26]

2018

57 children with drugresistant epilepsy underwent 64 SEEG procedures, 12.4 electrodes
placed per implantation

Retrospective

CandelaCantó [27]

2018

14 children with drugresistant epilepsy underwent SEEG (164 electrodes implanted in total)

Prospective

18

• ON: significantly ↑ median target
point & median entry point localisation error
• SEEG analysis: definable epileptogenic zone in 51 (89%) patients
• 74% underwent surgery, and 50%
of them were seizure-free 19.6 m
later
• 1 patient: symptomatic haemorrhage with permanent neurological
deficit
• Median entry point localization
error 1.57 mm & median target
point localization error 1.77 mm
• intraoperative technical issues in
7, aseptic meningitis in 1, right
frontal hematoma in 1
• Preimplantation enquiries were
answered in 12/14 patients
• 10 underwent surgery (resection
or disconnection),1 thermocoagulation

Low

Low

LowModerate

Moderate
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(Table 1 continued)
Study

Year

Population

Study type

Findings

Risk
of bias

Ho [28]

2018

20 children with drugresistant epilepsy who
underwent RA SEEG
(11.1 electrodes per
patient)

Retrospective

Moderate

Goldstein
[29]

2018

25 children with drugresistant
epilepsy
underwent 30 SEEG
procedures (342 electrodes implanted in
total)

Retrospective

Abel [30]

2018

35 children with drugresistant epilepsy undergoing SEEG (17 RA, 18
Talairach frame-based)

Retrospective

Taussig
[31]

2016

48 children with drugresistant epilepsy undergoing SEEG
Group 1: 17 children (<5
y)
Group 2: 31 children (≥
5 y)

Retrospective

• Mean radial error: 1.75 ± 0.94
mm
• Mean operating time was 10.98
minutes/lead, with improvements in
total (33.36 minutes/lead vs. 21.76
minutes/lead) & operative (13.84
minutes/lead vs. 7.06 minutes/lead)
case times/lead over the course of
the study
• 95%: clinical useful data &
surgery performed; 50% of them
Engel class I 3 m later
• No postoperative complications
• SEEG localized the hypothetical
SOZ in 23 of 25 patients (92%); 18
patients have undergone definitive
surgical intervention (15 with ≥ 6m
follow-up: 53% Engel I, 40% Engel
II or III)
• No major complications (1: electrode deflection, 2: electrode infection)
• No differences in complication
rates, rates of resective epilepsy
surgery, or seizure freedom rates
between 2 groups
• 1: transient paraesthesia with
2 subdural haematomas, 3: minor
asymptomatic intracranial bleeding
• 1 patient: slight intracerebral
haemorrhage

Dorfmüller 2014
[32]

LowModerate

LowModerate

Moderate

• All underwent surgery

Retrospective
19 children with drugresistant epilepsy and
FCD

• Group 1: significantly ↓ Interictal
spikes and slow waves outside the
resection zone
• Group 1: no auras
• No complications
• Epileptogenic zone was identified
in all children
• All children underwent surgery
• 845: seizure-free at a mean
follow-up of 29 m

19

Moderate
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(Table 1 continued)
Study

Year

Population

Study type

Findings

Risk
of bias

Taussig
[33]

2014

65 children with drugresistant epilepsy undergoing SEEG
Group 1: 21 children (<5
y)

Retrospective

• No complications

LowModerate

Retrospective

• SEEG led to surgery in 78% of
patients (90.5% in group 1; 73% in
group 2), after a second invasive investigation in 9.2 % of patients
• Engel class 1 was reported for
67% of patients (79% of patients in
group 1 and 59% in group 2)
• 60% underwent resection

Group 2: 44 children (≥
5 y)
GonzalezMartinez
[34]

Cossu
[35]

2014
60 children with drugresistant epilepsy undergoing SEEG

2012

15 children with drugresistant epilepsy undergoing SEEG

Retrospective

20

• 13.3%: failure to localise
• 55.5% Engel class I 27.7% Engel class II or III) at the end of the
follow-up period (mean, 25.9 m)
• 1 patient int caps infarct, 1 patient
CSF leakage
• 1 patient died the day following
electrode placement due to massive
brain edema and profound hyponatremia of undetermined cause
• 13/14: received operations (microsurgical resections)
• Of the 10 patients with a postoperative follow-up of at least 12 m,
60%) Engel Class Ia, 20% Engel
Class II, 20% Engel Class IV

Low

Moderate
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Table 2. The effect of minimally invasive methods on the outcomes of epilepsy surgery in children with drug-resistant epilepsy
(ASM: antiseizure medications, FCD: focal cortical dysplasias, HH: hypothalamic hamartomas, MTS: mesial temporal sclerosis, PH:
periventricular heterotopias, TS: tuberous sclerosis). The risk of bias was calculated based on ROBINS-I tool.

Study

Year

Population

Study type

Findings

Risk
of bias

TovarSpinoza
[50]

2018

7 children of mean age
6.6 y with cortical tubers
undergoing
magnetic
resonance-guided laser
interstitial thermal therapy

Retrospective

After a mean follow-up of 19.3 m:

Moderate

12 children of mean age
11.1 y with HH, FCD,
PH, MTS, TS undergoing MR-guided laser interstitial thermal therapy

Retrospective

• 100%: reduction in seizure frequency
• 71.4%: reduction in ASM
• No perioperative complications
After a mean follow-up of 10 m:

Low

Retrospective

• 66.7%: seizure-free (Engel I)
• 16.7%: significant improvement
(Engel II)
• 16.7%: worthwhile improvement
(Engel III)
• Left superior quadrantanopsia in
1 patient postoperatively
After an 1-y follow-up:

Moderate
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Fayed
[51]

Curry
[52]

Southwel
[53]

2018

2018
46 males with HH undergoing MR-guided laser
ablation

2018

Retrospective
5 males of 9.8 y undergoing MR-guided laser ablation of HH

21

• 93%: free of gelastic seizures
• 12%: seizure-free & free of any
ASM
• Complications: worsening of diabetes insipidus (1), deficit in shortterm memory from left-sided mammillary body injury (1), delayed
wound healing (4), hyponatremia
(3), temporary increase in nongelastic seizures (9)
After a follow-up period varying
from 7 to 45 m:
• 3 patients: seizure-free (Engel I)
• 2 patients: worthwhile improvement (Engel III)
• Complications: precocious puberty in 1 patient

Serious
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(Table 2 continued)
Study

Year

Lewis
[54]

2015

Calisto
[55]

Curry
[56]

Population

Study type

Findings

Risk
of bias

Retrospective

After a follow-up period of 16.1 m:

Serious

20
children
(mean
age 11.8 y with HH
undergoing either conventional disconnection
by monopolar coagulation (13) thulium 2-µm
laser disconnection (7)

Retrospective

• 41%: Engel class I
• 6%: Engel class II
• 18%: Engel class III
• 35%: Engel class IV
• Complications in 8 patients
(mainly technical errors)
After a follow-up period of 12 m:

Serious

5 children of age 5-16
y with FCD, HH, TS
undergoing MR-guided
laser interstitial thermal
therapy

Retrospective

• Monopolar coagulation: Engel
class I or II in 61.5%
• Laser disconnection: Engel class
I or II in 85.7%
• Immediate postoperative complications: 53.8%of patients who underwent monopolar coagulator disconnection & 28.6%of patients who
underwent laser disconnection
• No complications persisted at the
12-month follow-up
After a follow-up period of 2-13 m:

Serious

17 children of mean
age 15.3 y with FCD,
HH, TS undergoing MRguided laser interstitial
thermal therapy

2014

2012

• All 5 seizure-free
• 2/5: Engel I
• No complications

22
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Table 3. Studies about the effect of brain stimulation on children with drug-resistant epilepsy (d: day, DBS: deep brain stimulation, m:
months, SCS: subacute cortical stimulation, y: years). The risk of bias was calculated based on ROBINS-I tool.

Study

Year

Population

Electrodes placement

Study type

Findings

Risk
of bias

Sa [61]

2019

2 patients with FIRES
after treatment with
Anakinra: (i) 9-y boy
with focal seizures and
secondary
generalisation, (ii) 5-y boy with
generalized seizures

Centromedian thalamic
nuclei

Retrospective

Reduction in generalized seizures
(i) 15 m later: still on
Anakinra, short focal
seizures with an average of 2-5 per month,
good motor & cognitive function
(ii) 18 m later: vegetative state with frequent focal seizures

Low

Kokoszka 2018
[62]

2 patients with drugresistant epilepsy: (i) 14y boy with cortical dysplasia, (ii) 9-y old girl
with left watershed infarct

(i) Bil anterior thalamic
nuclei

Retrospective

(i) after 19 m of
follow-up:
seizure
frequency from 1530/d to 3/d
(ii) after 21 m of
follow-up:
seizure
frequency from 12/m
to 2/m

Low

Retrospective

(i) SCS: 4 improvement in seizure frequency >50%, 1 no
improvement
(ii) DBS: 2 improvement in seizure frequency>60%, 1 no
improvement

Moderate

Valentin
[63]

2017

8 children with drugresistant epilepsy 6- 15y

(ii) epileptogenic zone
in the left posterior
frontal and parietal
lobes
(i) 5 children: SCS

(ii) 3 children: DBS
(centromedian& anterior thalamic nucleus)

23
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Table 4. Original studies about cognitive outcomes in children with drug-resistant epilepsy after epilepsy surgery (DNT: dysembryoblasticneuroepithelial tumor, (G)DQ: (Global) Developmental Quotient, EEG: electroencephalogram, ESES: Electrical Status Epilepticus in Sleep, FCD: Focal Cortical Dysplasia, FSIQ: Full-scale Intelligence Quotient, IQ: Intelligence Quotient, GNT: Glioneuronal tumor,
LEAT: Low-Grade Epilepsy-Associated Tumor, y: years). The risk of bias was calculated based on ROBINS-I tool and Cochrane Risk
of Bias Assessment Tool (for Dwvivedi et al. study).

Study

Year

Population

Study type

Leal [66]

2020

50
children
(mean
age 8.2 y) undergoing
epilepsy surgery

Retrospective • 42%: moderate or severe intellectual disability

Ko [67]

2020

Marashly [68]

2020

Grayson [69]

2020

Skirrow [70]

2019

Helmstaedter
[71]

Benova [72]

2020

2019

58 children with LEATs
(mean age 10.2 y) undergoing epilepsy surgery
14 patients 3-14 y undergoing surgery for ESES
(hemispherectomy, focal
resection)
160 children with tuberous sclerosis-19 undergoing surgery (3-21 m)

52 children (mean age 14
y) undergoing epilepsy
surgery (focal resection)

306 children (mean
age 5.5 ± 4.1undergoing epilepsy surgery
(hemispherectomy, focal
resection)

203 children (<19 y)
undergoing
epilepsy
surgery
(unilobar/multilobar/focal
resection, hemispherotomy,
Hemispherectomy)

Findings

• At 2-year follow-up: 36% maintained
similar deficits
Retrospective Postoperative cognitive abilities were significantly influenced by epilepsy duration

Risk
of bias
Low

Low

Retrospective No significant change after surgery in intellectual functioning, adaptive functioning,
attention problems

Moderate

Prospective

Moderate

Vineland Adaptive Behavior Scales 2nd
ed, Mullen Scales of Early Learning,
Preschool Language Scales 5th ed after 1224 m:
• The surgical group scored the lowest.
• Favorable surgical outcome was associated with increased Mullen Scales of
Early Learning receptive and expressive
language subscores.
Retrospective • Applying a ≥ 10-point change threshold,
39% in IQ,10% decline in IQ after surgery
• Clinical factors associated with IQ increase: lower preoperative IQ, longer
follow-up duration
Retrospective • Preoperatively 85% cognitive impairments, 71% behavioral problems

• 1 year after surgery: 21-50% improvement in cognition (from impaired to unimpaired)
• Seizure freedom, younger age at evaluation, later onset age, lower antiseizure
medication load, less baseline damage:
predicted better outcomes
Retrospective Epilepsy surgery tends to improve postsurgical IQ/DQ, most significantly in patients with lower pre-surgical IQ/DQ
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(Table 4 continued)
Study

Year

Population

Study type

Wang [73]

2019

12 children 4.5-15 y undergoing posterior

Retrospective After a median of 28-month follow-up:
significant linear relationship between improvement in IQ &operative age

ModerateSerious

Retrospective Verbal associative memory scores 12 m
later:

Low

Open Access. Published by the JICNA

Danguecan
[74]

Hoppe [75]

Kadish [76]

2019

2019

2019

quadrantic disconnection
65 children (6-18 y)
with LTLE or RTLE
undergoing combined
mesial/lateral resection
VS only lateral resection

96 children 5-17.5 y
undergoing
epilepsy
surgery

48 children 1.1 ±
0.7
y
undergoing
epilepsy surgery (hemispherotomy,
multilobar/intralobar resection)

Findings

• post-surgical ↓ only in L resection (nonsignificant)
• L resection: ↓ in lateral+mesial>lateral
(non-significant)
• Typical language group: ↓ in L lateral+
mesial (significant)
• Atypical language group: ↓ in L lateral
group (trend)
Retrospective Parental questionnaires about neuropsychological performance 12 m later:
• Improvements: language, memory, executive functions, attention, school
• Unchanged: Visuospatial abilities
• 35%: decline in ≥ 1 domain
• Later onset of epilepsy: better scores
• Seizure-free, low ASM load: postsurgical improvement
Retrospective • Cognitive & developmental impairment
in 89%

Risk
of bias

Low

Moderate

• Longer epilepsy duration &larger lesion
extent determined the postsurgical developmental outcome
Baba [77]

2018

Faramand
[78]

2018

56 patients (mean age
22.6 m) with West syndrome undergoing callosotomy
150 children with GNTs
(mean age 9.2 y) undergoing resective surgery

Retrospective After a mean of 36-month follow-up: good
seizure outcomes prevented declines in
neurodevelopment

Low

Retrospective • No significant difference between pre- &
post-operative FSIQ

Moderate
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(Table 4 continued)
Study

Ramantani
[79]

Open Access. Published by the JICNA

Dwivedi [3]

SierraMarcos [80]

Puka [81]

Year

2018

2017

2017

2017

Population

75 children 10.0 ± 4.9
y with FCD/brain tumors
undergoing frontal lobe
resection

116 children (0.8-17
y) with drug-resistant
epilepsy (57 surgery, 59
non-surgery)

55 children 3-10 y
with posterior complex
epilepsy
undergoing
epilepsy surgery (lesionectomy,
tailored
resection)

97 children 5.5-16.5 y
of whom 61 undergoing epilepsy surgery (lesionectomy, lobectomy,
corticectomy)

Study type

Findings

Risk
of bias

• After a median of 2-year follow-up: 61%
gain in FSIQ, 36.5% decline & 2.5% no
change
Retrospective After a mean of 8-y follow-ups:

• Cognitive outcomes remained stable in
the majority of patients
• Presurgical higher performance & tumors: better cognitive outcomes
After 12 months of follow-up:

Low

• 77% seizure-free in the surgery group VS
7% in the non-surgery (p<0.001)
• Behavior & maturity scores: significantly better in the surgery group
• Intelligent scores: no difference
Retrospective After a mean of 3.5-y follow-up:

Low

• 65%: improvement of neuropsychological performances
• 23.22%: improvement in verbal memory; this improvement was sustained at 5
years in 16%
• decline in none
Retrospective After a mean of 7-y follow-ups:

Low

Prospective
(randomized singlecenter trial)

• Similar cognitive outcomes between surgical and non-surgical patients
• Low pre-operative scores were predictive of improvement over time, whereas
high pre-operative scores were predictive
of high scores at follow-up
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(Table 4 continued)
Study

Year

Population

Study type

Law [82]

2017

23 children 5.5-18 y undergoing L or R TLE
surgery sparing or not
mesial structures

Retrospective Verbal memory changes 12 m later using a
list learning task:

Open Access. Published by the JICNA

Groppel [83]

Sibilia [84]

Puka [85]

Meekes [88]

Puka [86]

2017

2017

2016

2016

2016

11 children with ESES
VS 21 without ESES
undergoing hemispherotomy (10 m-11.5 y)

31 children 17 m-15
y undergoing epilepsy
surgery VS 14 controls
surgical candidates

88 children 9-16 y of
whom 53 underwent respective epilepsy surgery

16 children 12.6 –15.8
undergoing
epilepsy
surgery VS 32 healthy
matched controls

97 patients 4-18 y of
whom 61 underwent
epilepsy surgery

Findings

Risk
of bias
Low

• ↓ only in the L, including mesial structures
• Risk factors: typical language representation& intact preoperative verbal memory
• Post-surgical seizure status: no effect
Retrospective Language quotients after 3 m & 12 m:

Low

• In remission of ESES after surgery,
language improvement was bigger than
seizure-free children without preoperative
ESES
Retrospective IQ & GDQ at 12 & 24 m of follow-up:

Low

• No difference in scores between surgical
and non-surgical groups at 24 m
• Surgical group: better outcomes at 12 m
in digit span scores and Rey recall scores
Retrospective After a mean of 7-y follow-ups:

Low

• Memory outcomes were affected by
seizure control, not surgical status
Retrospective Dutch version of the controlled oral word
production task at 0, 6, 12, 24 m:

LowModerate

• Lexical breadth and depth do not deteriorate after epilepsy surgery
Retrospective After a mean follow-up of 7 y assessment
with Boston Naming Test,

LowModerate

vocabulary subtest of the Wechsler
Intelligence scales & letter and semantic
(animal) fluency:
• Scores across language tasks were similar at baseline and follow-up.
• Older age at epilepsy onset, higher IQ,
higher baseline scores: ↑ follow-up scores
on all language tasks
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Year

Population

Study type

Puka [87]

2016

97 patients 4-18 y of
whom 61 underwent
epilepsy surgery

Retrospective Wechsler Individual Achievement Test,

Open Access. Published by the JICNA

Law [89]

Shurtleff
[90]

Bulteau
[92]

Skirrow
[91]

2015

2015

2015

2015

187 children 7.5-11.5 y
of whom 147 underwent
epilepsy surgery

15 cognitively intact
children 2-6 y who
underwent
epilepsy
surgery (focal resection)

6 children 8.4 -14.6y underwent L hemispherotomy for Rasmussen encephalitis

53
children
with
epilepsy-42
underwent L or R temporal
lobe resection (mean age
13.8y)

Findings

Risk
of bias
LowModerate

Wechsler Fundamentals Academic Skills,
Wide Range Achievement Test at baseline,
1y, 7y:
• At 7y arithmetic scores lower in all groups,
reading & spelling scores unchanged
• No difference between surgical & nonsurgical
Retrospective After 1 y of follow up:

Low

• Behavioural outcomes were not affected by
neither surgical or seizure outcome
Retrospective After a mean follow-up of 55 m:

Moderate

Prospective

• No group changes from baseline occurred
in Full Scale, verbal, or nonverbal IQ.
WISC-IV scale, Phonemic Discrimination
Scale, Computerized Oral

Speech Battery, complementary verbal tasks
after 5.6 y:
• 6/6: recovered sufficiently to attend a regular verbal comprehension index
• 5/6: recovered normal or adapted school
• 5/6: ↓ in performance reasoning index
Retrospective Wechsler Intelligence scale, Children’s Auditory Verbal Learning Test, Doors and
People Test, British Picture Vocabulary
Scale, Wechsler Memory Scale-Revisedafter
a mean follow-up of 7y:
• No significant post-surgical ↓ in memory
• R resection: ↑ verbal episodic memory
• L resection: ↑ visual episodic memory
• Better verbal memory was linked to greater
post-surgical residual hippocampal volumes
• After left temporal surgery, better semantic
memory was associated with smaller resection volumes and greater temporal pole integrity.
• Results were independent of post-surgical
intellectual function and language lateralization.
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(Table 4 continued)
Study

Year

Population

Study type

Findings

De Bode [93]

2015

10 children 4-12y undergoing L cerebral
hemispherectomy VS 9
matched controls (median age surgery 10y,
median age assessment
14y)

Retrospective Receptive portion of Curtiss and Yamada

Risk
of bias
ModerateSerious

Clinical Language Evaluation consisting of
sentence–picture
matching tasks:
• Same developmental sequence of syntactic development

Open Access. Published by the JICNA

Groppel [94]

Downes [95]

Chen [96]

2015

2015

2014

28 children (median
age 64.5m) undergoing
vertical
perithalamichemispherotomy

14 children with LKS or
ESES undergoing multiple subpial transection
of the posterior temporal
lobe (mean age 6.23y)
VS 21 children with
LKS or ESES

30 children 1.7-17.6 y
with FCD undergoing
epilepsy surgery

Retrospective Denver Scales II & German versions of the
Wechsler Intelligence Scales after a median follow-up of 3y:
• 31%: significant gains in language quotients
• Short disease duration prior to surgery,
acquired pathology, lack of epileptiform
EEG discharges in the contralateral hemisphere and/or normalization of EEG sleep
patterns after surgery, successful ASM
withdrawal were linked to favourable language outcomes.
Retrospective Vineland Adaptive Behavior Scales-II
(communication) &Paediatric Quality of
Life Inventory after 1.5-5y:

• No differences between the groups in
language, nonverbal ability, adaptive behavior, or quality of life at follow-up
• No difference in the proportion of patients showing improvement or deterioration in the language category over time for
either group.
Retrospective After a mean follow-up of 21.5 m:

• For 14 patients who received both preoperative and postoperative evaluation, only
2 mild reductions in DQ & IQ and 5 cases
mild to moderate improvement
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(Table 4 continued)
Study

Year

Population

Study type

Ramantani
[97]

2014

29 children 1.3-12.3 y
with GNTs undergoing
epilepsy surgery

Retrospective 12 months after surgery:

Moderate

• Improvements in verbal IQ, performance
IQ, visual memory, as well as a trend toward improvement in full-scale IQ
• Despite individual losses, no deterioration was noted in any cognitive variable on
a group level
Retrospective After 2 years:

Moderate

Open Access. Published by the JICNA

Lee [98]

Lee [99]

Park [100]

2014

2014

2013

42 children with LGS
8 m-17.3 y undergoing epilepsy surgery
(lobar resection, hemispherotomy, and corpus
callosotomy)

12
children
(mean
age 6.5 y) with focal
symptomatic epilepsy,
West syndrome &Rasmussen’s
syndrome
undergoing hemispheric
disconnection

48 children with encephalopathy (median
age 9 y) undergoing
epilepsy surgery (respective or palliative)

Findings

• At an individual
level, an increase in FSIQ
score was observed in 19
(70.4%, 19/27) patients, and
a significant gain of at least
10 points were achieved in 12
(44.4%) patients
Retrospective After a mean follow-up of 12.7 y:

• The overall developmental severity category was unchanged.
• 12/12: exacerbation of pre-surgical
hemiparesis, but transient in 11
Retrospective After 1 year:

• No significant changes in postoperative
neuropsychological outcomes
• 77.8 %of parents whose children were
not seizure-free reported satisfaction with
their children’s improvement in cognitive
and behavior issues.
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(Table 4 continued)
Study

Year

Population

Study type

Hallböök
[101]

2013

45 children (median age
8 y) with epilepsy undergoing epilepsy surgery
(hemispherectomy,
focal/local
resection,
multilobar, disconnection)

Retrospective After a follow-up of 5-21 y:

Low

• 34/45 preserved their category of cognitive
level after surgery, 7/45
deteriorated & 4/45
improved
• Cognitive improvements in accordance
with seizure control and no antiseizure
medications
Retrospective After a follow-up of 1-11.6 y (mean 4 y):

Low

• 89%: pre-surgical developmental impairment
• 21 children remained within the respective developmental category compared to
the preoperative evaluation; 7 showed a decrease
• Postoperative developmental status was
negatively related to the extent of resection
Retrospective After a mean follow-up of 3 years:

Low

Ramantani
[102]

VillarejoOrtega [103]

2013

2013

30 children (mean age 20
m) with focal epilepsy
(cortical malformation,
infarction,
GNET)
undergoing
surgery
(hemispherectomy,
multilobar/intralobar
resection)

17 children (median
age 5.9 y) undergoing
hemispherectomy
for Rasmussen’s encephalitis,
cortical
malformations, or vascular lesions

Findings

• Patients with cortical malformations &
vascular lesions: pre-surgical developmental delay persists afterward
• Vascular lesions group: A linear correlation was found between earlier age at
surgery and better outcome in the personalsocial, gross motor & adaptive domains
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(Table 4 continued)
Study

Year

Population

Study type

Findings

Risk
of bias

Beaton [104]

2012

10 children (mean age
13.8 y) with unilateral
hippocampal sclerosis
undergoing amygdalohippocampectomy

Prospective

After a follow-up of 24 m:

Moderate

• No significant improvement or decline at
a group level for intellect or verbal or visual memory
• Significant improvement found postoperatively for immediate &delayed facial
memory
Retrospective After a mean follow-up of 4.9 y:

Moderate

• Motor function & developmental age increased after surgery in 6 & 5, respectively
• None showed developmental regression.
Retrospective Intelligence Scale for children-Revised
(WISC-R) for children

ModerateSerious

6-14y, Wechsler Preschool and Primary
Scales of Intelligence (WPPSI) for children aged 4-6, Gesell Developmental
Schedules for children <4 after a followup of 1.2-6y:
• Significant improvement in the motor,
adaptive, language & personal-social field
Retrospective Patient/Carers questionnaires 2y later:

Moderate

Iwatani [105]

Liu [106]

Aaberg [107]

2012

2012

2012

6 children (mean age 1.4
y) with West syndrome
undergoing
epilepsy
surgery

17 patients with West
syndrome secondary to
tuberous sclerosis undergoing surgical resection
with a combined palliative operative procedure
(1.5-8y)

54 children undergoing
epilepsy surgery (mean
age 8.6 y)

• 71% better general functioning
• 44-52% better motor, attention, behavior/mood, language
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(Table 4 continued)
Study

Year

Population

Study type

GarcíaFernández
[108]

2011

21 children (mean age
11.6 y) with developmental tumors &
epilepsy
undergoing
surgery

Retrospective After a mean follow-up of 4.68 y:

Moderate

• Significant improvements in perceptivevisual &auditory aspects, non-verbal abilities, linguistic performances, verbal learning, selective attention &executive functions
• Greater improvements in: lesionectomy (VS extended resection), later-onset
epilepsy & drug-resistant group
Retrospective After a follow-up of 9 y:

Low

Skirrow [109]

Dunkley
[110]

2011

2011

42 children (mean age
13.3 y) with hippocampal sclerosis or DNT
undergoing surgery VS
matched
non-surgical
group of 11 children

22 children (mean age
20 m) with epilepsy
of various etiologies
(cortical
malformation,
hippocampal
sclerosis, tuberous sclerosis, DNET, cerebral
infarction,
SturgeWeber
syndrome)
undergoing
surgery
(hemispherectomy,
multilobar/lobar/focal
resection)

Findings

• A significant increase in IQ in the surgical group after a follow-up period of >5
years
• IQ increases associated with cessation of
antiseizure medication
Retrospective After a mean follow-up of 63.5 m:

• 5 children decrease in DQ/IQ >15 , 3
children an increase DQ/IQ >15& 14 no
change
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(Table 4 continued)
Study

Year

Population

Study type

Peltola [111]

2011

13 children 3.6-9 y
with
pharmacoresistant ESES undergoing
surgery
(hemispherotomy, callosotomy, focal
resection)

Retrospective After a follow-up of 2 y:

Lippe [112]

2010

5 children 0.6-7 y with
cortical dysplasia undergoing occipitoparietal
respective surgery

Findings

Risk
of bias
LowModerate

• By 6 months after surgery, cognitive decline was arrested in all but 1 patient
• Improved behavior in all 4resectionand
6/9 callosotomy patients
• At 2 y, all except 1 patient had maintained or improved the cognitive level they
had at 6 m postoperatively
• Cognitive improvement by ≥ 10 points
was observed in 3 patients.
Retrospective After a follow-up of 3-7 y:

Serious

• All children improved their intellectual
abilities (visual perceptual cognition <verbal functions)

Table 5. The relationship between neurobehavioural co-morbidities and epilepsy surgery in childhood. The risk of bias was calculated
based on ROBINS-I tool.

Study

Year

Population

Study type

Findings

Risk
of bias

Reilly
[116]

2019

107 childre undergoing
epilepsy surgery

Retrospective

Parent-reported features of ADHD
were significantly reduced 2 y after
epilepsy surgery (Conners 10-item
scale)

Moderate

Kokoszka
[115]

2017

56 patients with autism
undergoing
epilepsy
surgery

Retrospective

At a mean follow-up of 47 ± 30
months, aggression and aberrant
behavioral patterns improved in 24
of 56 patients

Moderate

Qualmann
[114]

2017

52 patients undergoing
epilepsy surgery

Retrospective

Autism or cognitive disability was
significantly associated with an
ILAE >1 (no seizure-freedom after
surgery)

Low
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Table 6. Original studies about the relationship between ASM withdrawal after surgery and seizure recurrence in children (ASM:
antiseizure medications, FCD: focal cortical dysplasia, m: months, y: years). The risk of bias was calculated based on ROBINS-I tool.

Study

Year

Population

Choi
[119]

2019

70 children and adolescents with FCD
undergoing resective
epilepsy surgery

Boshuisen 2014
[120]

95 children who
underwent epilepsy
surgery &presented
seizure recurrence
after ASM reduction/withdrawal

Boshuisen 2012
[121]

766 children undergoing epilepsy
surgery

Study type

Time interval to
start ASM withdrawal

Mean duration
of follow-up

Findings

Risk of
bias

0.5-2.7 y

mean: 4.5 y

• seizure recurrence in
35% of children during
ASM reduction or after
ASM withdrawal
• incomplete resection & postoperative
epileptic
discharges:
important predictors of
seizure recurrence

Low

Retrospective 11.9± 12.3 m

up to 100 m

• 14% relapse within 6
m, 24% within 12 m &
48% within 24 m
• a shorter interval to
ASM reduction: the
only independent predictor of a shorter time
to relapse
• incomplete resection:
shorter time to recurrence
• timing of recurrence:
not related to the chance
of regaining seizure
freedom

Low

Retrospective 11.9-13.2 m

61.6 ± 29.7 m

• 95 of 766 patients
(12.5%) had seizure recurrence during or after
ASM withdrawal
• shorter time interval to ASM withdrawal
predicted seizure recurrence

Low

Retrospective
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Table 7. The effect of ASM withdrawal after epilepsy surgery on aspects of neurodevelopment The risk of bias was calculated based
on ROBINS-I tool.

Study

Year

Population

Study type

Findings

Risk of bias

Boshuisen [122]

2015

301 children after
epilepsy surgery

Retrospective ASM reduction after surgery significantly improved IQ scores in neuropsychological tests

Low

van Schooneveld
[123]

2013

57 seizure-free children after epilepsy
surgery

Retrospective At 24 months after surgery,
the withdrawal group had improved significantly more than
the no-withdrawal on psychomotor tests (reaction time
to light/sound/tapping)

Low

Table 8. Original studies in the literature about the underutilization of epilepsy surgery in children. The risk of bias was calculated
based on ROBINS-I tool.

Study

Year

Population

Study type

Findings

Risk of bias

Prideaux
[125]

2018

Medical records of
children undergoing
epilepsy surgery

retrospective

Mean duration:

Low

• neurologist-epilepsy surgery program: 6.2 m
• epilepsy surgery program-surgical
candidacy: 6.1 m

Shen
[130]

2018

58 caregivers of children with epilepsy

retrospective

• 30/58 caregivers wished their child
had undergone epilepsy surgery earlier
• Caregivers were willing to accept
a lower likelihood of seizure freedom than their physician reported was
likely.

Moderate

Pestana
[128]

2015

Children undergoing epilepsy
surgery identified from serial crosssectional analysis of paediatric
hospital discharges

retrospective

The rate of the increase in paediatric
epilepsy use was lowest in blacks and
children with public insurance.

Low

Erba
[129]

2013

• 138 parents of paediatric patients
with epilepsy
• 60 child neurologists

retrospective

• 25.2% were opposed to this treatment

Low

• after providing factual information,
50.4% of the responders stated that
they had become more favorable
• 60% of child neurologists did not
fully comply with guidelines about
epilepsy surgery
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