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  Abstract   Epilepsy surgery for drug-resistant childhood epilepsy is not new. 
However, brain imaging, surgical and anaesthetic techniques have improved to the 
extent that they are now as much safer and realistic option than they were in the past. 
Further, the range of surgical candidates is wide, and previous concepts about likely 
surgical candidates are now challenged as children with previously thought wide-
spread or apparent multifocal disease are evaluated. Outcomes for seizure freedom 
range from 40 to 80 % depending on the underlying aetiology and the extent of 
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resection. However, the aims of surgery may include seizure reduction in some and 
improvement in neurodevelopment and behaviour in others, which are less 
 predictable. Epilepsy surgery in children is no longer a last resort. Children thought 
to be likely candidates should be evaluated early in their natural history to optimise 
outcomes in the long term.  

  Keywords   Epilepsy surgery  •  Childhood  •  MRI  •  Seizure outcome      

   Introduction 

  Epilepsy i s a chronic neurological condition characterised by recurrent epileptic 
 seizures where an  epileptic seizure  can be de fi ned as a transient occurrence of signs 
and/or symptoms due to abnormal, excessive or synchronous neuronal activity in 
the brain  [  20  ] . Five percent of the population will have a seizure during their life-
time. About 50 million people worldwide have epilepsy, and nearly two out of every 
three new cases are discovered in developing countries. Epilepsy is about twice as 
common in children as in adults, with a rate of 7/1,000 in childhood and only 
3.3/1,000 in adults. 

 Anti-epileptic drugs (AEDs) are the  fi rst-line treatment, and seizures will be well 
controlled by medications in approximately two out of three children with epilepsy. 
Unfortunately, up to one third of children will not respond optimally to medical 
treatment, with either continued seizures or unacceptable side effects. Furthermore, 
there is a high rate of cognitive and behavioural disorders associated with early onset 
epilepsy. A proportion of these children may be candidates for  epilepsy surgery , the 
removal or modi fi cation of part of the brain with the speci fi c aim of treating epi-
lepsy. This is not a new concept; it has been used in the management of epilepsy for 
over 100 years. However, it is only relatively recently that surgery has gained 
momentum as a realistic choice in the management of epilepsy in children. 

 The epidemiology of epilepsy differs between adults and children. Intractable 
epilepsy in adults is frequently caused by temporal lobe epilepsy (TLE). Temporal 
lobe resection for the treatment of TLE has provided an excellent option for patients. 
Excision of the seizure focus generates high expectations for seizure control, mini-
mal loss of function and low morbidity  [  14,   44  ] . However, TLE is not a particularly 
common disorder in children. The underlying pathologies of paediatric epilepsy 
tend instead to involve extratemporal regions and present in a more diffuse manner. 
Furthermore, early life seizures more commonly arise secondary to a developmental 
disorder. These epilepsies can be catastrophic in onset, with developmental regres-
sion and related concerns that play a signi fi cant role in decision making  [  2  ] . This 
combination of factors results in a group of patients presenting with surgically 
remediable epilepsy in childhood who exhibit distinctly different characteristics 
from the typical adult presentation. 

 Many advances have occurred over the past 25 years since the early reports of 
successful epilepsy surgery in a highly selected paediatric population. There are 
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increasing data on the bene fi t of epilepsy surgery in a wider range of carefully 
evaluated children  [  1,   27  ] . Improvements in seizure frequency and management are 
well documented, but consistent evidence of de fi nable social and cognitive progress 
in this population has been elusive. A better understanding of the scope of positive 
and negative outcomes is essential. Expectations of bene fi t play a critical role in the 
decision-making process of not only on whom to operate but also when. Fortunately, 
numerous advances in presurgical evaluation, surgical methods and monitoring 
technology have improved decision making, procedural options and outcomes.  

   Evolving Methods and Perspectives 

   Candidate Selection: Expanding Criteria 

 Since the late nineteenth century, surgery has been utilised as a treatment for medi-
cally refractory epilepsy and recognised as possibly relevant in children over the 
past 50 years. Depending on the speci fi c procedure, current chances of seizure 
remission following resective surgery of the epileptogenic focus in adults are typi-
cally in the range of 60–70 %  [  14  ]  and the risk of complications and associated 
morbidity remains low. Many referrals for epilepsy surgery in the paediatric popula-
tion are for catastrophic onset epilepsies. Initial reluctance to consider children as 
candidates for epilepsy surgery has been shown to be unfounded  [  10  ] . Success rates 
in children also vary with the speci fi c procedure and the causative pathology but can 
be impressive, with low morbidity and mortality rates when candidates are evalu-
ated and treated in specialist paediatric centres. It is currently estimated that 127 
children in every 1,000,000 present with drug-resistant epilepsy each year, of which 
one in  fi ve will be appropriate candidates for a surgical procedure  [  5  ] . 

 Surgery is considered for drug-resistant epilepsy in children when an assessment 
indicates that there will be a signi fi cant improvement in seizure control in the 
absence of an unacceptable loss of function. Meeting the  fi rst requirement of these 
criteria would appear straightforward; drug-resistant epilepsy is that which does not 
respond to medical intervention. Nonetheless, adult de fi nitions have not necessarily 
been relevant to the childhood population. Over time it has become evident that the 
traditional view of  drug resistance –  failure of two drugs over 2 years – is not appli-
cable in many, particularly those with seizure onset within the  fi rst 2 years of life  [  4  ] . 
More recently, the ILAE has put forward a modi fi ed de fi nition of  treatment failure:  
‘adequate trials of two tolerated and appropriately chosen AED schedules (whether 
as monotherapies or in combination) that fail to achieve sustained seizure freedom’. 
In this report, treatment response is de fi ned as seizure freedom lasting at least three 
times the longest seizure-free interval prior to a new intervention  [  33  ] . This would 
take into consideration even the very young with more catastrophic onset epilepsy. 

 Additional uncertainty surrounds the developmental delay, cognitive decline and 
social costs associated with unremitting seizures in children  [  11  ] . Considerable con-
cern that developmental losses may become less remediable over time adds a sense 
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of potential urgency to the decision  [  16,   17  ] . This is further exacerbated by the cata-
strophic nature of seizures in some young children. 

 Historically, impaired intellectual function has been interpreted to mean wide-
spread brain disorder predictive of a poor surgical outcome. Consistent with this 
belief, criteria for consideration of epilepsy surgery have included normal IQ in 
some circumstances  [  38  ] . However, outcome studies in children suggest that 
impaired IQ is not synonymous with poor seizure outcome. If a child’s cognitive 
disabilities are at least in part a consequence of ongoing seizures, there is additional 
potential for improvement in their achievements following surgery with seizure 
control. There are also a number of studies that have shown signi fi cant gains in IQ 
testing over time after attaining seizure-free status with epilepsy surgery  [  2,   21,   45  ] . 
These children present a compelling argument for a greater sense of urgency to 
proceed with epilepsy surgery. 

 Children with epilepsy frequently have coexistent psychiatric disorders. More 
than half of children with both seizures and a structural brain abnormality will 
have a psychiatric disorder. Thus the rate of psychiatric disorder in children com-
ing in for surgical evaluation is particularly high. This has been demonstrated in 
children with either extratemporal  [  9  ]  or temporal lobe epilepsy  [  37  ] . Unfortunately, 
the group of children with relevant cognitive and behavioural comorbidities may 
not experience signi fi cant improvement in these disabilities following epilepsy 
surgery  [  21,   37  ] ; some diagnoses may indeed evolve. Although some children gain 
additional psychiatric diagnoses following epilepsy surgery despite an improve-
ment in seizure control, there is no indication that the surgery increases this risk. 
Appropriate counselling of families is essential prior to surgery in order to high-
light this but it is evident that existing psychiatric disorders do not represent a 
contraindication to surgery.  

   Surgical Techniques for Childhood Epilepsies 

 Surgery is considered for drug-resistant epilepsy when an assessment indicates the 
potential for signi fi cant improvement in seizure control in the absence of an unac-
ceptable loss of function. Outcomes are optimal when seizures are demonstrated to 
arise from one well-de fi ned area that can be removed without functional compro-
mise. This was initially restricted to a temporal lobectomy procedure performed in 
adults; however, studies showed that many of the adults who bene fi tted from this 
intervention had epilepsy since early childhood, suggesting the potential for similar 
surgery in children  [  51  ] . 

 At this time it is well recognised that the complete resection of a single discrete 
seizure focus in a non-eloquent region of cortex provides an excellent option for 
seizure treatment at any age. However, the increasing scope of paediatric patients 
presenting for surgery includes children with syndromes where seizures may be 
perceived to be generalised or multifocal in onset. Both the site of onset and patho-
genesis differentiate paediatric from adult epilepsy  [  26  ]  (Tables  1  and  2 ). Advances 
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in neuroimaging and neuroanaesthesia have reduced the morbidity and further wid-
ened the spectrum of surgical candidates. Improved MRI techniques for structural 
imaging, as well as more options for functional assessment, have informed preop-
erative analysis. Advances in surgery such as image-guided techniques, prolonged 
video EEG and invasive monitoring with stimulation for eloquent cortex have 
signi fi cantly improved surgery outcomes  [  12  ] . These techniques can facilitate the 
goal of complete removal of a seizure focus with preservation of function and fewer 
complications for a greater range of patients.   

 Surgical options are considered in two categories: resective and functional. 
Hemispherectomy and multilobar procedures are the procedures most commonly 
undertaken in children, especially in the very young  [  18,   26  ] . Extratemporal resec-
tion for focal cortical dysplasia and developmental tumours is more common in 
older children with good results  [  1,   19,   27,   29  ] . 

 The most common causes of drug-resistant seizures in children are cortical malfor-
mations  [  24  ] . A number are too diffuse to be addressed with a single resective proce-
dure. However, when restricted to a single hemisphere, variable degrees of resection 
have been shown to be successful. Although large areas of malformation may be easily 
recognised (Fig.  1 ), others are more subtle but the introduction and utilisation of higher 
resolution MR imaging has made it increasingly clear that cortical dysplasia is an 

 Procedure  % ( N ) 

 Resections/diagnostic electrodes  81 (440) 
 Hemispherectomy  15.8 (86) 
 Multilobar  12.9 (86) 
 Lobar/focal  48 (261) 
  Temporal  23.2 (126) 
  Frontal  17.5 (95) 
  Parietal  2.8 (15) 
  Occipital  1.7 (9) 
 Diagnostic electrodes only  3.7 (20) 
 Multiple sub-pial transection  0.6 (3) 
 Vagal nerve stimulator  15.8 (86) 
 Corpus callosotomy  3.1 (17) 

 Table 1    Distribution of 
procedures undertaken 
in children undergoing 
epilepsy surgery from a 
survey undertaken in 2004 
( N  = 543)  [  26  ]   

 Pathology  % ( N ) 

 Cortical dysplasia  42.4 (175) 
 Tumour  19.1 (79) 
 Atrophy/stroke  9.9 (41) 
 Hippocampal sclerosis  6.5 (27) 
 Gliosis/normal pathology  6.3 (26) 
 Tuberous sclerosis complex  5.1 (21) 
 Hypothalamic hamartoma  3.6 (15) 
 Sturge Weber syndrome  2.9 (12) 
 Rasmussen syndrome  2.7 (11) 
 Vascular (not Sturge Weber)  1.5 (6) 

 Table 2    Underlying 
pathologies in children 
undergoing surgery for 
epilepsy  [  26  ]   
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a

b

  Fig. 1    MRI ( a ) and EEG ( b ) of an infant presenting with seizures in the neonatal period. The MRI 
shows left hemimegalancephaly; the EEG seizure onset in the left hemisphere. The child underwent 
a left functional hemispherectomy at 4 months of age, leading to seizure freedom       
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extremely common cause of childhood epilepsy. When these lesions can be identi fi ed 
and are not in eloquent cortex, surgical excision is a highly effective option. 
Unfortunately, these lesions are found at a surprisingly high frequency in areas of criti-
cal, functional cortex. Thus a complete evaluation of both the structure and functionality 
of the region of interest is essential before surgery can be considered  [  26,   34  ] .  

 The types of seizures seen in the early onset epilepsies are more a re fl ection of the 
age of presentation than the underlying pathology. For example, infantile spasms are 
events that occur in infants as an age-speci fi c response to a range of pathologies involving 
a single discrete malformation, multiple foci or a diffuse area of the brain. Thus an 
apparent generalised event can re fl ect the immaturity of the environment as opposed to 
indicating pathology. In cases where the underlying pathology is discrete and identi fi able, 
prompt surgery may provide the best treatment option. The developmental regression 
that occurs in the presence of unremitting seizures is typically devastating, and earlier 
surgery is associated with better postsurgical developmental outcomes  [  28  ] . In addition, 
the very young brain retains the ability to alter its functional architecture in response to 
surgical excision and thus preservation of eloquent cortex is less of a concern. 

 Early onset epilepsy, especially those related to particular pathologies such as 
Sturge-Weber syndrome, tuberous sclerosis (Fig.  2 ), hemispheric syndromes and 

  Fig. 2    MRI and ictal EEG of a 15-month old with focal seizures, the result of tuberous sclerosis. 
Ictal EEG showed seizure onset from the right frontal region (F4). Although there are multiple 
tubers seen on MRI, there is a large calci fi ed tuber in the left frontal region ( arrowed ). Removal of 
the right frontal tuber led to seizure freedom for 3 years       
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extensive focal cortical dysplasia, can present with generalised or multifocal features 
both in clinical presentation and EEG characteristics. However, with underlying 
focal/lateralised pathology, they are likely to have focal onset and can break tradi-
tional concepts of epilepsy surgery  [  28  ] . Further with more advanced analysis of 
epileptic activity, increasingly complex excisions are being evaluated for TS that can 
be highly successful  [  49  ] .  

 A procedure considered far more frequently in children than in adults is hemi-
spheric disconnection. This is due in part to the spectrum of underlying pathology 
as well as to the catastrophic and progressive nature of these diagnoses. For exam-
ple, seizures are common in Sturge-Weber syndrome, a sporadically occurring dis-
order with leptomeningeal angioma and associated facial capillary haemangioma 
(port-wine stain). Seizures can be dif fi cult to control especially if they commence 
before 1 year as they do in over half of the children. When the seizures do not 
respond to medical treatment and the process is hemispheric and unilateral, then a 
hemispherectomy can be a highly bene fi cial intervention. These children typically 
present with a hemiparesis that may progress with seizures. Timing of surgery is an 
issue as some studies indicate a better outcome with early resective surgery  [  8,   32  ] . 
The several different types of hemispherectomy procedures considered under these 
circumstances have been shown to have similar outcomes  [  27  ] . 

 Another paediatric disorder treated with hemispherectomy is Rasmussen 
Encephalitis (RE). RE is a rare presumed autoimmune disorder involving unilateral 
hemispheric in fl ammation and in many relentless epileptic encephalopathy (Fig.  3 ). 
Seizures are frequently intractable and progression of the disease leads to cortical 

  Fig. 3    Sequential MRI of the brain of an 8 year old who presented with R focal motor seizures, 
and subsequently developed increasing frequency to Epilepsia partialis continua with increasing 
right hemiparesis. Although atrophy of the left hemisphere is seen on the  fi rst scan ( a ), this has 
progressed on the second scan 12 months later ( b ) suggestive of Rasmussen encephalitis       
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hemiatrophy and contralateral hemiparesis. Hemispherectomy is the only cure. It 
improves epilepsy and halts the cognitive regression, but results in a dense hemiparesis 
and hemianopia. The most challenging aspect of the treatment debate involves the 
timing of surgery, as outcomes are reported as better with earlier intervention but 
not all children may progress to the level of disability achieved by surgery  [  6  ] . 
Hemispherectomies are also considered in children with extensive malformations 
when the pathology appears to be limited to one side of the brain.  

 Options are more limited when a seizure focus cannot be identi fi ed or when a 
recognised focus is inextricably linked with essential eloquent cortex. When the 
child’s epilepsy is intractable and debilitating but the cause is not amenable to 
resection, functional surgical interventions may be considered. The intent of these 
procedures is to disrupt seizure propagation and contain the abnormal activity as 
much as possible. Corpus callosotomy, the severing of the connecting  fi bres between 
the two hemispheres of the brain, is one such procedure. The goal is to restrict epi-
leptic activity to one hemisphere. This procedure has provided signi fi cant relief for 
‘drop’ attacks that cause injury, markedly improving quality of life  [  36,   41  ] . 
Although drop attacks are the seizure type most consistently treated in this manner, 
improvement in other generalised seizures may also be experienced in individuals 
following surgery. 

 Multiple subpial transections is another palliative technique used where the sur-
gical focus may be associated with functional cortex. The theory is that the process 
involves transection of the transverse  fi bres most implicated in seizure propagation 
while preserving the vertical functional pathways of the cortex. The technique has 
also been used in combination with respective surgery where the focus involves 
eloquent cortex  [  47  ]  The technique has also been helpful in drug-resistant cases of 
Landau-Kleffner syndrome, an acquired epileptic aphasia associated with continu-
ous spike-wave of slow sleep. In the absence of a discrete lesion, subpial transec-
tions are performed over Wernnicke’s area (and deep into the sylvian  fi ssure, under 
cortigographic guidance) on the EEG driving side in order to disrupt the epileptic 
focus while retaining relative preservation of the functional cortex  [  3,   39  ] .  

   Timing of Surgery: The Role of Plasticity 

 The decision of the optimal timing of surgical treatment is often challenging, as the 
risk–bene fi t assessment requires clinical experience and multidisciplinary input. 
There are reasons speci fi c to early life brain development why surgery should be 
considered promptly in the natural history of paediatric epilepsy. The  fi rst years of 
life are a critical period for the development of cognitive abilities. Studies demon-
strate that the presence of seizures leads to cognitive impairment independently of 
underlying pathology  [  40  ] . When ongoing epileptic activity is at least in part respon-
sible for cognitive dysfunction, improved outcome would be expected if and when 
seizure freedom can be achieved. Thus surgical intervention can be urgent in infants 
with catastrophic epilepsy unresponsive to medical intervention in order to try to 
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prevent developmental regression or arrest. These candidates for epilepsy surgery 
need to be identi fi ed early in the process of the disease to prevent the possibility of 
worsening developmental outcomes that could be seen with delayed time to 
surgery. 

 There have been indications of ongoing reluctance to refer children for surgery. 
This barrier has resulted in many children experiencing an unnecessary wait for a 
possible curative procedure  [  26  ] . Epilepsy surgery in children under 3 years of age 
offers suitable candidates a good chance of signi fi cantly improved seizure outcome 
which compares with rates in older cohorts  [  16,   18  ]  yet only a third of eligible chil-
dren are referred within 2 years of diagnosis  [  26  ] . This is especially unfortunate 
since outcomes for cognitive testing, social determinants and motor recovery are all 
improved by earlier interventions that give the developing brain ample opportunity 
to develop compensatory function  [  12  ] . 

 While the remarkable plasticity of the immature brain is a liability with pro-
gressive seizures, it is clearly an asset to epilepsy treatment outcomes. The child’s 
brain is capable of signi fi cant reorganisation of neurological function after insult and 
surgery, highlighting the importance of early surgical intervention to prevent 
developmental arrest or regression  [  23  ] . Delay to surgery is associated with 
increased psychosocial, behavioural and educational problems. There are de fi cits 
not only associated with the presence of seizures but also with the existence of 
competitive, dysfunctional brain that can interfere with compensatory function in 
more functional brain regions  [  40  ] . Functional plasticity is particularly noted in 
the pattern of recovery of linguistic competence following dominant hemispherec-
tomy in children with acquired epilepsy  [  7  ] . In congenital hemispheric disorders 
associated with epilepsy, the contralateral hemisphere is likely to develop domi-
nance. When acquired disorders such as RE involve the dominant hemisphere, 
surgery at a younger age may provide a better opportunity for transfer of language 
function due to this increased plasticity. However, when disease progression is 
slow and de fi cits less profound, determining the optimum timing for surgery can 
be very challenging. 

 Another complication of the aspect of timing relates to the determinants of why 
children with epilepsy have such a high rate of cognitive disorders. There is evi-
dence supporting hypotheses that seizures and altered cognition independently 
occur in the presence of the developmental brain pathologies that cause seizures. 
When the interaction between epilepsy and cognitive disability is uncertain, the 
necessity of surgery to prevent harm becomes less obvious  [  13  ] .  

   Presurgical Evaluation 

 Management of epilepsy requires a multidisciplinary approach throughout the pre-
operative, perioperative and postoperative periods  [  12  ] . An appropriate team can 
properly address not only seizure management but also critical comorbidities such 
as safety, independence, mobility, emotional and behavioural issues, cognition, 
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 education and learning. The quality of life of patients and families is greatly 
enhanced by identifying and managing these additional risk factors. 

 Improved referral patterns are essential to optimising surgical outcomes  [  12  ] . Due 
to the need for appropriate technology, experience and expertise, children with drug-
resistant epilepsy bene fi t when referred to comprehensive epilepsy centres rather 
than isolated surgical units. Children with behavioural or developmental regression 
in the setting of drug-resistant seizures should be referred with greater urgency for 
presurgical evaluation. Certain subgroups of surgical candidates should be referred 
to an experienced surgical unit equipped with multidisciplinary personnel with 
access to advanced technologies such as PET, SPECT and functional MRI. These 
subgroups would include particularly young children or those at greater risk for com-
plications and morbidity, such as when a seizure focus is dif fi cult to localise or in a 
potentially eloquent region where invasive EEG monitoring may be required. 

 Advances in structural imaging have led to improvements in identi fi cation of 
the areas responsible for seizure onset. As might be expected, surgical outcomes 
are improved when the pathological assessment of the resected region shows an 
abnormality  [  52  ] . Newer techniques in MRI imaging have improved the presurgi-
cal structural analysis such that the areas of abnormal cortex are more likely to be 
closely identi fi ed. 3D analysis, speci fi c protocols of ultra-thin slices and addi-
tional types of echo sequences have greatly increased the sensitivity and speci fi city 
of MRI  [  22  ] . 

 In order to optimise post-surgical outcome, it is not only critical to assess the 
brain being considered for resection, but also that the remaining brain is structur-
ally normal. This is especially important when considering a wide resection or 
hemispherectomy, although subtle contralateral abnormalities may not be a con-
traindication to surgery  [  25  ] . Advances in functional imaging with fMRI have 
improved safety of resection by identifying areas of cortical function. When the 
presence of a structural lesion correlates with a speci fi c electrographic seizure 
focus, the decision for surgical potential may be easy. In the absence of such help-
ful associations, non-invasive functional imaging may provide information about 
the likely area responsible. These studies can take the form of ictal and interictal 
single-photon emission computed tomography (SPECT) or interictal positron 
emission tomography (PET)  [  30  ] . 

 At a minimum, surgical candidates should be evaluated with an interictal EEG 
that includes sleep monitoring, preferably video EEG monitoring, an MRI with a 
speci fi ed epilepsy protocol, and an age-appropriate neuropsychological and devel-
opmental assessment  [  12  ] . However, even with newer functional modalities inva-
sive EEG monitoring may be necessary if a focus is particularly dif fi cult to identify 
or if the interaction with eloquent cortex is indeterminate. Surgical decisions are 
mainly based on non-invasive monitoring with aid of functional imaging as needed. 
There is recognised need for invasive monitoring in selected cases, particularly 
when there is a delineated focus on EEG but MRI is either lesion-negative or the 
extent of the lesion cannot be de fi ned. When more extensive assessment is indi-
cated, then a child should be transferred to a specialist surgical centre with experi-
ence of such techniques.   
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   Outcomes 

 The primary objective of epilepsy surgery is seizure freedom, or at the very least 
reduction of seizures. It may also be aimed at improving other important aspects of 
neurodevelopment and quality of life. While complete resection of a seizure focus 
is the best predictor of seizure freedom, developmental outcomes have proven 
more dif fi cult to quantify. Outcome goals need to be assessed with an individual 
focus, as population goals may be less appropriate to the spectrum of children 
appropriate for surgery. Now that low IQ, mental illness and very young age are 
not considered contraindications to a surgical approach, children being evaluated 
have an even greater range of developmental status speci fi cally related to their 
underlying condition. 

 Nonetheless, relief from seizures remains the de fi ned goal of epilepsy surgery. 
A number of classi fi cation schemes are used to assess outcome. The Engel 
classi fi cation system, originally devised in 1987, is the most commonly used scale 
(see Table  3 )  [  50  ] . It identi fi es signi fi cant decreases in seizure number, but also 
allows for quanti fi cation of worthwhile improvement independent of decreased fre-
quency. A change in severity of seizures, or decrease in a particularly troublesome 
seizure type such as drop attacks, can be re fl ected in this lifestyle-relevant category. 
This aside, categories are quite broad, and can be dif fi cult to apply to some of the 
catastrophic onset epilepsies.  

 Epilepsy surgery is targeted towards seizure freedom or where possible, although 
in some with more complex epilepsy reduction in seizures may be the aim (Engel 
Grade I or II). Overall clinical outcomes appear to be dependent on several factors 
but the most important determinant of whether seizure freedom will be achieved 
postoperatively remains whether the resection of the seizure focus is complete  [  19, 
  34  ] . Currently, surgical outcome in children following focal resections is similar to 
that in adults, with seizure-free rates in the range of 75–80 %, particularly in patients 
with well-circumscribed lesions where complete lesion resection without sacri fi ce 
of functional brain is possible  [  46  ] . Children undergoing temporal lobe resection are 
more likely to achieve seizure freedom (85 %)  [  45  ]  than those undergoing extratem-
poral resection (60 %)  [  29  ] . Seizure remission rates after surgery for extratemporal 
apparent non-lesional epilepsy are less favourable, typically due to the challenges of 
accomplishing a complete resection  [  34  ] . 

 While all assessed groups demonstrate worthwhile levels of seizure reduction, 
cognitive, social and behavioural improvements remain more dif fi cult to quantify. 
A reduction in the burden of ongoing epilepsy should confer psychosocial bene fi t 
and improve quality of life in children. Furthermore, surgical intervention at an 
earlier age could be expected to have a greater role in preventing cognitive dysfunction 

 Class I – free of disabling seizures 
 Class II – rare disabling seizures 
 Class III – worthwhile improvement 
 Class IV – no worthwhile improvement 

 Table 3    Engel classi fi cation 
system of postoperative 
outcomes  
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than would that in older patients. However, there are minimal published data to sup-
port these concepts. Accurate assessment of cognition, behaviour, psychosocial 
adaptation and quality of life are crucial for an understanding of paediatric epilepsy 
surgery candidates  [  12  ] . Children with ongoing seizures can experience a widening 
gap in IQ learning relative to their peers with consequent decrease in. Thus the 
maintenance of IQ in children following surgery could be interpreted as success. 

 Improvements in cognitive outcomes have been shown in early IQ/DQ in very 
young children after surgery. Younger children, the group that has highest de fi cits 
going into surgery, show the most bene fi t  [  35,   43  ] . Postoperative developmental 
trajectories are maintained with a stable velocity and importantly accelerated devel-
opment may occur in seizure-free patients  [  21  ] . Furthermore, surgery for TLE per-
formed in childhood results in additional long-term bene fi ts in cognitive development 
with improved IQ seen beyond 6 years following surgery, related to seizure freedom 
and wean from medication  [  45  ] . 

 The mechanisms underlying short-term and long-term cognitive advances may 
differ. Whereas short-term improvements may relate to the immediate cessation of 
seizure activity, long-term improvements have also been shown to be not only asso-
ciated with seizure control but also removal of AEDs and increased grey matter 
volumes  [  45  ] . A wean from AEDs is a common goal following epilepsy surgery, 
particularly for parents who already perceive bene fi ts of this objective. However, 
this may be yet another complex decision since recent tendencies towards less 
aggressive medication withdrawal are thought to be a contributing reason for 
improving outcomes following paediatric epilepsy surgery  [  27  ] . 

 Patients with acquired disorders treated with a hemispherectomy consistently do 
better on follow up than children with congenital disorders, especially malformations. 
Postoperative seizure freedom in the group with developmental pathology is closer to 
30 %, in contrast to those with acquired pathology who enjoy complete seizure remis-
sion over 80 % of the time  [  15  ] . Although most patients with more extensive surgery 
tend towards more moderate improvement, there are also gains in the social and cogni-
tive outcomes of children after hemispherectomy. Immediate cognitive gains are 
reported in all groups following surgery, particularly in circumstances where the pres-
ence of seizures limits the child’s exposure to social and environmental stimuli  [  48  ] . 
In studies with higher presurgical scores, there is less improvement in cognitive devel-
opment; however, long-term outcomes are quite favourable in some groups  [  15,   42  ] . 
In patients treated with hemispherectomy for RE, language is signi fi cantly more 
impaired for left (presumed dominant) than right hemispherectomy and cognitive 
measures change little between surgery and follow up  [  42  ] . 

 Signi fi cant behavioural improvements however are consistently appreciated post-
hemispherectomy in children with unmanageable aggressive and explosive behav-
iours prior to surgery. This situation is most frequently noted in children with congenital 
hemiplegic syndromes the result of developmental pathologies whose postoperative 
seizure pro fi le is the least encouraging of the groups  [  15  ] . This suggests that a realistic 
appraisal of prognosis requires an assessment of underlying pathology as patients 
with acquired or progressive disorders will have a differing prognosis than patients 
with congenital disorders both for seizure and behaviour outcome.  
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   Conclusions 

 Advances in evaluation and surgery mean that wider spectrum of children are ame-
nable to safe surgical resection. Not only can resective surgery for focal epilepsy in 
children result in similar levels of seizure remission to that seen in adults, surgery 
can provide a critical option to improve outcomes for a wide variety of paediatric 
epilepsies. Possible candidates can and should be identi fi ed early in their natural 
history and evaluated. All children with intractable epilepsy and evidence of a focal 
structural brain abnormality should be considered as possible candidates. This must 
actively include children under the age of 2 years, particularly those children with 
epilepsies that are likely to have a poor progress for seizure control. Furthermore, 
children with focal-onset epilepsy and a history of medication resistance should be 
considered even where a structural brain abnormality is not demonstrated, as further 
evaluation with advanced techniques may reveal that surgery is a possibility. Much 
can be gained from early referral when surgery may be deemed an appropriate 
option – much can be lost in the long term by delaying.      
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