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ABSTRACT (300 words):     

 
Objective: To determine if an ictal EEG recording as part of pre-surgical evaluation of 

children with a demarcated single unilateral MRI lesion     is indispensable for surgical 

decision making, we investigated the relationship between interictal/ ictal EEG and 
seizure semiology with seizure-free outcome.  

 
Methods: Data were obtained retrospectively from consecutive patients (≤ 18 years) 

undergoing epilepsy surgery with a single unilateral MRI lesion at our institution over 

a 6-year period. Video-telemetry EEG (VT-EEG) was classified as concordant or non-
concordant/non-informative  in relation to the MRI lesion location. The odds of seizure-

free outcome associated with non-concordant versus concordant for ‘semiology’, 

‘interictal’ and ‘ictal’ EEG were compared separately. Multivariable logistic regression 
was conducted to correct for confounding variables.  

 
Results: After a median follow-up of 26 months (IQR 17-37.5) 73 (69%) of 117 

children enrolled were seizure free. Histopathological diagnoses included:  low-grade 

epilepsy associated tumours 46 (39%), Focal Cortical Dysplasia (FCD) 33 (28%), 
mesial temporal sclerosis (MTS) 23 (20%), polymicrogyria 3, 3%) and non-diagnostic 

findings/gliosis 12 (10%).  The odds of seizure freedom was lower with a non-
concordant interictal EEG (OR=0.227, 95% CI 0.079 to 0.646, p=0.006) and non-

concordant ictal EEG (OR=0.359, 95%CI 0.15 - 0.878, p=0.035). In the multivariable 

logistic regression model, factors predicting lower odds for seizure free outcome were 
developmental delay/intellectual disability, higher number of anti-seizure medications 

tried and a  non-significant trend  for ‘non-concordant interictal EEG’.  
In the combined subgroup of patients with FCD and tumours (n=79) there was no 

significant relationship of VT-EEG factors and seizure outcomes, whilst in children with 

MTS and acquired lesions (n=25) a non- concordant EEG was associated with poorer 
seizure outcomes) p =0.003).  

 
Significance: An ictal EEG may not be mandatory for pre-surgical evaluation, 

particularly when a well-defined single unilateral MRI lesion has been identified and 



 

 

the interictal EEG is concordant.  
 

Key points: 

● 68.4% of children with a single unilateral lesion on MRI become seizure 
free following epilepsy surgery  

● A pre-surgical interictal scalp EEG non-concordant with the MRI lesion 

shows a trend towards a lower chance of seizure free outcome after 
adjustment  for confounding variables  

● A pre-surgical ictal scalp EEG is not  independently associated with  

seizure free outcome after adjustment ion for confounding variables in 

this group 
● In the FCD and tumour subgroup there was no significant relationship 

of presurgical interictal or ictal EEG with seizure outcomes  
●  The mandatory requirement of an ictal EEG recording in presurgical 

evaluation for all patients requires review  
 

 

Introduction:  
 
Epilepsy surgery has a higher chance of achieving seizure free outcome in well-

selected patients with pharmacoresistant focal epilepsy compared to continued 

treatment with antiseizure medications (ASM) 1. Amongst the different epilepsy 

surgery procedures, focal resections, account for the largest proportion of epilepsy 

surgery procedures and have the best seizure free outcome rates 2, 3. Relevant  

predictive  factors for  seizure free outcomes identified for these types of surgical 

procedures   include ‘age at epilepsy onset’ 4, ‘shorter duration of epilepsy’ 5, 

‘anatomical location of surgery (temporal lobe has better outcomes compared to 

extratemporal surgery)’, and ‘completeness of neuroradiological lesion  resection’  6, 7. 



 

 

The most common histopathologies identified in paediatric surgical specimens in order 

of highest prevalence are Focal Cortical Dysplasia (FCD), low-grade tumours and 

Mesial Temporal sclerosis (MTS)8.   

Presurgical evaluation (PSE) is a comprehensive multimodal assessment, providing 

information on whether epilepsy surgery can be offered along with the surgical 

outcome-goals, risks and benefits. Standard  practice of  most surgical centres is to 

perform core presurgical investigations and assessments consisting of brain magnetic 

resonance imaging (MRI) applying high resolution protocols,  neurological clinical 

evaluation, neuropsychological / neuropsychiatry  assessments and scalp video-

telemetry -EEG (VT-EEG) to obtain interictal and  ictal recording 9.  Although the aim 

of the VT-EEG is to ascertain information about localisation and extent of the seizure 

onset zone 10 , there are limitations including reduced ability to identify epileptic foci in 

deeper structures  (i.e. interhemispheric or mesial temporal cortex) and poor spatial 

resolution. VT-EEG to record the habitual seizure type, can be time and cost intensive 

and may not be successful (despite ASM reduction) in individuals with infrequent 

seizures 11. Recently, the value of the ictal EEG recording, especially for patients with 

MRI- lesion positive focal epilepsy, in the surgical decision-making process has been 

questioned by some studies 12, 13 . In a previous study at our institution pre-operative 

VT-EEG recordings in 353 patients with unilateral structural MRI abnormality did not 

influence the decision to offer epilepsy surgery 12. The relationship of VT-EEG to post-

surgical seizure outcomes, however, was not investigated in that study. Another study 

found no difference in seizure outcomes of patients undergoing a focal resection due 

to a MRI positive lesion with ´positive ictal EEG´ and those with a ´negative ictal EEG´- 

defined as no available ictal recording or ictal EEG discordant with the MRI lesion 14. 



 

 

However, this study did not distinguish between interictal EEG, ictal EEG and 

semiology in relation to post-surgical seizure outcomes.  

The primary aim of this study was to investigate the relationship between pre surgical 

semiology, interictal EEG, ictal EEG, and postsurgical seizure outcome in children 

undergoing epilepsy surgery for pharmaco-resistant focal epilepsy for well 

demarcated, single, unilateral MRI lesions. We also describe the spectrum of 

pathologies and association of other relevant clinical variables with seizure free 

outcome in this particular patient group. 

Methods: 
 

We retrospectively reviewed data from a cohort of consecutive paediatric patients 

undergoing epilepsy surgery at our institution. Our institution (Great Ormond Street 

Hospital for Children) is one of the largest providers for the nationalised specialist 

service for childhood epilepsy surgery in the UK, with main catchment area of the East 

and South-East of England.  From our institutional electronic database, we selected 

all patients who underwent focal resections for epilepsy in the period from 1st January 

2012 to 31st December 2017. Patients meeting the following criteria were included:  

a) age ≤ 18 years at surgery b) lobar or sublobar structural lesions on MRI c) 

sublobectomy or lobectomy performed d) at least 1-year post-surgical follow up. We 

excluded children: a) who underwent surgery for hypothalamic hamartoma b) with 

bilateral, and/or diffuse MRI abnormalities, including Tuberous Sclerosis Complex 

(TSC) c) who underwent corpus callosotomy or  multi-lobar disconnection-surgery 

(hemispherectomy, temporo-parieto-occipital disconnection, and multilobar resection 

surgery, d) who had previous epilepsy surgery, e) with incomplete information, i.e. 



 

 

absent record of epilepsy surgery meeting (ESM) discussion and/or no pre-surgical 

VT-EEG data  

All patients included in this study underwent 1.5T or 3T (from 2014 onwards) MRI 

using dedicated epilepsy protocols (including 3D T1 weighted and FLAIR sequences).  

Clinical and presurgical investigation information was obtained from the case notes, 

including neuropsychological assessment, neuroimaging, surgical and follow-up data. 

Seizure outcomes were categorised according to the Engel classification 15. We 

applied the simplified classification with the 4 main categories: Engel class I (seizure 

free), Class II (rare disabling seizures, 1-4 seizure days/year), Class III (worthwhile 

improvement) and Engel Class IV (no worthwhile improvement). 

 Psychomotor Development was categorised as normal or developmental 

delay/intellectual disability (DD/ID) using DSM V criteria (with IQ  cut off at 70 points 

or DQ equivalent) according to the conclusions of standardised assessments 

performed as part of the pre-surgical evaluation (instruments used according to age 

and cognitive ability: Wechsler Preschool intelligence Scale (WPPSI) Wechsler 

Intelligence Scale (WISC), Bayley scales for infant and toddler assessment,  Griffiths 

Developmental Scales)16-18. Children with normal cognition, but with another 

developmental disorder diagnosis, such as autism spectrum disorder or specific 

language disorder, were categorised as cognitively normal (i.e. not having an 

intellectual disability).  

The VT-EEG recordings at our institution are reviewed by expert clinical 

neurophysiologists, who generate a detailed report of interictal, ictal EEG and 

semiology findings according to their qualitative judgement of the distribution of EEG 



 

 

abnormalities (interictal epileptiform discharges, focal slow activities, ictal rhythms).  

This study was carried out with data obtained from a clinical service delivery setting 

and therefore the clinical neurophysiologists were not blinded to MRI findings.   

Based on the VT-EEG reports and the epilepsy surgery meeting discussion records 

we classified interictal and ictal EEG as well as semiology separately as either a 

‘localising’, ‘lateralizing’ or ‘non-concordant’ in relation to the anatomical location of the 

MRI lesion.  ‘Localising’ was allocated for ‘ictal’ or ‘interictal VT-EEG’ if features were 

in keeping with the same lobe or quadrant of the MRI location and ‘lateralized’ if 

features were in keeping with the hemispheric lateralisation of the MRI lesion but not 

permitting further localisation within the hemisphere. Semiology was categorised as 

‘localising’ if features were in keeping with same lobe of the MRI lesion location, even 

if lateralisation was not possible or ‘lateraling’ if manifestations were in accordance 

with onset in the hemisphere of the MRI lesion location.  ‘Non-concordant’ was used 

when VT-EEG features were neither in keeping with cortical area nor hemisphere of 

the anatomical MRI lesion location. We also categorised as non-concordant ictal VT-

EEGs with bilateral ictal discharge at seizure onset, that did not permit a judgement 

with regards to lateralisation, and interictal VT-EEGs with multifocal epileptiform 

discharges without a clear predominant focus.   

Neuroimaging information and diagnosis was obtained from the MRI reports generated 

by paediatric neuroradiologists as part of our epilepsy surgery program in conjunction 

with the record of the epilepsy surgery MDT discussion. As this is part of our routine 

post-surgical evaluation, determination of completeness of radiological lesion 

resection was also based on our institutional post-surgical MRI reports.  



 

 

Seizure outcomes of patients with ‘concordant’ (i.e. localising and lateralizing groups 

combined) semiology, interictal or ictal EEG (i.e. MRI lesion concordant) were 

compared with those who had ‘non-concordant’ semiology, interictal or ictal EEG for 

each of these variables separately.  

 

Statistical analysis  
 
Data were analysed using SPSS 28. We compared group differences between seizure 

free outcome (Engel class I) versus ongoing seizures (i.e. categorised Engel class 

II/II/IV combined) using either chi-square or Fisher’s exact test for categorical data, 

and Student’s T test or Mann-Whitney U test for numeric data. Factors investigated in 

this comparison included ‘non-concordant’ versus ‘concordant’ for each VT-EEG 

components (interictal, ictal and semiology) and other relevant predictors reported in 

the literature (see table 3). The Odds ratios (OR) with 95% confidence interval (CI) 

predicting seizure free outcomes were calculated. (p values and   95% CI were 

obtained for both numeric (mean/median) and categorical data (proportions).  

A multivariable logistic regression model (stepwise backwards method) was applied 

including the factors that were significant in the univariable analysis to determine 

factors related to seizure free outcome at last follow up (elimination threshold for 

variable selection in the final was a p value of 0.1).  

We used the same approach for a subgroup analysis of the developmental lesions as 

determined by the histopathology report: Tumours and FCD combined (n=79). The 

number of the patients in the subgroup with acquired lesions (hippocampal sclerosis 



 

 

and porencephalic cyst) was in comparison too small (n=25) for further subgroup 

analysis.  

Only cases with available data for the variables were included in the analysis.   

 

Institutional Approval: 

This project was approved by Great Ormond Street Hospital for Children as a service 

evaluation project.  

 
Results: 
 

A total of 466 children underwent epilepsy surgery during the reviewed period, of which 

168 (36%) underwent a focal resection. 21 cases (23%) were excluded because of 

insufficient information; 117/169 (69%) met inclusion criteria and were therefore 

included in the analysis (see Figure 1).  Of these 59 (50.4%) were female.  The median 

age of seizure onset was 2 years (IQR 0.7-5), and mean age at epilepsy surgery 9.3 

years SD 4.8  years.  Sixty-five children (55.6% had daily seizures at the time of 

epilepsy surgery evaluation. 39 of 114 with available data (34%) had developmental 

delay / Intellectual disability (DD/ID) at the time of evaluation. The distribution of the 

MRI lesion diagnosis and location in  relation to lobe is summarised in table 1. 

The median time of follow-up after surgery was 25.5 months (IQR 17-36.5, range 12 

- 67 months); in 69 (59% of 117) patients this was longer than two years.  

 

Insert Figure 1  

Insert Table 1 



 

 

Post-surgical-seizure outcome and histopathology findings:   
 

Eighty children (68.4%) were seizure free at last follow up (median 26 months; IQR 

17-37.5). Low grade epilepsy associated tumours (LEAT: gangliogliomas and 

dysembryoplastic neuroepithelial tumours, DNTs) were the most frequent pathology 

(n=46, 39%), followed by FCD (n=33, 28%, mostly FCD type II), MTS (n=23, 20%), 

other cortical malformations with  polymicrogyria (3, 3%)  and others (Cyst, 

nonspecific gliosis and non-diagnostic findings, n=12, 10%). Tumours and FCD had 

the best outcome, with seizure freedom rates of 74%, and 76% respectively. Surgery 

for MTS presented the poorest surgical outcome, with a seizure freedom rate of only 

52%. The details of histopathology findings in relation to seizure outcomes are listed 

in the supplementary table e5. 

 

 

VT-EEG  as seizure outcome predictor: 
 

VT-EEG recordings as part of the presurgical evaluation were obtained at our 

institution for 102/117 (87%) and for 15 (13%) children at other institutions (external). 

All ‘external’ VT-EEG recordings were reported and discussed by expert clinical 

neurophysiologists from our institution in the epilepsy surgery meeting.  Long-term VT-

EEG, of at least 24 hours, was performed in 105/117 (89%) patients with a median 

duration of 3 nights (range 1-4). Short VT-EEG recordings (< 24 hours) were 

performed in 4/117 (3.4%, mean duration 2.9 hours, SE+/- 1.1), whilst the total VT- 

EEG duration was unknown for 5/117 (4.3%) patients (all performed ‘externally’).  Ictal 



 

 

EEG recordings were obtained for 115/117 (98%) patients (1 seizure for 9 (8%), 2-5 

for 51 [45%], 6-10 for 27 [23%], and > 10 for 28 [24%] patients).  

The children with VT-EEG components scored as either MRI lesion ‘localising’ or 

‘lateralising’ were pooled in one group (MRI lesion concordant or ‘localising/lateraling 

interictal, ictal  VT-EEG  or semiology)  because on exploratory univariable analysis 

using Chi square / Fisher exact statistics there was no significant difference between 

seizure free outcome (Engel I) versus ongoing seizures (Engel II/II/IV) for each of 

these components.  

The majority of ictal VT-EEG categorised as non-concordant were non-informative 

with bilateral ictal patterns at onset (19/28). Similarly, the majority of interictal VT EEG 

scored as non-concordant were multifocal, non-informative (13/17). 

In 26 (23%) of 115 patients the pre-surgical interictal and ictal VT-EEG data were 

discordant with each other, i.e. 8 patients with non-concordant interictal VT-EEG had 

a concordant ictal VT-EEG (7 achieved Engel I or II  seizure outcomes at last follow 

up) and 18 patients had a concordant interictal VT-EEG and  a non-con-concordant 

ictal VT EEGs (14 achieved Engel I or II  seizure outcomes at last follow up).  

Table 2a shows univariable (unadjusted) group comparisons (ORs) between seizure 

free (Engel I) outcome versus ongoing seizures (Engel II/III/IV) and MRI lesion 

concordance categories (‘non-concordant’ versus ‘concordant’) for each VT 

component: interictal EEG (117), ictal EEG (115) and semiology (113).   

 

Insert Tables 2 a and b  

 



 

 

Both a non-concordant interictal and non-concordant ictal EEG were associated with 

significantly lower odds of becoming seizure free (Engel I category) post-surgery, 

whilst there was no significant association of a non-concordant semiology with seizure 

free outcome.  

The following factors, including those significant in the univariable analysis, were 

entered in a multivariable logistic regression model: ‘Non-concordant interictal EEG’ , 

‘Non-concordant ictal EEG’,  ‘Latency to surgery (years)’, ‘Complete radiological lesion 

resection’ , ‘Developmental  delay / Intellectual Disability (DD/DI) . A stepwise 

backwards method for factor selection was applied. Table 3b lists the factors 

remaining in the final model:  ‘DD/ID’, ‘total number of ASMs tried’ and ‘non-concordant 

interictal EEG’.  A non-concordant interictal EEG showed weak non-significant 

(p=0.058) association with lower odds of seizure freedom.  

 

Insert table 3a and b  

Insert table 4 

In the subgroup analysis of patients with developmental lesions (combined FCD and 

tumour group (n=79) there was no significant association between the VT-EEG 

components (non-concordant interictal, ictal EEG and semiology) and seizure free 

outcome  after surgery (table 3a, while int the subgroup analysis of patients with 

acquired lesions (MTS, Chaslin gliosis and cyst (n=25) there was an association 

between non-concordant interictal EEG and seizure free outcome only  (Table 4). 

 



 

 

Other factors associated with seizure outcome:  

Previously reported variables associated with poor surgical outcome, namely ‘age at 

epilepsy onset’, ‘latency to surgery (duration of epilepsy before surgery)’, ‘age at 

surgery’, ´total number of ASMs tried (from epilepsy onset to the time of surgery)’ , 

‘Developmental Delay/ Intellectual disability (DD/ID)’,  ‘temporal versus extratemporal 

lobe surgery’ and ‘complete radiological lesion resection’, were compared between 

seizure free and non-seizure free patients for the entire cohort (table 2a) and the 

subgroups of patients with developmental lesions (table 3a).  

Total number of ASMs and presence of DD/ID were significantly associated with lower 

odds of seizure free outcomes in the entire cohort in the univariate comparisons.  In 

the multivariable logistic regression model, mentioned in the previous paragraph both 

factors remained significantly associated with lower odds for seizure free outcomes 

(table 2b).  

In the subgroup of children with developmental lesions (combined FCD/ tumour group) 

in the univariate analysis shorter ‘Latency to surgery (duration of epilepsy before 

surgery’) and ‘complete radiological lesion resection’ were significantly associated with 

seizure free outcome, whilst ‘total number of ASMs tried’ and ‘DD/ID’ were significantly 

associated with persisting seizures. In the multivariate logistic regression model 

entering  all four factors ‘ total number of ASMs  tried’ remained the only significant 

factor associated with persisting seizures with a non-significant trend of complete MRI 

lesion resection  suggesting higher odds for seizure free outcomes (table 2b). 

There were differences between children with  ID/DD (n=39) and those with normal 

intellect:   80% (60/75) of children  with normal intellect were seizure free, compared 



 

 

with only 43.6% (17/39) with DD/ID. These two groups were different in respect to 

other clinical variables: patients with DD/ID were younger at epilepsy onset (median 1 

years vs 3 years, p=0.001), had been trialled on a higher number of ASMs (mean ASM  

5.15 vs 3.72, p=0.001), had a higher proportion with non-concordant interictal EEG 

(25.7% vs 10.7% p=0.038) and non-concordant ictal EEG (46.4% vs 17.6% p=0.011).  

 

Discussion: 

VT-EEG as seizure outcome predictor 

We have shown in a cohort of paediatric epilepsy patients, with a single unilateral MR 

lesion, that the pre-surgical ictal EEG recording is not an independent predictor of 

seizure free outcome after adjustment for other relevant clinical variables. In the same 

logistic regression model an interictal EEG non-concordant with the MRI lesion was 

associated with a non-significant trend, towards lower odds of achieving seizure free 

outcome. 

Subgroup analysis indicates differences between histopathological groups. In the 

subgroup of children with discrete developmental lesions (FCD and Tumours 

combined) no association of VT- EEG factors (ictal, interictal VT-EEG, semiology ) to 

seizure outcome was observed, whilst in those with acquired lesions, mainly MTS, 

univariable comparison demonstrate  a significant relationship of a non-concordant 

interictal VT-EEG with lower odds of seizure free outcome. In MTS/acquired lesion 

subgroup there was no significant relationship between the ictal VT-EEG and seizure 

outcome. The interpretation of this result is, however, limited by the small number in 

the MTS group.  



 

 

 In paediatric and adult patients with FCD undergoing epilepsy surgery the interictal 

as well as ictal scalp EEG patterns and especially co-localisation with the structural 

MRI lesion is variable as shown in a large cohort consisting of pooled data of several 

surgical series with little apparent correlation to the lesion extent 19. This paper 

provided no information about MRI lesion concordance of interictal / ictal scalp EEG 

abnormalities and their relations to post-surgical seizure outcomes. 

Similar to our findings in the combined FCD and tumour group, previous studies found 

for patients with low grade epilepsy associated tumours that the pre-operative scalp 

EEG was not a significant factor associated with seizure outcome, whilst significant 

outcome predictors were other factors including completeness of lesion resection and 

duration of epilepsy 20-22.  

A recent systematic  literature review found that the pre-surgical VT-EEG (long-term 

video EEG monitoring) was associated with moderate sensitivity  (0.7; 44 studies 

included)  to localize  the epileptic zone in  patients, who became seizure free, and 

low specificity (0.4; 34 studies included), defined as proportion of patients with non-

localising VT-EEG , who failed to become seizure free 23. The sensitivity was higher 

in lesional temporal compared to extratemporal epilepsy. Studies were assessed to 

have a high risk of bias and the quality of the evidence was evaluated as ‘very low’. 

The prognostic value of ictal and interictal EEG were not investigated separately in 

this review.  

In adult patients undergoing surgery with MRI positive mesial temporal sclerosis 

several studies report such data. In a retrospective study, lesion concordant interictal 

discharge lateralisation / localisation was highly correlated with ipsilateral ictal EEG 



 

 

onset, but the ictal EEG pattern was not related with seizure outcome and judged as 

non-contributory to surgical decision making 24. It remains uncertain whether the 

interictal changes were predictive of outcome. A more recent prospective study 

enrolling patients with MRI lesion positive MTS and > 80 % ipsilateral interictal 

epileptiform discharges found no statistical difference in seizure free outcomes 

between those patients with and without pre-operative ictal EEG recordings 25. 

Similar observations have also been reported in children undergoing temporal lobe 

surgery. Smyth et al found no significant difference in post-surgical seizure outcomes 

in patients with pre-operative ipsilateral temporal EEG abnormalities (ictal and/or 

interictal) compared to those with bilateral abnormalities, although, bilateral EEG 

findings were associated with a trend towards worse outcome 26.  

The pre-operative scalp -EEG was not related to seizure outcomes in children with 

early acquired or developmental, mostly multi-lobar and hemispheric brain lesions 

presenting with refractory epilepsy and developmental impairment. Seizure free 

outcomes in those with pre-operative bilateral or contralateral interictal / ictal 

epileptiform activity were similar to a comparison group of patients with predominantly 

ipsilateral epileptiform discharges 27.  This was confirmed again in a more recent study. 

The authors report their experience using a 'lesion-orientated’ presurgical evaluation 

algorithm with limited VT-EEG in a series of 54 children with MRI visible lesions, in the 

majority cortical malformations and infarctions (60%), Fifty seven percent of patients 

underwent hemispherectomy and overall 86% of patients were reported seizure free 

after a median follow up of 20.45 months. Surgery was performed without preoperative 

ictal EEG recording in 35% of children, whose seizure outcome was not significantly 



 

 

different compared to those with ictal EEG. An ipsilateral ictal EEG, bilateral or 

contralateral interictal EEG abnormalities were not related to surgical outcome 28.  

Statistical modelling of post surgical seizure outcome prediction using clinical and 

presurgical scalp EEG data in a large surgical series of mainly adult patients (n=470, 

MRI negative and positive focal epilepsy), in the majority temporal lobe epilepsy due 

to MTS, showed that inclusion of presurgical EEG resulted in only a modest 

improvement of the prediction. Including Scalp EEG data improved the model from 

59% to 65% correct seizure outcome prediction 29. Interestingly in the final model used 

to create a ‘nomogram’ to predict seizure freedom at 2 years after surgery included 

only the interictal EEG together with other clinical and neuroimaging factors.    

 

Although we observed concordance between MRI lesion and semiology as 

described in VT-EEG in a relative high proportion of children (in 89% seizures were 

categorised as localising/lateralising), similar to  previous reports from adults, there 

was no significant association with seizure free postoperative outcome [OR=0.819, 

95% CI 0.22-3.0, P=0.744] 30.  This could not be explained by the age of children in 

our cohort. There was no difference in separate analysis of non-

concordant/concordant semiology versus seizure free post surgical outcome) in the 

group of children undergoing surgery younger or older than 5 years. Although seizure 

semiology may give important clues to the localisation of the seizure onset zone it 

does not reliably distinguish areas of onset and cortical areas,  which generate 

manifestations after propagation of ictal activity .  

  



 

 

Our findings as well as previous studies support that ictal EEG recordings as 

part of the pre-surgical evaluation are not imperative to decide whether surgery can 

be offered, when patients have well defined MRI lesions. A lesion concordant interictal 

EEG provides useful information, of some prognostic relevance, although this  may be 

less relevant for discrete developmental lesions (FCD and  low grade epilepsy 

associated tumours).  

An ictal EEG as part of presurgical evaluation in this group of patients may have a 

role in specific circumstances, for example if a diagnosis of non-epileptic events are 

suspected, to provide additional information for patients and family during the 

surgical counselling session, or if an additional diagnosis of a generalised 

electroclinical epilepsy syndrome diagnosis is considered.  

In this selected cohort a discordant interictal EEG should not lead to exclusion of a 

patient from epilepsy surgery, especially those children and young people with high 

seizure burden and poor quality of life. The pre-surgical evaluation and decision 

making using limited VT-EEG (interictal EEG data only) for specified subgroups of 

patients, however, should be undertaken by an experienced multidisciplinary team.  

This study was not designed to provide evidence to recommend a minimum 

duration of an interictal EEG recording to sample sufficient interictal abnormalities. A  

pragmatic approach, however, in the paediatric population with a compatible seizure 

history would be to obtain an EEG recording in wakefulness and sleep, aiming to 

record all sleep stages 31.  

 

Other factors predicting seizure outcome.  



 

 

Developmental delay/ID in our cohort was an important predictor of ongoing seizures 

at last follow-up in our cohort (0R=0.193, 95%CI 0.083 to 0.451, p= 0.001, see table 

2 a). Previous studies have demonstrated that patients with intellectual disability and 

focal lesional epilepsy show a less favourable outcome both for pharmacological as 

well as  surgical treatments 32, 33 34. However, the causes for poorer seizure outcomes, 

particularly in patients with DD/ID in our cohort with MTS, are not completely 

understood. Persisting seizures in focal epilepsy are associated with changes in white 

matter connectivity, abnormal functional and structural brain network topology, and 

hippocampal volume and structural changes, sometimes associated with adverse 

cognitive outcomes35. The presentation of developmental delay and intellectual 

impairment could indicate a more widespread and diffuse network dysfunction beyond 

that relating to the focal lesion. Genetic factors could well have contributed to this 

finding. However, investigating such factors was beyond the scope of our study, given 

the retrospective design and the fact that genetic investigations applying modern 

technology were carried out in only a small and selected proportion of patients in this 

cohort.  

Limitations: 

 Due to the retrospective nature of this study, inconsistencies in documentation of 

seizure outcomes in patient’s records may have occurred, which limits the accuracy 

of seizure outcome classification, especially when deciding between Engel categories.  

The numbers of patients in each pathology group were too small to perform statistical 

analysis of each subgroup separately .   In addition, we cannot exclude reduction of 

seizure freedom rate after a longer follow-up period than in our cohort. Our analysis 

was also based on a cohort of patients, who underwent surgical resection with 



 

 

available outcome data. We can therefore not comment on outcomes of potential 

patients with single unilateral MRI lesions, who did not undergo surgery. 

Although we investigated cognitive impairment as a factor relating to seizure free 

outcome, we did not include presence of behavioural / psychiatric disturbances as a 

separate category.  

The classification of VT-EEG data was based on the reports by consultant clinical 

neurophysiologist, who were not blinded to the neuroimaging diagnosis, which may 

have potentially influenced their judgement. Likewise, as the neuroimaging information 

was derived from MRI reports, we cannot exclude that the paediatric neuroradiologists 

were blinded to clinical information including EEG findings. However, the aim of this 

study was to investigate information derived from a real-world setting. International 

standards for presurgical evaluation,  including multidisciplinary team discussions 

have been published9. We therefore feel that our findings are applicable to the practice 

in other epilepsy surgery centres.  

Although temporal (69%) compared to extratemporal lesion location was more 

frequent in children enrolled in our cohort, we feel that our findings with respect to the 

predictive value of the interictal EEG is independent from the anatomical lesion 

location.  

Conclusions:   

Almost 70% of children with a single unilateral lesion on MRI become seizure free 

following epilepsy surgery. Within the  confines of these data originating from a single 

paediatric surgical centre,  we found that  the association of  the presurgical VT-EEG 

in this particular group of children with post-surgical seizure outcomes were weak. In  



 

 

the overall  cohort a non-concordant pre-surgical ictal EEG was not associated with 

seizure outcome after adjustment for relevant confounding variables, whilst there was 

a non-significant trend for a non-concordant interictal EEG to be associated with a 

lower odds for seizure freedom.  

The underlying histopathology appears to impact on the relationship between pre-

surgical  interictal / ictal EEG and seizure outcomes.  The ictal and interictal VT -EEG 

data were not related to seizure outcomes in patients with developmental lesions (low 

grade epilepsy associated tumours  and FCDs),  whereas in those with MTS/acquired 

lesions only a non-concordant interictal EEG was  significantly associated with lower 

odds of seizure free outcome, with the caveat that especially in the latter subgroup the  

numbers were  small. Further validation of our observations in a larger patient cohort 

in a multicentre setting would be desirable.  

Nevertheless, the current practice that requires an ictal VT-EEG for all patients 

considered for epilepsy surgery indiscriminately should be reviewed. Limiting ictal VT-

EEG in children with clear single focal unilateral lesions, especially in those with lesion 

concordant interictal EEG, would allow increased resources to investigate those with 

unclear or negative MRI findings or bilateral lesions, where an ictal recording continues 

to have an important role, as well as in the documentation of no non-epileptic episodes 

that may persist after surgery. 
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Figure 1: Focal resections and excluded cases  

 

Table 1: MRI diagnosis and lobar lesion location of 117 patients included for analysis. 

MTS = Mesial Temporal sclerosis, FCD =Focal Cortical Sclerosis, Tumour (Low grade epilepsy 
associated Tumours)  

  

MRI Lesion 

location 

 

MTS 

 

FCD 

 

Tumour 

 

Cyst 

 

Total 

Frontal 0 27 3 0 30 (25.6%) 

Temporal 23 25 28 2 78 (66.7%) 

Parietal 0 1 3 1 5 (4.3%) 

Occipital 0 2 2 0 4 (3.4 %) 

Total 23 (19.7%) 55 (47%) 36 (30.8%) 3 (2.6%) 117 (100%) 



 

 
Table  2 a) Univariable comparisons of VT-EEG components and other  clinical factors for seizure 
free outcome (Engel I) at last follow-up at surgery (N=117, median 25 months, IQR 17-36.7). 

 
Engel I 

(N=80) 

Engel II/III/IV  

(N=37) 

p value   CI 95% (of mean difference) 

Age at epilepsy onset 
(median, years) 

 
2.25 

 
1 0.115 

 

Latency to surgery 
(median, years) 

 
4.6 

 
6.25 0.391  

Age at surgery (mean, 
years) 

 
9.3 

 
9.4 0.907 -1.8  to 2.02 

Total number of ASM 
(mean) 

 
3.8 

 
5.3 0.000 0.78   to   2.21 

 N N  
OR for Engel I CI 95% 

Non-Concordant 
Interictal VT-EEG   
(Total n=117) 

7 11 0.006 0.227 0.079-0.646 

Non-Concordant Ictal 
EEG (Total n=115) 

14 14* 0.035 0.359 0.15-0.878 

Non- concordant 
Semiology (Total n=113) 

8 4 0.963 0.971 0.27-3.5 

DD/ID (n=39) 17 22 < 0.001 0.19 0.08 - 0.45        

Temporal  (n=77) 52 25  

0.84 

 

0.89 

 

0.4 - 2 
Extra temporal (40) 28 12 

Complete radiological 
lesion resection (n=114) 

67 26 0.117 2.34 0.89  - 6.2 



 

 

 

  

DD/DI= developmental Delay/Intellectual Disability; ASM = Anti-seizure Medication  
 

 
 

Table 2 b: Multivariable logistic regression model (stepwise backwards factor selection): predictors for 
seizure free (Engle 1) outcome versus on-going seizures (Engel II/III/IV), Entire cohort (n=117)   
 
Variables entered in step 1: Non-concordant interictal EEG , Non-concordant ictal  VT-EEG, Latency to surgery 
(years), Complete MRI lesion resection , Developmental  delay / Intellectual Disability , Total number ASMs tried 

Factors left in final Model  
P value OR 

95% CI.for EXP(B) 

Lower Upper 

Non-concordant interictal EEG  0.058 0.309 0.092 1.043 

Developmental delay / 
Intellectual Disability 0.042 0.366 0.139 0.966 

Total Number of ASMs tried 0.002 0.652 0.497 0.857 

ASM: Anti-seizure medication, OR: Odds ratio, CI confidence interval  
 
 
   



 

 
Table 3a:    Subgroup analysis: FCD and Tumours combined (n=79)  

Unadjusted  
Engel I 

(N=59) 

Engel 
II/III/IV 
(N=20) 

p value   

Age at epilepsy onset 
(median, years) 

 
2 

 
2.5 0.63 

 

Latency to surgery 
(median, years) 

 
3.5 

 
5.5 0.039  

Age at surgery (mean, 
years) 

 
8.4 

 
9.8 0.18  

Total number of ASM 
tried (mean) 

 
3.9 

 
5.1 0.012  

    
OR for 
Engel I 

CI 95% 

Non-Concordant Interictal 
VT-EEG (n =79) 

5 3 0.416 .525 0.1 – 2.4 

Non-Concordant Ictal 
EEG (n=77) 

9 7 0.11 0.35 0.1-1.1 

Non-concordant 
Semiology (=76) 

6 1 0.67 2.3 0.26-20.2 

DD/ID (n=22) 13 11 0.016 0.273 0.09 - 0.81        

Temporal   36 11  

0.63 

 

1.3 

 

0.46 - 3.6 

Extra temporal 23 9 

Complete radiological 
lesion resection (n=76) 

10 46 0.016 3.8 1.2 -  11.5 



 

 

Table 3 b Multivariable logistic regression subgroup FCD and  Tumour combined  n=79  
Predictors for seizure free outcome (Engle 1) versus ongoing seizures (Engel I I/II/IV) 

  Sig. OR 

95% C.I.for OR 

Lower Upper 
Latency to surgery (years) 0.283 0.921 0.792 1.070 

Total Number of ASMs 
tried 

0.042 0.667 0.452 0.985 

DD/ ID  0.375 0.560 0.155 2.017 

Complete radiological 
lesion resection  

0.053 3.480 0.986 12.275 

Variable entered on: Latency to surgery (years), Total Number of ASMs tried , DD / ID , Complete MRI lesion  
resection .ASM: anti-seizure medication, Developmental delay / Intellectual Disability  

 
 

 

 

 

 

  

ASM: anti-seizure medication, DD/ID:  Developmental Delay/ Intellectual Disability  



 

 

DD/DI= developmental Delay/Intellectual Disability; ASM = Anti-seizure Medication 

Table 4  Subgroup analysis MTS, chaslin gliosis and cyst combined group (n=25) 

 
Engel I 

(N=14) 

Engel II/III/IV  

(N=11) 

p value   

Age at epilepsy onset 
(median, years) 

 
2.7 

 
1 0.099 

 

Latency to surgery 
(median, years) 

 
8.9 

 
8.2 0.428  

Age at surgery (median, 
years) 

 
12.2 

 
9.2 0.222  

Total number of ASM 
(mean) 

 
3.6 

 
4.27 |  

    
OR for 
Engel I 

CI 95% 

Non-Concordant 
Interictal VT-EEG   
 

0 6 0.003   

Non-Concordant Ictal 
EEG  

2 5 0.177 0.2 0.03 to 1.35 

Non- concordant 
Semiology  

0 3 0.072   

DD/ID (n=24) 4 7 0.116 0.229 0.04 to 1.23        

Temporal   14 10  

0.44 

 

 

 

 

Extra temporal 0 1 

Complete radiological 
lesion resection n=79) 

14 10 0.44   
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