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Abstract

Epilepsy surgery is an established safe and effective treatment for selected candidates with drug-
resistant epilepsy. In this opinion piece, we outline the clinical and experimental evidence for
selectively considering epilepsy surgery prior to drug resistance. Our rationale for expedited
surgery is based on the observations that, 1) a high proportion of patients with lesional epilepsies
(e.g. focal cortical dysplasia, epilepsy associated tumours) will progress to drug-resistance, 2)
surgical treatment of these lesions, especially in non-eloquent areas of brain; is safe, and 3)
earlier surgery may be associated with better seizure outcomes. Potential benefits beyond seizure
reduction or elimination include less exposure to anti-seizure medications (ASM), which may
lead to improved developmental trajectories in children and optimize long-term neurocognitive
outcomes and quality of life. Further, there exists emerging experimental evidence that brain
network dysfunction exists at the onset of epilepsy, where continuing dysfunctional activity
could exacerbate network perturbations. This in turn could lead to expanded seizure foci and
contribution to the comorbidities associated with epilepsy. Taken together, we rationalize that
epilepsy surgery, in carefully selected cases, may be considered prior to drug resistance. Lastly,
we outline the path forward, including the challenges associated with developing the evidence
base and implementing this paradigm into clinical care.

220z 1snbny Q| uo Jasn uopuo abejj0n Alstealun Agq 0¥£0S99/G/ZoBME/UIRIG/SE0L "0 L /I0P/a]0IiB-80UBAPE/UIRIG/WOD dNO™OIWapeoR//:sdly WOol) pepeojumoq



O 00 N o uu BB WN PR

W W N N N N N N N N NN P P P R P P Rk P Rp o
, O W 00 N O U B W N P O O 0O N OO0 B B W N B O

Introduction

Epilepsy is one of the most common neurological disorders in the world* and has among
the highest morbidity of all paediatric diseases. Epilepsy surgery can be a definitive treatment for
seizures in selected children with epilepsy and has the potential to enable discontinuation of anti-
seizure medications (ASMs), maximizing quality of life. In experienced comprehensive epilepsy
surgery centres where careful multidisciplinary evaluation is available, epilepsysurgery is both
effective and safe.? Although the impacts of epilepsy surgery on cognitive and behavioural
outcomes are modest, unpredictable, and difficult to quantify, there are data to suggest that
surgery improves developmental outcomes, and that longer duration of epilepsy negatively
impacts outcomes across multiple domains.®®

Candidacy for epilepsy surgery has traditionally required an identifiable epileptogenic
region (with characteristic electrical-clinical-radiological concordance) and drug resistance
(DRE) — defined as the failure to control seizures.on two.adequately trialed ASMs.®’
Establishing DRE is often protracted, prolonging the time that affected patients live with
seizures, negatively impacting their quality of life. When considered alongside evidence that
longer duration of epilepsy negatively impacts post-operative seizure freedom, there has been
increased consideration of early-surgery.®° While many have advocated for the benefit early
epilepsy surgery,'®

prior to patients reaching the definition of DRE.

to our.knowledge, no study has evaluated the efficacy of surgical resection

In this Update, we explore the clinical, experimental, and theoretical evidence for
‘expedited surgery’ which we define as evaluation for epilepsy surgery prior to or in parallel
with the establishment of drug resistance (Figure 1). We hypothesize that expedited surgery in
carefully selected children may reduce the total number of lifetime seizures and advocate that
this novel,paradigm may be appropriate for experienced comprehensive epilepsy centres. The
impactson long-term cognitive and behavioural morbidity and mortality remain extremely
important open research questions. We also explore the barriers to implementing this paradigm
into routine clinical care and the challenges associated with developing a robust evidence base to

support its widespread adoption.
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Lesional epilepsy is often drug-resistant

Identification of a lesion on neuroimaging has been consistently shown to be the most
significant factor associated with drug-resistance.'? Natural history studies have demonstrated
that 80-90% of patients with visible focal cortical dysplasia (FCDs) and long-term epilepsy-
associated tumours (LEATS) will become drug resistant.**'* Surgery for these lesions is effective
(i.e. high rates of seizure freedom).*® Although the evidence for this is not consistent,
improvements in cognitive and developmental outcomes can be observed, although-these are
usually small and may take many years to be detected.*®*°

Epileptogenic lesion resection in non-eloquent brain regions is-safe'and complications are
typically rare and minor (i.e. wound infection, psuedomeningocele, ete:).**** Lesional resection
in eloquent regions may harbour risk for deficits in language/speech, cognition, and/or vision
(both expected or unexpected),**** but advances in structural and functional neuroimaging as
well as pre- and intra-operative mapping continue to-markedly reduce these complications. Even
in children under 3 years of age, complication rates of lesion resection are exceedingly low in
experienced centers.!’

Despite the evidence of high-rates of DRE and the safety and efficacy of surgical
treatment, multiple ASMs are often trialed prior to referral for presurgical evaluation, and the
associated delays can take years. For example, the median duration of epilepsy prior to surgical
evaluation in a recent:multicentre study of FCD was 10 years."™

Expediting surgery may improve outcomes and reduce time on ASMs

Recent large-scale multi-centre cohort® and meta-analysis'® studies have demonstrated a
negative correlation between duration of epilepsy and likelihood of seizure freedom following
surgery for patients with FCD. From this, we can postulate that decreasing the duration of
epilepsy further prior to the point of DRE may further reduce long-term seizure burden.
Reducing the overall seizure burden may also reduce the risk of injuries from seizures and the
risk of Sudden Death in Epilepsy (SUDEP).'® Location of FCD is also associated with seizure
freedom; ~75% of patients with lesions in the superior temporal and frontal gyri achieved seizure

freedom compared to ~30% of patients with lesions in the visual, motor, and premotor areas.?
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Extent of lesion resection is associated with rate of seizure freedom,?* and residual lesion in
eloquent areas may explain the lower rates of post-operative seizure freedom in these patients.*
An additional consideration for epilepsy surgery prior to drug-resistance is the safety of
remaining on high-dose or multiple ASMs.?** Specifically, ASMs may cause late idiosyneratic
effects® and may have cognitive side effects in children.? In addition, there is some evidence to
suggest that 1) early-failure of ASMs portends inevitable ASM failure, and 2) the quicker ASMs
can be withdrawn, the greater the improvement in intelligence measures.?’?® Therefore, ASM
use in a ‘surgically treatable’ and potentially curable disease such as lesional epilepsy should be
challenged. Finally, since many children can safely discontinue their ASMs after surgery and are
more likely wean off ASMs,® earlier withdrawal may improve the safety of epilepsy treatment

overall.
There may be additional benefits of expedited surgery beyond reduction in seizure frequency

Whilst the International League Against Epilepsy (ILAE) and Engel outcome
classifications reliably measure the efficacy-of epilepsy surgery using seizure frequency,® there
are other outcomes to consider after-epilepsy surgery. Although some positive outcomes in
language, memory, intellectual; and behavioural development***°2 have been identified, the
magnitude of these effects are usually small, variable and extremely unpredictable. For example,
children who receive epilepsy surgery are more likely to improve their intelligent quotient (1Q)
score compared to patients treated with pharmacotherapy alone (39% vs 10%), an effect that is
more obvious after drug reduction.® There is also an association of decreased attention-deficit
hyperactivity disorder (ADHD) symptoms after epilepsy surgery.* Specifically, children with
higher baseline scores on the Conners 10-item scale and those who received right-sided surgery
were most likely to see reduction in symptoms; however, the magnitude of change is small (~2
point reduction on the Conners 10-item scale).®! Finally, observational studies of parent/carer
reported outcomes suggests improvements in emotional and behavioural measures after epilepsy
surgery, although follow-up time is limited (< 2 years) and standardized measures across studies
are needed.® All of these studies are ‘end stage’ and there remains an open hypothesis that early
intervention will limit the extent of cognitive impairment, given the relationship between

cognition and epilepsy duration. However, the length of time typically required to see
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measurable improvement in one or more cognitive domains is substantial (often > 2 years).
Large-scale, prospective studies are needed to systematically evaluate neurocognitive effects of
epilepsy from the point of diagnosis and firmly establish whether surgery (and stopping seizures)
has a significant impact on developmental trajectories.

An additional benefit of expedited surgery is expedited histopathological diagnosis:>®
Reaching a histopathologic diagnosis may have clinical relevance (i.e., differentiation between
LEAT — and LEAT subtype — and FCD type) for prognosis, surveillance and treatment. For
instance, integrated histopathological, molecular and genetic diagnosis may pave the way for

targeted therapies in patients not rendered seizure free following surgery.3+3¢38

Expedited surgery may limit brain network dysfunction

Focal epilepsy is an archetypal brain network disease. Brains harbouring FCD display
volumetric (structural covariance), structural (diffusion MRI) and functional (functional MRI)
network abnormalities that extend beyond the boundaries of the lesion.***! Indeed, network
abnormalities are likely present at disease onset and may be useful biomarkers of drug
resistance.*? One hypothesis of drug=resistance for FCDs is that repeated seizures or abnormal
electrophysiological activity in'the absence of seizures modulate synaptic weightings of brain
networks beyond the epileptogenic lesion thereby negatively impacting function.*® There are
some data to support this concept derived from a kainite model of temporal lobe epilepsy in
mice, where persistentinterictal epileptiform activity is observed despite removal of the focus,
although it isdifficult to control for the extent of damage from kainite alone.** Early focal
resection'might improve global neurocognitive function by limiting progression of maladaptive
neural connections.® There is evidence that alterations in white-matter tracts and network
topology (measured by guantitative anisotropy) progress over time in patients with temporal lobe
epilepsy and that greater reduction in aberrant connections after surgery leads to improved
seizure outcomes in patients undergoing anterior temporal lobectomy.* We hypothesize that
surgical intervention prior to drug-resistance will attenuate development of maladaptive neural
networks, improving seizure freedom and neurodevelopmental outcomes.

‘Big data’ combining neuroimaging, genetics, and histopathology information are

advancing our understanding of global brain structural and functional alterations in epilepsy.*
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Large-scale neuroimaging studies have demonstrated that focal epilepsy is associated with
dysfunction of brain networks and brain-region specific volume changes correlate with longer
duration of disease.*®*’ Age at diagnosis, age at surgery, and histopathology (LEAT,
hippocampal sclerosis, and vascular malformation) are the most important factors predicting
seizure freedom after focal epilepsy surgery.® Furthermore, both MRI-positive and -negative
epileptogenic foci display similar genetic and pathologic findings, which are highly correlated
with drug resistance.® Approaches to more rapidly and precisely identify epileptogenic lesions

will facilitate earlier surgical intervention.

Expedited surgery may be cost effective

Epilepsy surgery is highly cost-effective and shifting to expedited surgery in a cohort of
patients that are highly likely to become drug resistant.inthe-long term may make it an even
more cost-effective intervention by saving on ASM management, hospital admissions and
routine clinic visits.**° This is perhaps even more of a consideration in low and middle income
countries (LMICs), where there are identified disparities in access to epilepsy care and epilepsy
surgery and increasing such access-could lead to both direct and indirect cost gains.>*® With
~80% of global epilepsy burden in.LMICs, initiating surgical programs for lesional epilepsy may
help alleviate disease prevalence given the paucity and challenges of, safely managing ASMs.>*

52,53

Development of epilepsy surgery programs in LMICs is possible,”** and expedited surgery may

play an even larger role and have a larger impact in these settings.

There may be barriers to the paradigm of expedited epilepsy surgery

Despite the lack of robust evidence in certain areas, we have synthesized a biological,
clinical, and economic rationale to consider expedited epilepsy surgery for FCDs and LEATS.
The adoption of an expedited surgery paradigm has several challenges, many of which are
inherent to epilepsy surgery, but are exacerbated by the novel accelerated timeframe.

First, there remain significant barriers to referring clinicians and patients/carers
considering surgery for the treatment of epilepsy. Despite decades of reported experience and

increasing physician and patient/carer education, misconceptions persist about the relative safety
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and comparative efficacy of surgery and long-term ASM exposure. Further, widespread global
inadequate access to comprehensive epilepsy centres and socioeconomic barriers impede early
referral and the potential opportunity to undergo surgery.®>* To offer expedited epilepsy surgery
in children with lesional epilepsy requires a carefully considered and informed discussion
between an interdisciplinary provider team, the caregivers, and the patient. We envision anearly
clinic visit where treatment options are discussed including expedited surgery, early.presurgical
evaluation with continued trial of medication alone, and the current paradigm.of awaiting the
development of drug resistance prior to surgical evaluation. The risks and benefits-of surgical
intervention (potential to stop seizures, cease/reduce ASM use, and surgical complications) and
long-term ASM use (toxicities, life-long use) should be discussed using the best available data-
driven recommendations. Careful consideration of the individual patient’s neuroimaging
findings, neurocognitive function, comorbidities, current’/ASM regimen, and complication rates
should inform these discussions. These challenges are evident in both resource-rich and -poor
settings.

Secondly, there remain significant delays in pre-surgical evaluation, specifically EEG
videotelemetry services, which require specialist infrastructure and expertise.>® However, in our
view, which we acknowledge is not-uniformly agreed,*® ictal EEG may not play a significant role
in presurgical decision-makingin patients with unilateral epileptogenic MRI abnormalities. In
this particular subset of patients who have well controlled epilepsy, ictal EEG may also be
difficult to obtain and<drug reduction to elicit seizures may be associated with risks (e.g. status
epilepticus and injuries) that require careful weighing against the potential benefits. An interictal
EEG may besufficient.in these circumstances to rule out generalized epileptiform activity and
may reveal topographically concordant interictal epileptiform activity.>”® Early referral to
comprehensive epilepsy centres that have made a concerted effort to streamline the presurgical
evaluation process would undoubtedly help mitigate this issue and may even facilitate even
earlier assessment of more complex cases, such as lesion negative children by freeing up
videotelemetry services. Although 30% of FCDs may be ‘MRI negative’,”® increasing the
identification of these lesions through quantitative analyses of MRI scans may aid prompt
radiological diagnoses and facilitate expedited surgery even in these more complex cases.®!2
Given recent advances in low-cost, portable MRI machines,® it is not unreasonable to

imagine that such changes in presurgical evaluation paradigms may also aid the establishment of
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robust epilepsy surgery programs in LMICs, with associated benefits both at individual patient
and health economic levels.

Whilst the idea of expedited epilepsy surgery has the potential to improve outcomes in
children, it should only be considered in the hands of highly experienced comprehensive epilepsy
centres. As such, these approaches may be prone to experimental bias as well financial‘conflicts
of interest. Thus, consideration of candidacy evaluation and implicit bias generated from the
practice patterns and healthcare climate at an individual institution must be carefully considered
when implementing epilepsy surgery prior to established DRE.

There are also challenges to developing the evidence base

A final challenge is developing the evidence base to demonstrate the efficacy of
expedited surgery. Here, we outline potential avenues forstudy that would establish the evidence
base, acknowledging the many challenges associated-with running such studies.

Whilst randomized controlled trials are.the pinnacle of the medical evidence hierarchy,
patient/public involvement work is needed to.identify if such a study — i.e., randomization
patients to expedited surgery or standard care-arms — would be acceptable and feasible. An
essential prerequisite would be'to establish whether referring clinicians would refer their patients
into such a study. Thus, eqUipoise®*in the paediatric epilepsy community is required to shape the
future of expedited surgery. Some may argue that waiting for drug resistance minimizes the
number of children undergoing surgery and may improve localization if ictal EEG
videotelemetry is.obtained for every child. However, given the proliferation of literature and
endorsement of epilepsy surgery through international governing bodies such as the ILAE (going
back-over:15 years), it is not unreasonable to think that a paradigm shift of considering
expedited surgery in selected lesional epilepsies could occur.

Another major challenge is in assessing the correct outcomes (time to first seizure,
seizure freedom, neurocognitive outcomes, etc.) at appropriate timepoints. In addition to seizure
frequency, cognitive and quality of life outcomes measures are equally important.®® Cognitive
benefits of surgery may not be quantifiable until late time points post-operatively.®> Thus, age-
specific metrics (adjusted over time) are essential for accurately measuring the efficacy of

surgery. Expedited surgery necessitates challenging traditional paradigms of measuring
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outcomes at a fixed time from surgery, otherwise there would be mismatch in randomization
arms (Figure 2). Rather, we propose using time from randomization (i.e., time of FCD/LEAT
diagnosis on MRI) as ‘time’ in a time-to-event analysis. This is because those in the early
surgery arm are more likely to experience recurrence whilst more patients in the standard care
arm are likely to have undergone surgery. Therefore, use of a fixed time-point would not
accurately facilitate comparison and result in mismatched cohorts (Figure 2).

However, we acknowledge that robustly establishing the benefits requires long-term
follow-up of neuropsychological and developmental outcomes. The effect size-may-be small,
requiring a large sample size, will be confounded by heterogeneous baselines:and such studies
may prove very expensive and onerous to run. In addition, select experienced centres that are
already offering such expedited surgery may see it as unethical to.randomise patients to surgical
treatment at drug resistance. Ultimately, large prospective.registries during the paradigm shift
(i.e. when there is variation in treatment across centres) may-be an alternative means to generate
the required evidence base.

Population-level risks-benefit balance may be optimised by improving our ability to
predict drug resistance at disease onset.****Comprehensive deep phenotyping and multimodal
assessments including MRI, EEG,.genetic and neuropsychological assessments at epilepsy onset
may facilitate data-driven approaches to predict drug resistance in individual patients, but this
requires concerted effort to set.up platforms to established multi-centre robust cohorts, which are
currently limited to patients with established epilepsy only.®® Optimising our ability to predict
outcomes including drug resistance, seizure freedom following surgery,®® developmental
trajectories with and without surgery will facilitate informed shared decision-making discussions

with children and.their parents.’®"2

Conclusion

Expedited epilepsy surgery prior to drug resistance challenges conventional dogma.
However at experienced centers, expedited surgery may result in better seizure outcomes, earlier
improvements in quality of life and less time on ASMs for carefully selected patients who are
predicted to develop drug resistance. It may also change the natural history of aberrant brain

network dynamics and disruption of neurocognitive development associated with ongoing

10
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abnormal oscillatory and seizure activity. Considering the role of surgery as a first-line option for
select lesional epilepsies in children (Figure 3), in our opinion, is an approach which may reduce

morbidity, and improve neurocognitive outcomes in children with lesional epilepsy.

Competing interests

AC is supported by a Great Ormond Street Hospital Children’s Charity-Surgeon Scientist
Fellowship. This work was supported by the National Institute of Health Research=Great
Ormond Street Hospital Biomedical Research Centre.

JHC hold as endowed chair at UCL Great Ormond Street Institute of Child Health; she
holds grants from NIHR, EPSRC, GOSH Charity, ERUK, the Waterloo Foundation and the
Great Ormond Street Hospital Biomedical Research Centre. She has acted as an investigator for
studies with GW Pharma, Zogenix, Vitaflo, Stoke Therapeutics and Marinius. She has been a
speaker and on advisory boards for GW Pharma, Zogenix, and Nutricia; all remuneration has

been paid to her department.

Funding
A.C. is supported by a Great: Ormond Street Hospital Children’s Charity Surgeon Scientist

Fellowship. This work was supported by the National Institute of Health Research—Great

Ormond Street Hospital Biomedical Research Centre.

11

220z 1snbny Q| uo Jasn uopuo abejj0n Alstealun Agq 0¥£0S99/G/ZoBME/UIRIG/SE0L "0 L /I0P/a]0IiB-80UBAPE/UIRIG/WOD dNO™OIWapeoR//:sdly WOol) pepeojumoq



u b WN -

N o

10
11

12
13
14

15
16
17

18
19
20

21
22
23

24
25

26
27

28
29

30
31
32

33
34

35
36

References

1.

10.

11.

12.

13.

Vaughan KA, Lopez Ramos C, Buch VP, et al. An estimation of global volume of
surgically treatable epilepsy based on a systematic review and meta-analysis of epilepsy.
J Neurosurg. 2018:1-15.

Gaillard WD, Jette N, Arnold ST, et al. Establishing criteria for pediatric epilepsy surgery
center levels of care: Report from the ILAE Pediatric Epilepsy Surgery Task Force.
Epilepsia. 2020;61(12):2629-2642.

Braun KPJ. Influence of epilepsy surgery on developmental outcomes in children.
European journal of paediatric neurology : EJPN : official journal of the European
Paediatric Neurology Society. 2020;24:40-42.

Cloppenborg T, van Schooneveld M, Hagemann A, et al. Development and Validation of
Prediction Models for Developmental and Intellectual Outcome Following Pediatric
Epilepsy Surgery. Neurology. 2021.

Skirrow C, Cross JH, Owens R, et al. Determinants.of 1Q outcome after focal epilepsy
surgery in childhood: A longitudinal case-control.neuroimaging study. Epilepsia.
2019;60(5):872-884.

Lamberink HJ, Otte WM, Blimcke I, Braun KPJ. Seizure outcome and use of
antiepileptic drugs after epilepsy surgery according to histopathological diagnosis: a
retrospective multicentre cohort study. The Lancet Neurology. 2020;19(9):748-757.

Kwan P, Arzimanoglou A; Berg AT, et al. Definition of drug resistant epilepsy:
consensus proposal by the ad hoc Task Force of the ILAE Commission on Therapeutic
Strategies. Epilepsia. 2010;51(6):1069-1077.

Buttle SG, Muir K, Dehnoei S, Webster R, Tu A. Referral practices for epilepsy surgery
in pediatric patients: A North American Study. Epilepsia. 2021.

Samanta D, Ostendorf AP, Willis E, et al. Underutilization of epilepsy surgery: Part I: A
scoping.review of barriers. Epilepsy Behav. 2021;117:107837.

Braun KPJ, Cross JH. Pediatric epilepsy surgery: the earlier the better. Expert review of
neurotherapeutics. 2018;18(4):261-263.

Pelliccia V, Deleo F, Gozzo F, et al. Early and late epilepsy surgery in focal epilepsies
associated with long-term epilepsy-associated tumors. J Neurosurg. 2017;127(5):1147-
1152.

Jobst BC, Cascino GD. Resective epilepsy surgery for drug-resistant focal epilepsy: a
review. Jama. 2015;313(3):285-293.

Faramand AM, Barnes N, Harrison S, et al. Seizure and cognitive outcomes after
resection of glioneuronal tumors in children. Epilepsia. 2018;59(1):170-178.

12

220z 1snbny Q| uo Jasn uopuo abejj0n Alstealun Agq 0¥£0S99/G/ZoBME/UIRIG/SE0L "0 L /I0P/a]0IiB-80UBAPE/UIRIG/WOD dNO™OIWapeoR//:sdly WOol) pepeojumoq



10
11
12

13
14

15
16

17
18
19

20
21
22
23

24
25
26

27
28

29
30

31
32

33
34
35

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Zvi IB, Enright N, D'Arco F, et al. Children with seizures and radiological diagnosis of
focal cortical dysplasia: can drug-resistant epilepsy be predicted earlier? Epileptic
disorders : international epilepsy journal with videotape. 2021.

Blumcke I, Spreafico R, Haaker G, et al. Histopathological Findings in Brain Tissue
Obtained during Epilepsy Surgery. N Engl J Med. 2017;377(17):1648-1656.

Wagstyl K, Whitaker K, Raznahan A, et al. Atlas of lesion locations and postsurgical
seizure freedom in focal cortical dysplasia: A MELD study. Epilepsia. 2021.

Pindrik J, Hoang N, Smith L, et al. Preoperative evaluation and surgical management of
infants and toddlers with drug-resistant epilepsy. Neurosurgical focus. 2018;45(3):E3.

Bjellvi J, Olsson I, Malmgren K, Wilbe Ramsay K. Epilepsy-duration'and seizure
outcome in epilepsy surgery: A systematic review and meta-analysis. Neurology.
2019;93(2):€159-e166.

Hesdorffer DC, Tomson T, Benn E, et al. Combined analysis of risk factors for SUDEP.
Epilepsia. 2011;52(6):1150-1159.

Wagstyl K, Whitaker K, Raznahan A, et al-Atlas of lesion locations and postsurgical
seizure freedom in focal cortical dysplasia: A'MELD study. Epilepsia. 2022;63(1):61-74.

Kim DW, Kim HK, Lee SK, Chu K, Chung CK. Extent of neocortical resection and
surgical outcome of epilepsy: intracranial EEG analysis. Epilepsia. 2010;51(6):1010-
1017.

Hessen E, Lossius MI; Reinvang I, Gjerstad L. Influence of major antiepileptic drugs on
attention, reaction time; and.speed of information processing: results from a randomized,
double-blind, placebo-controlled withdrawal study of seizure-free epilepsy patients
receiving monotherapy. Epilepsia. 2006;47(12):2038-2045.

Ketter TA, Post RM, Theodore WH. Positive and negative psychiatric effects of
antiepileptic drugs in patients with seizure disorders. Neurology. 1999;53(5 Suppl 2):S53-
67.

Lagae-L. Cognitive side effects of anti-epileptic drugs. The relevance in childhood
epilepsy. Seizure. 2006;15(4):235-241.

Gaitatzis A, Sander JW. The long-term safety of antiepileptic drugs. CNS Drugs.
2013;27(6):435-455.

Loring DW, Meador KJ. Cognitive side effects of antiepileptic drugs in children.
Neurology. 2004,62(6):872-877.

Boshuisen K, Arzimanoglou A, Cross JH, et al. Timing of antiepileptic drug withdrawal

and long-term seizure outcome after paediatric epilepsy surgery (TimeToStop): a
retrospective observational study. The Lancet Neurology. 2012;11(9):784-791.

13

220z 1snbny Q| uo Jasn uopuo abejj0n Alstealun Agq 0¥£0S99/G/ZoBME/UIRIG/SE0L "0 L /I0P/a]0IiB-80UBAPE/UIRIG/WOD dNO™OIWapeoR//:sdly WOol) pepeojumoq



10
11

12
13
14

15
16
17

18
19

20
21

22
23

24
25
26
27

28
29

30
31
32

33
34

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Boshuisen K, van Schooneveld MM, Uiterwaal CS, et al. Intelligence quotient improves
after antiepileptic drug withdrawal following pediatric epilepsy surgery. Ann Neurol.
2015;78(1):104-114.

Durnford AJ, Rodgers W, Kirkham FJ, et al. Very good inter-rater reliability of Engel
and ILAE epilepsy surgery outcome classifications in a series of 76 patients. Seizure.
2011;20(10):809-812.

Reilly C, Baldeweg T, Stewart N, et al. Do behavior and emotions improve after pediatric
epilepsy surgery? A systematic review. Epilepsia. 2019;60(5):885-897.

Reilly C, Hallbook T, Viggedal G, Rydenhag B, Uvebrant P, Olsson I. Parent-reported
symptoms of ADHD in young people with epilepsy before andtwo years after epilepsy
surgery. Epilepsy Behav. 2019;94:29-34.

Reilly C, Taft C, Edelvik A, Olsson I, Malmgren K. Health-related quality of life and
emotional wellbeing improve in parents after their children have undergone epilepsy
surgery - A prospective population-based study. Epilepsy Behav. 2017;75:196-202.

Zvi 1B, Enright N, D'Arco F, et al. Children with seizures and radiological diagnosis of
focal cortical dysplasia: can drug-resistant epilepsy be predicted earlier? Epileptic
disorders : international epilepsy journal with videotape. 2022;24(1):111-122.

Baldassari S, Ribierre T, Marsan E;.et al. Dissecting the genetic basis of focal cortical
dysplasia: a large cohort study. Acta Neuropathol. 2019;138(6):885-900.

Guerrini R, Cavallin M, Pippucci T, et al. Is Focal Cortical Dysplasia/Epilepsy Caused by
Somatic MTOR Mutations Always a Unilateral Disorder? Neurol Genet. 2021;7(1):e540.

Lim JS, Gopalappa R, Kim SH, et al. Somatic Mutations in TSC1 and TSC2 Cause Focal
Cortical Dysplasia. Am J Hum Genet. 2017;100(3):454-472.

Blumcke I, Aronica E, Urbach H, Alexopoulos A, Gonzalez-Martinez JA. A
neuropathology-based approach to epilepsy surgery in brain tumors and proposal for a
new terminology use for long-term epilepsy-associated brain tumors. Acta Neuropathol.
2014;128(1):39-54.

Thom M, Blimcke I, Aronica E. Long-term epilepsy-associated tumors. Brain pathology
(Zurich, Switzerland). 2012;22(3):350-379.

Jeong W, Jin SH, Kim M, Kim JS, Chung CK. Abnormal functional brain network in
epilepsy patients with focal cortical dysplasia. Epilepsy research. 2014;108(9):1618-
1626.

Lee DA, Lee HJ, Kim HC, Park KM. Alterations of structural connectivity and structural
co-variance network in focal cortical dysplasia. BMC neurology. 2021;21(1):330.

14

220z 1snbny Q| uo Jasn uopuo abejj0n Alstealun Agq 0¥£0S99/G/ZoBME/UIRIG/SE0L "0 L /I0P/a]0IiB-80UBAPE/UIRIG/WOD dNO™OIWapeoR//:sdly WOol) pepeojumoq



10
11

12
13
14

15
16

17
18

19
20
21

22
23
24

25
26
27

28
29

30
31
32

33
34

41.

42.

43.

44,

45,

46.

471.

48.

49,

50.

51.

52.

53.

Chari A, Seunarine KK, He X, et al. Drug-resistant focal epilepsy in children is
associated with increased modal controllability of the whole brain and epileptogenic
regions. Communications Biology. 2022;5(1):394.

Kreilkamp BAK, McKavanagh A, Alonazi B, et al. Altered structural connectome in non-
lesional newly diagnosed focal epilepsy: Relation to pharmacoresistance. Neuroimage
Clin. 2021;29:102564.

Tang F, Hartz AMS, Bauer B. Drug-Resistant Epilepsy: Multiple Hypotheses, Few
Answers. Frontiers in neurology. 2017;8:301.

Sheybani L, Birot G, Contestabile A, et al. Electrophysiological Evidence for the
Development of a Self-Sustained Large-Scale Epileptic Network in the Kainate Mouse
Model of Temporal Lobe Epilepsy. J Neurosci. 2018;38(15):3776-3791.

da Silva NM, Forsyth R, McEvoy A, et al. Network reorganisation following anterior
temporal lobe resection and relation with post-surgery seizure relapse: A longitudinal
study. Neuroimage Clin. 2020;27:102320.

Lariviére S, Rodriguez-Cruces R, Royer J, et al..Network-based atrophy modeling in the
common epilepsies: A worldwide ENIGMA:study. Sci Adv. 2020;6(47).

Whelan CD, Altmann A, Botia JA, et al. Structural brain abnormalities in the common
epilepsies assessed in a worldwide-ENIGMA study. Brain. 2018;141(2):391-408.

Picot MC, Jaussent A, Neveu D, et al. Cost-effectiveness analysis of epilepsy surgery in a
controlled cohort of adult patients with intractable partial epilepsy: A 5-year follow-up
study. Epilepsia. 2016;57(10):1669-1679.

Widjaja E, Li B, Schinkel'CD, et al. Cost-effectiveness of pediatric epilepsy surgery
compared to.medical treatment in children with intractable epilepsy. Epilepsy research.
2011;94(1<2):61-68.

O'Donohoe TJ, Choudhury A, Callander E. Global macroeconomic burden of epilepsy
and the rolefor neurosurgery: a modelling study based upon the 2016 Global Burden of
Disease data. European journal of neurology. 2020;27(2):360-368.

Radhakrishnan K. Challenges in the management of epilepsy in resource-poor countries.
Nat Rev Neurol. 2009;5(6):323-330.

Mehvari Habibabadi J, Moein H, Jourahmad Z, et al. Outcome of epilepsy surgery in
lesional epilepsy: Experiences from a developing country. Epilepsy Behav.
2021;122:108221.

Watila MM, Xiao F, Keezer MR, et al. Epilepsy surgery in low- and middle-income
countries: A scoping review. Epilepsy Behav. 2019;92:311-326.

15

220z 1snbny Q| uo Jasn uopuo abejj0n Alstealun Agq 0¥£0S99/G/ZoBME/UIRIG/SE0L "0 L /I0P/a]0IiB-80UBAPE/UIRIG/WOD dNO™OIWapeoR//:sdly WOol) pepeojumoq



11
12
13
14

15
16
17

18
19
20

21
22

23
24

25
26

27
28
29

30
31
32

33
34
35

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Buttle SG, Muir K, Dehnoei S, Webster R, Tu A. Referral practices for epilepsy surgery
in pediatric patients: A North American Study. Epilepsia. 2022;63(1):86-95.

Martinez-Juérez IE, Funes B, Moreno-Castellanos JC, et al. A comparison of waiting
times for assessment and epilepsy surgery between a Canadian and a Mexican referral
center. Epilepsia Open. 2017;2(4):453-458.

Thamcharoenvipas T, Takahashi Y, Kimura N, Matsuda K, Usui N. Localizing and
Lateralizing Value of Seizure Onset Pattern on Surface EEG in FCD Type Il. Pediatr
Neurol. 2022;129:48-54.

Patil SG, Cross JH, Kling Chong W, et al. Is streamlined evaluation of children for
epilepsy surgery possible? Epilepsia. 2008;49(8):1340-1347.

Kobulashvili T, Kuchukhidze G, Brigo F, et al. Diagnostic and-prognostic value of
noninvasive long-term video-electroencephalographic monitoring in epilepsy surgery: A
systematic review and meta-analysis from the E-PILEPSY  consortium. Epilepsia.
2018;59(12):2272-2283.

Rémi J, Shen S, Tacke M, et al. Congruence and Discrepancy of Interictal and Ictal EEG
With MRI Lesions in Pediatric Epilepsies. Clinical EEG and neuroscience.
2020;51(6):412-419.

Sharma P, Scherg M, Pinborg LH;et al. Ictal and interictal electric source imaging in pre-
surgical evaluation: a prospective study. European journal of neurology.
2018;25(9):1154-1160.

Isen J, Perera-Ortega A, V0s SB, et al. Non-parametric combination of multimodal MRI
for lesion detection in focal epilepsy. Neuroimage Clin. 2021;32:102837.

Spitzer H, Ripart M, Whitaker K, et al. Interpretable surface-based detection of focal
cortical dysplasias: a MELD study. medRxiv. 2021:2021.2012.2013.21267721.

Wald LL,/McDaniel PC, Witzel T, Stockmann JP, Cooley CZ. Low-cost and portable
MRI. J Magn Reson Imaging. 2020;52(3):686-696.

Weijer'C, Shapiro SH, Cranley Glass K. For and against: clinical equipoise and not the
uncertainty principle is the moral underpinning of the randomised controlled trial. Bmj.
2000;321(7263):756-758.

Cross JH, Jayakar P, Nordli D, et al. Proposed criteria for referral and evaluation of
children for epilepsy surgery: recommendations of the Subcommission for Pediatric
Epilepsy Surgery. Epilepsia. 2006;47(6):952-959.

Maragkos GA, Geropoulos G, Kechagias K, Ziogas IA, Mylonas KS. Quality of Life

After Epilepsy Surgery in Children: A Systematic Review and Meta-Analysis.
Neurosurgery. 2019;85(6):741-749.

16

220z 1snbny Q| uo Jasn uopuo abejj0n Alstealun Agq 0¥£0S99/G/ZoBME/UIRIG/SE0L "0 L /I0P/a]0IiB-80UBAPE/UIRIG/WOD dNO™OIWapeoR//:sdly WOol) pepeojumoq



W

00N O U

10

11
12
13

14
15
16

17
18
19

20
21

67.

68.

69.

70.

71.

72.

73.

Crocker CE, Pohlmann-Eden B, Schmidt MH. Role of neuroimaging in first seizure
diagnosis. Seizure. 2017;49:74-78.

Sisodiya SM, Whelan CD, Hatton SN, et al. The ENIGMA-Epilepsy working group:
Mapping disease from large data sets. Human brain mapping. 2020;43(1):113-128.

Lamberink HJ, Otte WM, Geerts AT, et al. Individualised prediction model of seizure
recurrence and long-term outcomes after withdrawal of antiepileptic drugs in‘seizure-free
patients: a systematic review and individual participant data meta-analysis. The-Lancet
Neurology. 2017;16(7):523-531.

Pickrell WO, Elwyn G, Smith PE. Shared decision-making in epilepsy.management.
Epilepsy Behav. 2015;47:78-82.

Samanta D, Hoyt ML, Perry MS. Parental experience and decision-making for epilepsy
surgery: A systematic review of qualitative and quantitative studies. Epilepsy Behav.
2021;123:108263.

Samanta D, Ostendorf AP, Singh R, et al. Physicians' Perspectives on Presurgical
Discussion and Shared Decision-Making in Pediatric Epilepsy Surgery. Journal of child
neurology. 2022;37(5):416-425.

Engel J, Jr., McDermott MP, Wiebe S, et al. Early surgical therapy for drug-resistant
temporal lobe epilepsy: a randomized trial. Jama. 2012;307(9):922-930.

17

220z 1snbny Q| uo Jasn uopuo abejj0n Alstealun Agq 0¥£0S99/G/ZoBME/UIRIG/SE0L "0 L /I0P/a]0IiB-80UBAPE/UIRIG/WOD dNO™OIWapeoR//:sdly WOol) pepeojumoq



O 00 N OO U A W N B

W W N N N N N N NN NN P P P R P P R P R o
P O VW 00 N O U1 B W N P O W 0 N O U1 B W N P, O

Figure legends

Figure 1 Flow diagram of the potential benefits of expedited epilepsy surgery. We
hypothesize that the main benefits stem from the reduction of seizure burden and time on ASMs,
ultimately resulting in improved outcomes (including quality of life) and health economic

benefits.

Figure 2 Illustration of the challenges of robust outcome assessment in expedited surgery
trials. (A) Traditional patient timeline with regards to epilepsy surgery. The green-circle
represents seizure onset, red circle represents definition of DRE, yellow circle represents the
timing of pre-surgical evaluation (in the best of cases), and the blue circle represents time of
epilepsy surgery. (B) Patient timelines in the Early Randomized Surgical Epilepsy Trial
(ERSET),” which compared medical therapy to early surgery:soon (< 2 years) after the
development of drug resistance, in which both groups were-fallowed up for a similar timeframe
of 2 years from surgery or randomization; few patients in the medical therapy arm underwent
surgery in this study. (C) Challenges of the approach of trying to compare expedited surgery
with standard care. As the timepoint of assessment increases from 1 - 4, the proportion of
seizure-free patients in the expedited-surgery-arm is likely to decrease whilst the proportion of
those undergoing surgery in the standard care arm is likely to increase (as illustrated in the graph
on the right). Ultimately, although we are interested in long-term outcomes, measuring this may
be less feasible.

Figure 3 Example of child that underwent expedited epilepsy surgery. He started having
episodesof slow laughter followed by confusion, consistent with temporal lobe seizures, at age
13 and was diagnosed with epilepsy 2 months later. At this stage, he underwent an MRI scan
revealing a right temporal lesion consistent with a dysembryoplastic neuroepithelial tumour
DNET) and was started on Carbamazepine. Despite being seizure free, he was referred to a
comprehensive epilepsy surgery centre 3 months after the diagnosis of epilepsy. His seizures
recrudesced 8 months after diagnosis and was controlled with an increase in the Carbamazepine

dose. He underwent presurgical evaluation.

(A) Axial and coronal T2 weighted images obtained as part of epilepsy protocol MRI showing a
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right temporal T2 hyperintense lesion consistent with a DNET. (B) Interictal EEG showing
spike-wave discharges over the right anterior temporal region during sleep on a normal
background rhythm. (C) Neuropsychological evaluation revealing average performance across
all domains of the Wechsler Intelligence Scale for Children (5™ UK edition). This was
accompanied by average performance in language, memory, visual motor and academic

attainment, adaptive behaviour and executive functioning scales.
He was offered surgery 12 months after diagnosis. He underwent a right temporal-lesionectomy,

sparing the mesial temporal structures, 17 months after diagnosis whilst still on'a single ASM.

Histology confirmed a DNET. He is seizure free (Engel class 1A) 6 months after surgery.
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