
Contents lists available at ScienceDirect

Seizure: European Journal of Epilepsy

journal homepage: www.elsevier.com/locate/seizure

Refractory epilepsy in preschool children with tuberous sclerosis complex:
Early surgical treatment and outcome

Martine Fohlen⁎, Delphine Taussig, Sarah Ferrand-Sorbets, Mathilde Chipaux, Nathalie Dorison,
Olivier Delalande, Georg Dorfmüller
Pediatric Neurosurgery Unit, Rothschild Foundation Hospital, Paris, France

A R T I C L E I N F O

Keywords:
SEEG
Subdural explorations
Infants
Autism spectrum disorders

A B S T R A C T

Purpose: Epilepsy surgery has been shown to be effective in treating focal epilepsy related to tuberous sclerosis
complex (TSC). We analyzed the advantage of early surgical management in terms of seizure frequency and
development.
Method: We retrospectively studied the 15 patients younger than 6 years who underwent resective surgery
between 2006 and 2016. Fourteen of them had invasive monitoring while the 15th was operated on under
corticography.
Results: Epilepsy began before 5 months of age in all patients. Overall 13 patients (86%) had a dramatic im-
provement of epilepsy after surgery (Engel 1 and 2) including 9 patients (60%) seizure free (Engel 1 A). In the
group of 9 patients younger than 20 months at the time of surgery who presented with catastrophic epilepsies,
77% are Engel 1 A and the other 23% Engel 2. In this subpopulation, no one developed autism and four (44%)
regained normal development.
Conclusions: In early onset epilepsies associated with TSC, surgical treatment is highly effective, in particular
when performed early. Invasive monitoring contributes to the successful outcome. Those data have to be con-
firmed by multicentric studies including quantitative analyses of the recordings.

1. Introduction

Tuberous sclerosis complex (TSC) is a multisystem disorder with
autosomal dominant inheritance and a high rate of de novo pathogenic
variants (60%).The incidence of this illness is 1/7000–8000 people.
Diagnostic criteria for TSC were first defined by Roach and Gomez [1]
and recently reviewed by Northrup [2].

Neurological symptoms are common in TSC as epilepsy occurs in
80–90%, cognitive impairment in 50% and autism spectrum disorders
(ASD) in up to 40%. Neurological symptoms are attributable to the
neuroanatomic abnormalities (cortical tuber, white matter abnormal-
ities, subependymal nodules and subependymal giant cell tumors);
furthermore, the elements of neuropsychiatric disorders in TSC may be
directly attributable to dysregulation of mTOR signalling [3]. Cortical
tubers are the lesions underlying epilepsy, and the epileptogenicity is
located either within the tuber [4,5], at the periphery [6] or both [7].

Of the individuals with TSC who develop epilepsy, almost 2/3 have
seizure onset in the first year of life. One third of them will develop
infantile spasms and 60% of them have drug refractory epilepsy [8].
The presence of refractory epilepsy and infantile spasms in TSC has

been shown to be significantly associated with cognitive impairment,
ASD and psychiatric disorders [9–11,3]. Moreover, any type of poorly
controlled seizures is an important predictor of ASD and, epilepsy,
when refractory, plays an aggravating role in the so-called Tuberous
sclerosis associated neuropsychiatric disorders (TAND) [3].

Epilepsy surgery has been shown to be effective in some patients
with drug-resistant epilepsies in several retrospective series [12–17]
with a cessation of the seizures in up to 50–60% ; epilepsy surgery
required a careful selection of the patients based upon imaging and
electrophysiological data including scalp and, if needed, invasive EEG-
recordings in order to accurately identify the epileptogenic zones(s)
before removal.

A good outcome after surgery has been shown to be associated with
an improvement of quality of life and neurodevelopmental disorders. In
order to support the evidence of the benefits of an early childhood
surgery on epilepsy and neurodevelopmental-associated disorders, we
are reporting on a single-centre experience of preschool children op-
erated on for epilepsy while emphasizing the selection criteria, the
surgical procedures and the outcome focusing on seizure outcome using
Engel classification [18] and on cognitive and ASD features outcomes.
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