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Children with epileptic encephalopathy often have global impairment of brain function and frequent intractable seizures, which
contribute further to their developmental disability. Many of these children have identifiable brain lesion on neurological imaging.
In such cases, epilepsy surgery may be considered as a treatment option despite the lack of localized epileptic pattern on
electroencephalogram (EEG). In this paper, we summarize the clinical features of epileptic encephalopathy syndromes and review
the reported literature on the surgical approach to some of these disorders.

1. Introduction

Epileptic encephalopathy is defined as a condition in which
the epileptiform abnormalities themselves are believed to
contribute to the progressive disturbance in cerebral function
[1]. The report of the International League Against Epilepsy
(ILAE) Task Force on Classification and Terminology in-
cludes eight syndromes under epileptic encephalopathies.
One common feature among these epilepsy syndromes is the
suboptimal response to treatment with antiepileptic medi-
cations. This invited the utilization of epilepsy surgery in
selected patients who have structural brain lesion believed to
be the cause of epilepsy.

In this paper, we briefly review the clinical features of dif-
ferent epileptic encephalopathy syndromes and summarize
the reported literature on the surgical approach and manage-
ment of some of these disorders.

2. Classification of Epileptic Encephalopathies

According to the age of onset, epileptic encephalopathy syn-
dromes may be divided into two main groups.

2.1. Infantile Epileptic Encephalopathies

2.1.1. Ohtahara Syndrome. First described in 1976 by Ohta-
hara, Ohtahara Syndrome is characterized by tonic seizures
and burst suppression pattern on EEG [2]. Symptoms develop
earlier than other forms of epileptic encephalopathies within
the first 3months of life, usually in the first 10 days. Etiology is
unclear but it generally accompanies structural brain anoma-
lies. Seventy-five percent of cases turn into West syndrome
within 3 to 6 months, and some of these turn into Lennox-
Gastaut syndrome. Seizures are resistant to treatment and
generally have a poor prognosis.

2.1.2. Early Myoclonic Encephalopathy. Has an early onset
within the first few months of life in the form of erratic, frag-
mentary, or massive myoclonic seizures. Frequency varies
from occasional to almost continuous myoclonus. Infants
have severe delay in development, hypotonia, and disturbed
alertness, sometimes with vegetative state. EEG is charac-
terized by a burst-suppression pattern. Erratic myoclonus
does not generally have an ictal EEG counterpart. Etiology
remains often unknown. Some inborn errors of metabolism
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were suggested such as nonketotic hyperglycinemia, propi-
onic acidemia, molybdenum cofactor deficiency, andmethyl-
malonic acidemia. Cerebral malformations can also cause
earlymyoclonic encephalopathy, butmore often they produce
Ohtahara syndrome [3]. The prognosis is poor since there is
no effective therapy.

2.1.3. West Syndrome. It usually occurs in the first year of life
and consists of the triad of infantile spasms, developmental
deterioration, and hypsarrhythmia pattern on EEG [4].There
is a broad range of potential causes, including cerebral mal-
formations, infection, hemorrhage, hypoxic ischemic injury,
metabolic disorders, and genetic conditions, such as Down
syndrome [5]. No clear etiology is found in approximately
25–40%of cases. Adrenocorticotropin hormone (ACTH) and
vigabatrin are widely used for treatmentwith variable degrees
of success depending on the etiology. The ketogenic diet was
found to be helpful in some cases [6]. Focal cortical resection
or hemispherectomy may be considered for cases that are
lesional and medically intractable [7]. The developmental
prognosis depends partially on the etiology; normal develop-
ment was described in 51% of cryptogenic cases versus only
6% of symptomatic cases.

2.1.4. SevereMyoclonic Epilepsy in Infancy (Dravet Syndrome).
It presents typically with frequent myoclonic seizures in the
first year of life. They are often associated with fever and
involve one side of the body although both sides of the body
may be involved [8]. During the second year of life seizures
become more persistent and no longer occur in association
with fever. The early development of affected children is
usually normal, but during the second year of life devel-
opmental regression occurs affecting mainly language and
cognitive skills. OnEEG there are spike andwave or polyspike
discharges, which may be generalized or regional. 35–40%
of patients have mutation of the SCN1A gene [9]. Seizures
are very resistant to antiepileptic drugs. A combination of
sodium valproate with either topiramate or stiripentol may
be the most helpful. A short course of prednisolone and the
ketogenic diet may also be helpful. Children with Dravet
syndrome continue to have severe developmental disabilities
and learning difficulties requiring full educational support.

2.2. Childhood Epileptic Encephalopathies

2.2.1. Lennox-Gastaut Syndrome (LGS). It is characterized by
multiple seizure types, mental retardation or regression, and
characteristic findings on EEGwith paroxysms of fast activity
and generalized slow spike and wave discharges (1.5–2Hz).
Seizure onset is usually at 1–8 years, peaking between 3 and
4 years. The most common seizure types are tonic, atonic,
and atypical absence seizures, but myoclonic and generalized
tonic-clonic seizures can be observed [10, 11]. According to
etiology it is divided into cryptogenic or symptomatic. Symp-
tomatic cases may be secondary to hypoxic ischemic enceph-
alopathy, congenital brainmalformation, vascularmalforma-
tion, genetic conditions like tuberous sclerosis, trauma, brain
tumor, or perinatal meningoencephalitis [12]. Antiepileptic
medications, ketogenic diet, and hormonal therapies are used

in treatment with variable success. Surgical treatment has
been suggested for patients with structural brain lesions as
discussed below.

2.2.2. Electrical Status Epilepticus during Slow Sleep (ESES). It
is a disorder that includes clinical manifestations of variable
seizure types, deterioration of neuropsychological functions,
and typical EEG pattern of continuous spikes and waves dur-
ing slow sleep [13].The age of onset ranges between 2 months
and 12 years, with a peak around 3 to 5 years. Etiology is often
unclear. BrainMRI shows diffuse or unilateral atrophy in 33%
of cases [14]. Seizures may become self-limited and disappear
in the midteens. However, many of affected children do not
return to normal levels, particularly in the verbal area and
attention [15].

2.2.3. Landau-Kleffner Syndrome (LKS). It is also known as
acquired epileptic aphasia since this is the main clinical fea-
ture of this syndrome in addition to the presence of frequent
spikes in the temporal or centrotemporal region activated
during sleep. Onset is between 2 and 7 years in children with
previously normal development [16]. It is more common in
males. The presence of normal development in premorbid
period is an important feature; however, preexisting language
anomaly was described in 13% of cases [17].Many therapeutic
modalities have been tried with variable success. Among
these are anticonvulsants, corticosteroids, IV immunoglob-
ulin, ketogenic diet, and surgical intervention with multiple
subpial transactions (MSTs) [18].

3. Surgical Approach to Children with
Epileptic Encephalopathy

Epilepsy surgery was originally introduced as a treatment
modality for patients who had localized epileptiform dis-
charges on EEG. These findings are important clues to the
cortical region that has to be removed to stop the seizures,
and they remain a cornerstone of selection for surgery in
most cases. However, over the years and with the advances
achieved in neuroimaging, workers in this field developed
more comprehensive approach to these patients, and the plan
for epilepsy surgery nowadays is built on data gathered from
EEG, magnetic resonance imaging (MRI), positron emis-
sion tomography (PET), single-photon emission-computed
tomography (SPECT), neurologic examination, and seizure
semiology [19]. The level of concordance between these
different sources of data correlates with postsurgical seizure
freedom rates.

EEG in patients with epileptic encephalopathy due to
congenital or early acquired brain lesion may sometimes
reveal diffuse or bilaterally distributed multifocal epilepti-
form activity. “The exception to the rule” for surgical candi-
dacy despite generalized or bilateral multifocal EEG features
is based on the experience gained during infancy and early
childhood, when the age-related pattern of hypsarrhyth-
mia may manifest in response to a variety of diffuse or
focal brain insults or lesions [7]. Furthermore, it has been
noted that localized cortical abnormalities may occasion-
ally cause generalized epilepsies such as Lennox-Gastaut
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Figure 1: EEG prior to surgery showing generalized hypsarrhythmia.

syndrome [19]. The exact mechanisms behind these phe-
nomena are unknown, but the generalized and contralateral
epileptiform discharges may be a manifestation of poten-
tially reversible secondary epileptogenesis resulting from an
interaction between the early lesion and the developing
brain [20] although further research is needed to refine this
understanding.

Based on the above, it has been proposed that infants
and young children with intractable epilepsy and focal brain
lesionmay be candidates for epilepsy surgery despite the pres-
ence of generalized EEG seizures and a diffuse pattern of
multifocal or bilateral epileptiform discharges [7, 21, 22].

3.1. Case Illustrations. The following two examples illustrate
the successful utilization of epilepsy surgery in such clinical
scenarios.

Case 1. A 7-month-old infant girl was born at full term
after uncomplicated pregnancy and normal delivery and
presented with increasing number of epileptic spasms at
age 3 months. She had an initial normal development. EEG
confirmed the presence of hypsarrhythmia pattern (Figure 1).
BrainMRI showed vascularmalformation in the left temporal
lobe (Figure 2). Conventional antiepileptic treatment was
initially tried using adrenocorticotropin hormone (ACTH)
then topiramate. This resulted in partial control of her
spasms. Then at age of 11 months it was determined that
surgical resection of the left temporal vascular lesion would
be beneficial since the child failedmedication therapy and the
vascular malformation carries a risk of intracranial hemor-
rhage (Figure 3). The child became seizure-free after surgery
despite weaning off all antiepileptic medications 6 months
later. Developmentally she made remarkable progress after
the cessation of her seizures. Three years after surgery she
remains seizure-free and developing normally for her age.

Case 2. A 9-year-old ambidextrous girl presented with in-
tractable epilepsy since age 2 years. Since the onset of her

Figure 2: Axial T2-WIMRI scan demonstrating congenital vascular
malformation in the left temporal lobe.

Figure 3: Postoperative axial T2-WIMRI scan at the same level after
left temporal lobe resection.
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Figure 4: EEG prior to surgery showing multifocal sharp waves in the left and right temporal and frontal regions, maximal on the left side.

Figure 5: Coronal FLAIR MRI scan demonstrating the left mesial
temporal lesion.

seizures she had global delay of her development affecting
mainly communication, social, and cognitive skills. Despite
treatment with large number of antiepileptic medications she
continued to have 5–10 seizures daily. Her seizures start with
an aura (sensation of fear) followed by tonic posturing of the
upper bodywith eyes and head deviation to the right side, and
then she has clonic jerking of the right arm and leg. Some
of her seizures involve left hand dystonic movement and
secondary generalization. Interictal EEG showed multifocal
sharp waves in the left and right temporal and frontal regions.
However, majority of sharp waves were in the left temporal
region (Figure 4). Ictal onset was in the left frontotemporal
region in three of the recorded seizures. The other two
seizures were difficult to lateralize on scalp EEG. Brain MRI
showed nonenhancing lesion in the left mesial temporal

Figure 6: Coronal T2-WI MRI scan demonstrating the left mesial
temporal lesion.

region, which was hyperintense on T2 images (Figures 5 and
6).

Even though scalp EEG provided an evidence of mul-
tifocal bilateral epileptic process, the decision was made to
proceed with left mesial temporal resection based on the
following: (1) the presence of left mesial temporal lesion,
(2) majority of epileptic activity was recorded from the left
temporal region, (3) seizures were resistant to treatment with
antiepileptic medications, and (4) patient’s severe epilepsy
caused significant global cerebral dysfunction, and she was
not expected to have further deficit as a result of the planned
surgery. The resection was done without any major com-
plications (Figure 7). The pathology showed ganglioglioma
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Figure 7: Postoperative axial T2-WIMRI scan at the same level after
left temporal lobe resection.

(WHO grade I). On her four-month followup after surgery,
the patient remained seizure-free, and she had remarkable
improvement of her level of function.

4. Surgical Outcome of Children with
Epileptic Encephalopathy in the Literature

In 2007, Wyllie et al. reported 50 pediatric patients with
intractable epilepsy since early in life, developmental delay,
and congenital or early acquired brain lesion on MRI [23].
They had focal surgical resection or hemispherectomy despite
abundant generalized or bilateral multifocal epileptiform
discharges on preoperative EEG. Postsurgically, 72% of these
patients achieved seizure freedom, 16% hadmarked improve-
ment, 12% were not improved. Interestingly, the authors
reported no significant differences in the rate of seizure-free
outcome in association with age at seizure onset or surgery,
presence of hemiparesis, or focal clinical features during
seizures, type of lesion, or surgery type. In these cases, the
consideration of epilepsy surgery is usually influenced by
multiple factors including the presence of a unilateral or
strongly asymmetric congenital or early-acquired lesion on
neuroimaging, the severity of the refractory epilepsy, the low
risk of incurring a new postoperative neurologic deficit, and
in some patients the presence of localizing clinical features
during seizures. The most striking age-related finding in this
cohort was the age at occurrence of brain lesions. 90% of the
lesionswere congenital, perinatal, or acquired during infancy,
predominantly malformations of cortical development, or
cystic encephalomalacia.

Lee et al. analyzed data of 27 children who had Lennox-
Gastaut syndrome and underwent resective epilepsy surgery
despite the presence of abundant generalized or generalized-
contralateralmaximal andmultifocal epileptiformdischarges
on preoperative EEG [24]. 85% of these patients had iden-
tifiable lesions on brain MRI. At a mean of 33-month post-
operative followup, 60% were seizure-free and another 15%

had infrequent seizures. Interestingly, two out of four patients
without brain abnormalities on MRI became seizure-free
after resective surgery was performed on the basis of elec-
trophysiologic studies and concordant results in other mul-
timodal neuroimages. Most, 73%, of the reported patients
showed an increase in developmental quotient after seizures
declined.

A more recent study by Liu et al., of 18 patients with
Lennox-Gastaut syndrome treated surgically showed similar
results [25]. The authors reported good seizure outcome
when majority of epileptiform discharges were ipsilateral to
the brain lesion despite the presence of contralateral ictal dis-
charges. Also they noted a better intellectual outcome with
younger age at surgery or shorter interval between onset of
seizures and resective operation [25].

Several other studies have indicated that, in carefully
selected patients, early surgery during infancy or childhood
may reduce serious social, psychological, and educational
consequences of uncontrolled seizures and maximize func-
tional recovery [26–30].

Considering the overall clinical picture in epileptic
encephalopathy syndromes, one might raise the concern that
the generalized or bilateralmultifocal epileptiformdischarges
could be evidence that the lesion seen on neuroimaging
is only “the tip of the iceberg” of a more diffuse epileptic
process. This concern is supported by the presence of global
developmental delay, the diffuse nature of some of the early
brain insults such as perinatal intraventricular hemorrhage
or infection with infarction, and in many cases the absence
of focal clinical features during seizures. Features that may
overcome this concern included the catastrophic nature of
the epilepsy experienced by these devastated patients, the
lack of good response to currently available nonsurgical treat-
ments, the relatively low risk for new postoperative deficits
in patients with preexisting hemiparesis, limited language
development and/or poor functional level, and the character-
istics of the lesion on preoperative MRI [23].

5. Conclusions

Early reports of successful surgery for selected children with
infantile spasms and hypsarrhythmia were met with skep-
ticism [31], but subsequent experience with similar clinical
scenarios was supportive of this approach [7, 19, 21–25]. In
catastrophic cases of epileptic encephalopathy, indications
for surgery and assessment of its results require different
rules from those that apply to adults and older children [32].
Epilepsy surgery in carefully selected patientsmay be effective
in controlling seizures and improving neurological function
despite the lack of localized epileptic pattern on EEG. It
is expected that this new paradigm for pediatric epilepsy
surgery will be refined in the future by additional clinical
experience and further studies.
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