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Abstract

Lennox-Gastaut syndrome is a severe drug-resistant developmental and epileptic encephalopathy with slow spike and wave
on EEG (DEE-SSW) composing about 1-2% of epilepsy patients. Seizures in DEE-SSW are caused by a variety of etiolo-
gies, and there is a large unmet treatment need as seizures are usually treatment-resistant and individuals are often unable
to function independently. The updated definition by the International League Against Epilepsy has established formal
diagnostic criteria allowing for more uniform diagnosis. This article provides a review of typical medication management
and treatment strategies, including new and developing surgical approaches. Future directions in treatment include expand-
ing genetic testing with the potential for gene therapy and continuously improving surgical options with the goal to prevent

progression to DEE-SSW.
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Introduction

Lennox-Gastaut syndrome is a severe drug-resistant devel-
opmental and epileptic encephalopathy (DEE-SSW), con-
sisting of numerous underlying etiologies and as such has a
large unmet treatment need. About 1-10% of children with
epilepsy have transitioned to DEE-SSW, and it represents
around 1-2% of all epilepsy patients [1]. This epilepsy syn-
drome was first described in 1966 by Gastaut as a severe
type of childhood epilepsy, intractable to treatment, and
characterized by frequent tonic seizures, atypical absence
seizures, intellectual disability, and slow spike-and-wave
discharges [2]. He termed the syndrome “childhood epileptic
encephalopathy with diffuse slow spike-waves” or “Lennox
syndrome” [2]. The ILAE first recognized this syndrome
in 1989, further describing the condition, though has only
recently established formal diagnostic criteria [3, 4]. The
goal of this review is to provide an update regarding the
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new diagnostic criteria and new and developing treatments
of this syndrome.

Definition

The ILAE has recently published updated criteria to define
DEE-SSW as a syndrome characterized by (1) multiple types
of drug-resistant seizures with onset prior to 18 years (one
of which must include tonic seizures); (2) cognitive and
potentially behavioral impairments, not necessarily present
at seizure onset; and (3) diffuse slow spike-and-wave (SSW)
and generalized paroxysmal fast activity (PFA) on EEG [3].
There has been evolution in the definition for DEE-SSW
compared to the prior definition from the ILAE in 1989, in
which DEE-SSW was described as an epilepsy manifest-
ing in children from ages 1-8 years with the most common
seizure types reported as tonic-axial, atonic, and absence
seizures, though other types such as myoclonic, GTC, or
focal seizures were also described [4]. Tonic seizures were
not considered mandatory. EEG criteria are now more spe-
cific, with the prior definition described as usually having
slow spike and wave (<3 Hz), now updated to <2.5 Hz in
the 2022 definition. In addition, the EEG was previously
described as having bursts of fast thythms nearing 10 Hz and
is now defined as diffuse or bilateral fast activity (> 10 Hz)
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in sleep. Both SSW and PFA are now requirements in the
current definition, while SSW was mentioned as a usual
characteristic in the prior definition. In addition, the prior
definition reported that there was intellectual disability
(previously defined as mental retardation) and mostly unfa-
vorable development, though this was not a clear criterion.
The updated definition has also expanded to include indi-
viduals with seizure onset prior to 18 years of age, allowing
more individuals to meet diagnostic criteria, rather than the
prior definition’s description of seizure onset between 1 and
8 years of age [3, 4].

Existing ASMs and Current Treatment Strategies

There are currently seven anti-seizure medications (ASMs)
with an FDA approval to treat DEE-SSW as adjunctive
treatment: felbamate, lamotrigine, topiramate, rufinamide,
clobazam, and the more newly approved ASMs fenfluramine
and cannabidiol.

The American Academy of Neurology (AAN), in con-
junction with the American Epilepsy Society, previously
reported that felbamate is effective for adjunctive treatment
in DEE-SSW in 1999, though caution was needed regarding
its use given the possible side effects of aplastic anemia and
liver failure [5]. In an updated practice guideline in 2004, the
group reported that lamotrigine and topiramate were found
to be effective in treating drop attacks in DEE-SSW based on
level A evidence [6]. It has most recently revised its recom-
mendations for treatment-resistant epilepsy in 2018, with
the recommendation that rufinamide was an effective add-
on treatment for DEE-SSW based on 2 class 1 studies [7, 8]
with level A evidence [9]. It also reports that clobazam is
probably effective as add-on therapy for DEE-SSW based on
2 class II studies [10, 11] with level B evidence [9].

Both clobazam and rufinamide have been found to be pro-
tective against additional seizure types in addition to motor
seizures associated with a drop. The trials for clobazam did
find that at the high (1 mg/kg/day) dose, there was a signifi-
cant reduction in both drop and non-drop seizures [10, 11].
Rufinamide was found to significantly reduce all seizure
types (p=0.0015), have a greater reduction in absence and
atypical absence seizures (p =0.0222), reduce atonic sei-
zures (p=0.0125) in a double-blind, randomized, placebo-
controlled trial in patients with DEE-SSW [7]. In addition,
rufinamide was found to significantly reduce the frequency
of tonic seizures (p=0.031), myoclonic seizures (p=0.021),
and partial seizures (p =0.025) compared with placebo in
another multi-center placebo-controlled trial [8].

Anti-seizure medications (ASMs) which may also be
commonly used may include valproate, levetiracetam,
zonisamide, ethosuximide, perampanel, and brivaracetam,
though they do not currently have an FDA approval [12,
13]. In fact, recent clinical trials for DEE-SSW found
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levetiracetam, valproate, topiramate, clobazam, lamotrigine,
and rufinamide [14, 15] as the most frequent concomitant
medications for enrolled patients reflecting real-world evi-
dence for use of these ASMs.

According to the DEE-SSW Transition of Care advisory
board meeting in 2017, ASMs recommended for the treat-
ment of DEE-SSW were divided into tiers. Tier 1 included
the FDA approved ASMs for DEE-SSW, included clobazam,
lamotrigine, rufinamide, topiramate, and cannabidiol [12].
Tier 2 was composed of ASMs commonly used, including
levetiracetam, perampanel, and zonisamide. Tier 3 repre-
sents the ASMs which are less frequently used in DEE-
SSW treatment and with limited data to support efficacy or
potential for side effects, including felbamate, lacosamide,
brivaracetam, and cenobamate [12].

An expert panel on management of DEE-SSW in 2017
reports that upon new diagnosis of DEE-SSW, the first ASM
should be valproate [13]. If seizures persist, lamotrigine
should be added. If seizures are still occurring, then rufi-
namide should be added, followed by attempts to wean the
valproate or the lamotrigine as there is no evidence of the
effectiveness of more than 2 ASMs in combination, other
than unnecessarily exposing the patient to possible side
effects [13] (Table 1).

Epidiolex, a highly purified form of cannabidiol, was
FDA approved for treatment of DEE-SSW in 2018 after the
results of two double-blind, placebo-controlled trials [14,
15]. In the first study, 225 patients aged 2—55 years with
DEE-SSW with 2 or more drop seizures (defined as sei-
zures associated with a fall) per week were given doses of
20 mg/kg/day, 10 mg/kg/day, and placebo. After 14 weeks
of treatment, the 20 mg/kg/day group had a 41.9% reduction
in drop seizures (p =0.005 compared to placebo), 10 mg/
kg/day group had a 37.2% reduction (p =0.002 compared
to placebo), and placebo had 17.2% [14]. The median per-
cent reduction of frequency of all seizures was 38.4% in
the 20 mg/kg/day cannabidiol group (p=0.009), 36.4% in
the 10-mg cannabidiol group (p=0.002), and 18.5% in the
placebo group. Fourteen patients developed elevated liver
aminotransferase concentrations [14]. In the second phase III
trial, 171 patients with the same seizure frequency criteria
experienced a median percentage reduction in drop seizure
frequency of 43.9% in the 20 mg/kg/day group compared to
21.8% in the placebo group (p=0.0135). The most common
side effects were diarrhea, decreased appetite, somnolence,
vomiting, and pyrexia [15].

Fenfluramine was recently approved in 2022 for treat-
ment of DEE-SSW after approval for treatment of Dravet
syndrome in 2020 based on two clinical trials [16, 17].
The multi-center, double-blind, placebo-controlled, par-
allel group phase 3 trial for DEE-SSW consisted of 263
patients [18]. Patients must have experienced 2 or more sei-
zures associated with a fall (termed “drop seizures” in the
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study) per week during a baseline period and were treated
for 12 weeks with a 2-week dose titration with groups ran-
domized to placebo, 0.7 mg/kg/day dose, or 0.2 mg/kg/
day. Patients in the 0.7 mg/kg/day group achieved a 19.9
percentage point drop in seizures (p=0.001) compared to
placebo, the primary endpoint. Patients in the 0.2 mg/kg/
day group experienced a 10.5 percentage point reduction in
seizures (p =0.09). Generalized tonic clonic seizures (GTC)
were the seizure type most reduced with fenfluramine treat-
ment, with a 45.7% reduction in the 0.7 mg/kg/day group
(»=0.001) and a 58.2% reduction in the 0.2 mg/kg/day
group (p <0.001) [18].

Perampanel had been studied in a small case study
(n=13) of DEE-SSW patients treated with adjunctive ther-
apy, and at a 10-month follow-up, 69% were found to have
a>50% reduction in total seizure frequency [19]. In addi-
tion, it had briefly been studied as a potential adjunctive
therapy, though the trial was discontinued due to lack of
recruitment [20].

Novel Therapeutics

There are several new anti-seizure medications that are cur-
rently undergoing clinical trials. While there may be further
treatment options for the DEE-SSW patient population, this
is further evidence of the unmet treatment need.

There was a recent case series in 2022 describing four
patients with DEE-SSW who were treated with the newer
anti-seizure medication cenobamate, which was FDA-
approved for focal seizures in 2019 [21]. Focal seizures may
be a predominant seizure type in some patients with DEE-
SSW. The case series followed 4 patients with DEE-SSW
who are treated with cenobamate, a drug with a novel mech-
anism consisting of inhibiting persistent currents of voltage-
gated sodium channels and acting as a positive allosteric
modulator of GABA , receptor-binding sites. Four adults
with a diagnosis of DEE-SSW and history of focal seizures
and drug resistance were included, and after treatment with
cenobamate for 12 months, they experienced between a 25
and 74% reduction in seizures, two of which experienced a
greater than 50% reduction in seizures [21].

The drug soticlestat is a promising first-in-class selective
inhibitor of cholesterol 24-hydroxylase (CH24H). CH24H
functions to catalyze the conversion from cholesterol to
24S-hydroxycholesterol and is mainly expressed in neurons
[22]. 24S-hydroxycholesterol is thought to be toxic, leading
to oxidative stress and inflammation. In animal models, soti-
clestat has been shown to decrease glutamate levels and lead
to reduced hyperexcitability [22]. A phase 2, randomized,
double-bind, placebo-controlled study evaluated soticlestat
in children 2—17 years with either Dravet syndrome (DS)
or DEE-SSW [23]. Children with DEE-SSW were required

to have at least 4 or more seizures associated with a fall
(drop seizure) per month to enroll. One hundred and thirty-
nine children were recruited into study (51 DS, 88 DEE-
SSW). After an 8-week dose titration period and 12-week
maintenance period, median reductions in convulsive and
drop seizures approached significance 17.08% (p=0.116)
in children with DEE-SSW. The most common side effects
were lethargy and constipation [23]. As the phase 2 trial was
potentially underpowered in DEE-SSW patients, soticles-
tat is currently undergoing a phase 3 international, double-
blind, placebo-controlled phase 3 trial in DEE-SSW with
results expected in 2023/2024.

Carisbamate is currently being studied for treatment of
DEE-SSW, and in the recruitment stage of a phase 3 clinical
trial. This medication has been shown to inhibit voltage-
gated sodium channels expressed in rat hippocampal neurons
[24] in addition to reducing pre-synaptic glutamate levels
in rat dentate gyrus [25]. This drug had previously been
trialed in patients over 16 years of age with intractable focal
epilepsy though results were of mixed significance [26-28].
Carisbamate is currently undergoing in a phase I trial in
children and adults with DEE-SSW [29].

Lorcaserin is a novel therapeutic drug with a similar
mechanism of action to fenfluramine, working as a selective
serotonin receptor (5-HT2C) agonist for receptors located in
the central nervous system. It has been shown to decrease
the frequency of non-convulsive seizures in a rat model [30].
There is a retrospective case series without a control group
in a small multi-center cohort of children and young adults
with drug-resistant focal epilepsy (n=3), intractable gener-
alized epilepsies (n =3) including Dravet syndrome (n=20)
and DEE-SSW (n=9) [31]. Lorcaserin was associated with
a reduction of motor seizures in all groups: 50% in DEE-
SSW, 43% in Dravet syndrome, and 23% in drug-resistant/
generalized epilepsies. Major side effects (reported by > 10
patients) were decreased appetite, decreased attentiveness,
and weight loss [31]. It is currently in phase 3 clinical trials
for Dravet syndrome.

Surgical Approaches

In addition to anti-seizure medications, there are also prom-
ising surgical approaches to offer other than the existing
treatments of VNS and corpus callosotomy. Deep brain
simulation (DBS) of the anterior nucleus of the thalamus
for treatment of focal onset seizures was approved in 2018
after the results of the SANTE trial [32]. However, there is
a growing body of evidence that chronic stimulation of the
centromedian (CM) nucleus of the thalamus may be effica-
cious in reducing seizures in DEE-SSW. The CM represents
a main source of input to the striatum, in addition to having
connections to the brainstem and cortex, and plays a role in
attention, arousal, and coordination [33]. In addition, the

@ Springer
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centromedian parafascicular nucleus has been shown to be
involved early on the generation of generalized spike wave
discharges, preceding involvement of anterior nucleus of the
thalamus, which is thought to have a role in propagation of
generalized-onset seizures [34]. Given that the centromedian
parafascicular nucleus has projections to the bilateral fronto-
central cortices, the area of maximal prominence where gen-
eralized discharges are noted on scalp EEG, and is activated
early on in generalized spike wave discharges, this nucleus
is thought to either drive, or have an important early role, in
the propagation of generalized onset seizures [34].

A case series from 2006 evaluated 13 patients with DEE-
SSW from 4 to 22 years of age who underwent bilateral CM
implantation and found that overall seizure reduction was
80% at 18 months of follow-up [35].

The ESTEL trial, a prospective, double-blind, randomized
trial of deep brain stimulation (DBS) in the bilateral centro-
median (CM) nuclei of the thalamus in patients with DEE-
SSW was recently completed [36]. From years 2017-2019,
19 young adults with DEE-SSW underwent implantation of
DBS device to bilateral CM nuclei, 10 in the treatment and
9 in the control group.

Three months after implantation, half of patients received
3 months of stimulation as part of the blinded phase, and
then all received 3 months of stimulation. The DBS stimu-
lation settings were slightly slower than the SANTE trial
(goal voltage of 2.5 V, while SANTE trial voltage began
at 5 V and could increase to 7.5 V). The remaining param-
eters of pulse width of 90 ps, 145 Hz frequency (though
in SANTE could increase to 185 Hz), and cycling “on” at
1 min and “off” at 5 min were the same as the SANTE trial
[32]. The primary outcome was the proportion of partici-
pants with >50% reduction in diary-recorded seizures in the
last month of the blinded period, which was achieved by
50% of the stimulation group (n=5) compared with 22%
(n=2) of controls (p=0.25). The secondary outcome was
the proportion of patients with a >50% reduction in electro-
graphic seizures on 24-h ambulatory EEG recording done
at the end of the third month of the blinded period, which
was 89% (n=_8) in the stimulation group compared with
none of the controls (p =0.05). In addition, after all patients
entered the treatment group, subjective reports from parents/
caregivers of increased alertness occurred in 95% (18/19)
and feelings overall benefit were reported by 79% (15/19)
[36]. This study was only powered to find a large difference
(at least 70% seizure reduction with stimulation) and given
the relatively low number of subjects (n=19), it is possible
that a repeat study with larger numbers of patients, there may
be statistically significant results [36].

While limited, there is growing evidence for the use
of responsive neurostimulation (RNS) in DEE-SSW with
promising results. One case series describes two patients
with clear benefit from RNS implanted into the bilateral
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centromedian nuclei, with a 70-95% seizure reduction
8—12 months after implantation [37].

There is currently a phase II study in recruitment to eval-
uate RNS in DEE-SSW patients with the plan to implant
two neurostimulators with depth leads in the bilateral CM
in addition to cortical or strip leads targeting the prefrontal
cortex [38].

Future Directions

In addition to newly developing ASMs and expanding sur-
gical options, the importance of continuing the pursuit of
identifying the underlying etiology for the patient’s epilepsy
cannot be understated. With the continued development and
widespread use of genetic testing such as whole exome and
whole genome sequencing, there may be more targeted treat-
ments in the future, such as gene therapy [39].

In summary, there are promising new treatments of DEE-
SSW in both pharmacologic realm and with the advance-
ment of neurostimulation, including both DBS and RNS
devices. As future developments in novel therapeutics and
surgical techniques may lead to the increasing use of tailored
treatments for a patient’s epilepsy, the progression to DEE-
SSW may be able to be avoided in some patients. However,
the underlying heterogeneity and poorly understood patho-
physiology of DEE-SSW do remain significant challenges,
and more research is needed in this area.
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