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Lennox-Gastaut syndrome (LGS) is a childhood-onset epileptic encephalopathy characterized by multiple
types of medically intractable seizures, cognitive impairment, and generalized slow spike-wave dis-
charges in electroencephalography (EEG). Although the onset of this epileptic syndrome occurs typically
before eight years of age with a peak age between 3 and 5 years, lifelong persistence of the syndrome is
usual. The evolution of clinical features, EEG findings, and paucity of knowledge about LGS among adult
health care providers can make LGS significantly underdiagnosed in the adult population. Management of
LGS remains problematic beyond childhood due to intractable seizures, the difficult transition from pedi-
atric to adult neurologists, challenging behaviors, impaired cognition, poor quality of life, and disabled
social life. In focusing on the management of LGS beyond childhood, this narrative review describes med-
ical and surgical management of epilepsy, the transition from pediatric to adult care, and management of
other common comorbidities associated with LGS. Several antiepileptic drugs (AEDs) such as lamotrigine,
topiramate, felbamate, rufinamide, clobazam, and Epidiolex (pure pharmaceutical grade cannabidiol
(CBD) oil) have been noted to be effective in well-designed, randomized controlled trials. Other non-
pharmacological therapies, such as vagus nerve stimulation, ketogenic diet, and epilepsy surgery, have
been frequently utilized in the management of intractable seizures associated with LGS. However, effec-
tive management of LGS requires a broader perspective to not only control seizures but improve the qual-
ity of life by addressing cognitive and behavioral problems, sleep disturbances, physical disability, social
disability, and educational and employment challenges.

� 2020 Elsevier Inc. All rights reserved.
1. Introduction

Lennox-Gastaut syndrome(LGS) is a childhood-onset epileptic
encephalopathy [1]. Many comprehensive reviews highlighted
diagnostic criteria of LGS: multiple types of medically intractable
seizures (tonic, atypical absence, myoclonic, tonic/atonic drop sei-
zures, generalized tonic–clonic, and focal seizures), cognitive
impairment, and generalized slow (�2.5 Hz) spike-wave dis-
charges in electroencephalography(EEG) [2,3]. Although the onset
of this epileptic syndrome is typically before eight years of age
with a peak between 3 and 5 years, lifelong persistence of the syn-
drome is usual. However, LGS is significantly underdiagnosed in
the adult population due to evolution of clinical features, EEG find-
ings, and paucity of knowledge about LGS among adult health care
providers.

Although late-onset LGS has been reported with seizure-onset
in the 2nd decade of life, vast majority of adult patients have child-
hood onset typical LGS [4]. Roger et al. followed 338 LGS patients
from the pediatric age group to adulthood and noted that 46.5%
of adult patients continued to have all the classic features of LGS
[5]. An additional 15.6% of patients had persistent multifocal epi-
lepsy. The patients (37% of patients) with relatively better outcome
had later onset LGS (between 7 and 11 years of age) with a brief
duration (2–6 years) of active epilepsy. Even in this relatively good
outcome group, 20% of the total patients continued to have focal
seizures with persistent neurological and psychiatric abnormali-
ties. Although adult LGS patients may not experience frequent drop
seizures, nocturnal tonic seizures during sleep may continue and
remain undiagnosed without a high level of suspicion. Besides
the change in the seizure type and frequency, remarkable change
occurs in the EEG features of LGS during adulthood. Classically
described slow generalized spike-wave discharges are rarely seen
in adult patients with LGS. Background activity during wakefulness
may show slowing with multiple independent spike foci or may
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look apparently normal. However, paroxysmal fast frequency dis-
charges may be persistent during sleep.

Besides evolution of clinical and EEG changes, many adult LGS
patients are undiagnosed due to misclassification. Due to only
recent explosion of genetic testing in pediatric patients with
epileptic encephalopathy, most adult LGS patients without known
etiology have not undergone genetic evaluation and categorized as
epilepsy of ‘unknown etiology’. There is profound difference in per-
ception and use of genetic testing between pediatric and adult
epileptologists. However, approximately 25–30% of LGS patients
may have underlying genetic causes. Limited research has been
done to understand genetic causes in adult LGS patients. Lund
et al. identified rare copy number variants (CNVs) in 8 (4 of the
highly probable as the causative agent) among 21 adult LGS
patients [6]. Pathogenic CNVs are also associated with particular
seizure types (atypical absence and tonic) in adult patients with
intellectual impairment and epilepsy to suggest potential useful-
ness of genetic testing in adult LGS patients, especially in patients
without obvious structural brain abnormality [7].

Due to significant underdiagnoses and misclassification, adult
LGS patients may not receive appropriate treatment with poten-
tially efficacious AEDs. Besides difficulty in managing continuing
intractable seizures, management of LGS remains problematic
beyond childhood due to difficult transition from pediatric to adult
neurologists, and presence of challenging behaviors, impaired cog-
nition, poor quality of life, and disabled social life in these patients.
Additionally, adult neurologists may not feel completely comfort-
able treating LGS patients with various cognitive and behavioral
issues, especially with coexisting severe intellectual disability or
autism. In focusing on the management of LGS in adolescents
and adults, this narrative review describes medical and surgical
management of epilepsy, the transition from pediatric to adult
care, and management of other common comorbidities associated
with LGS (Fig. 1).
2. Medical treatment

2.1. Antiepileptic drugs (AEDs)

Most clinical studies and reviews concerning the treatment of
LGS have been focused on the pediatric population. Rigorous clin-
ical data or management guidelines have not been published to
guide treatment for adult LGS patients. The prescribing practice
is based on clinical experience, adverse effect profile, concomitant
medication effects, and the presence of other comorbidities. There
are some AEDs such as valproate that are commonly used, but
there are other AEDs-specifically approved for LGS– that are
underutilized. Commonly used AEDs with efficacy and safety data
from clinical studies are summarized in Table 1.
2.1.1. Valproate
Valproic acid has never been specifically approved for LGS, but

many physicians use this as first-line medicine. Valproate is
broadly active against many different seizure types and does not
worsen generalized seizures as compared with some other AEDs.
Vassella et al. reported that adjunctive valproate therapy with phe-
nobarbital was more effective in controlling seizures compared
with phenobarbital monotherapy in 17 LGS patients [8]. Covanis
et al. reported that more than half of the patients had greater than
50% reduction of seizures when treated with valproic acid as a
monotherapy or in combination with other agents [9]. About 21%
of patients became seizure-free out of 38 LGS patients in this study.
The higher response rate was observed in drop, atypical absence,
and myoclonic seizures compared with tonic and tonic-clonic sei-
zures. Adult neurologists are extremely familiar with prescribing
2

valproate due to its prevalent use against several seizure types in
all age groups. However, valproic acid should not be used in
females of childbearing potential: due to the risk of neural tube
defects and adverse neurodevelopmental outcomes in the exposed
fetus during pregnancy. Some countries regulate valproate use in
women of childbearing potential by following an annual risk
assessment protocol: assessing pregnancy risk regularly, educating
negative neurodevelopmental outcome and teratogenicity risk,
performing regular pregnancy tests, and providing information
about highly effective contraception. Female LGS patients with
no plan of becoming pregnant and good seizure control on val-
proate therapy can continue this with strict contraception. How-
ever, continuous scrutiny for adverse effects such as weight
gains, alopecia, hyperammonemia, low platelet count, coagulopa-
thy, pancreatitis, and the polycystic ovarian syndrome is necessary.
But, the most feared adverse effect in children- acute hepatic
failure- is rarely encountered in adults.

2.1.2. Lamotrigine
The Food and Drug Administration (FDA) approved lamotrigine

as an adjunctive treatment for LGS patients �2 years old. A double-
blind placebo-controlled trial demonstrated that 33% of patients on
lamotrigine had >50% reduction of seizures compared with 16% in
the placebo group (P = 0.01) over the 16 weeks of the study period,
with the most benefit in tonic-clonic and drop seizures [10]. Atyp-
ical absence seizures did not improve in this cohort, but accurately
counting these seizures might be challenging. Additionally, lamot-
rigine can worsen myoclonic seizures in some patients. As an
adjunctive treatment, lamotrigine does not alter the concentration
of most other AEDs, and it has a synergistic pharmacodynamic
effect with valproic acid. A single-center, open-label, prospective
study in 14 adult patients (21–51 years) showed that add-on lam-
otrigine therapy decreased >50% of every types of seizures (drop,
focal seizures, and secondarily generalized seizures) in 12 patients
[11]. Most improvement was noted in drop seizures with 6
patients becoming completely free of this type of seizures. How-
ever, the metabolism of lamotrigine is affected by enzyme inducers
(phenytoin, phenobarbital, carbamazepine, etc.) and inhibitors
(valproic acid), and higher lamotrigine dose is necessary with
enzyme inducers, and a lower dose and a slower titration are
required when co-medicated with valproate. Clinical and labora-
tory monitoring is needed as valproate effectively double the
serum concentration of lamotrigine, and the sudden introduction
of valproic acid in a patient with stable lamotrigine dose can
induce lamotrigine toxicity. If lamotrigine needs to be replaced
with valproate, careful consideration should be given to this com-
plex interaction. In spite of probable higher efficacy of lamotrigine
in combination with valproic acid, risk of skin rash, including
Steven-Johnson syndrome and toxic epidermal necrolysis, makes
physicians apprehensive selecting this combination. However, it
is unclear if the risk of serious cutaneous reaction is significantly
higher than some first-generation AEDs, such as carbamazepine,
phenytoin, or phenobarbital. A bidirectional relationship exists
between hormonal contraceptives and lamotrigine: Lamotrigine
modestly decreases levonorgestrel level, and combined systemic
contraceptives also accelerate lamotrigine clearance to decrease
its serum concentration. However, a significant advantage of its
use in women of childbearing potential is that the prevalence of
major congenital malformation from lamotrigine is significantly
lower than valproate, phenobarbital, phenytoin, and
carbamazepine.

2.1.3. Topiramate
Topiramate, a broad-spectrum AED, was approved by the FDA in

2001 as an adjunctive treatment for LGS patients. A double-blind
RCT demonstrated a significant decrease in the monthly seizure



Fig. 1. Schematic illustration of the management plan for LGS patients beyond childhood.
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rate and seizure severity in the topiramate group. Additionally, a
significantly higher seizure responder rate (�50% seizure reduction
rate) was noted in the topiramate group (33% in the topiramate
group versus 8% in the placebo group) [12]. However, this study
only enrolled patients up to 30 years of age, and it is unclear if
the older population would experience significantly higher cogni-
tive adverse effects with a higher dose of topiramate. Other
adverse effects to consider are loss of appetite, weight loss, pares-
thesia, kidney stone, hypohidrosis, and open-angle glaucoma. An
open-label extension of this study, lasting 6 months, showed that
more than 50% of patients had >50% reduction in drop seizures
and, more interestingly, approximately 15% of the patients ceased
to have drop seizures completely [13]. Topiramate is categorized as
a Pregnancy Category D medicine as its exposure during pregnancy
increases the risk of cleft lip and cleft palate in infants. Addition-
ally, a higher dose of topiramate (>200 mg/day) may cause con-
tractive failure and unintended pregnancy in women of
childbearing age.
2.1.4. Felbamate
Felbamate is rarely used for any epilepsy indication currently

due to black box warnings of aplastic anemia and acute liver injury
[14]. However, felbamate has an approved indication for LGS if sei-
zures fail to control with 1st and 2nd line therapies. An RCT
demonstrated that felbamate could significantly reduce all seizure
types associated with LGS (P = 0.002) [15]. During treatment and
maintenance periods, a substantial reduction of atonic seizures
was observed; 10% of patients stopped having atonic seizures dur-
ing the treatment period, and approximately 18% were free of ato-
nic seizures during the maintenance phase. After the randomized
trial, an open-label 12-month follow-up study showed continued
benefit with >50% reduction of total seizures and a 67% reduction
in the drop seizures [16].
3

2.1.5. Zonisamide
Zonisamide has noted to be effective for the management of sei-

zures associated with LGS by retrospective evaluation. You et al.
showed that approximately 50% of LGS patients had >50% reduc-
tion of seizures over a 12-month period after the addition of zon-
isamide in the existing treatment regimen [17]. Sedation and loss
of appetite can be problematic as with topiramate; however, due
to the long half-life, zonisamide can be used once daily as a night
time dose to alleviate some of these adverse effects.

2.1.6. Clobazam
The FDA approved clobazam as an adjunctive treatment for LGS

patients two years and older in 2011. However, it continued to be
underutilized in the adult population. A phase II study in LGS
showed that high dose clobazam was more effective than the
low dose to reduce all types of seizures, including drop seizures
[18]. A placebo-controlled phase III trial in 238 LGS patients (2–
60 years) reported similar findings [19]. A dose-dependent
response was observed in the trial with an incrementally higher
chance of �50% of reduction of drop seizures across the low
(43.4%), medium (58.6%), and high-dose clobazam (77.6%) groups;
the placebo rate was 31.6%. Approximately one-quarter of patients
had complete cessation of drop seizures in the high dose clobazam
group. Patients, after completion of the previous two trials,
enrolled in another study that demonstrated long term efficacy
of clobazam [20]. However, clobazam is still not widely used as
an AED in adult LGS patients. Though the exact reason for this is
unclear, concern about tolerance may be responsible for its under-
use. However, a post-hoc analysis in 200 LGS patients demon-
strated that tolerance to clobazam– defined as clobazam dose
increase of >40% in the setting of an increase in seizure frequency–
only rarely develops over two years [21]. Moreover, further
improvement in the seizure control may occur after the increase
of the clobazam dose if only a low or medium dose of clobazam



Table 1
Clinical data for commonly used medications in Lennox-Gastaut syndrome.

AED Trial design Efficacy Reported common side effects Other considerations

Valproate Uncontrolled,
observational (N = 336
epileptic patients, 38
LGS)5

; >50% in all-seizure frequency in 55%
patients

Gastrointestinal effects, weight
increase, drowsiness, hair loss,
thrombocytopenia, and
abnormal liver function tests

Should not be used in female adolescents, in
women of childbearing potential and pregnant
women unless alternative treatments are
ineffective or not tolerated because of high
teratogenic potential and risk of
developmental disorders in infants exposed in
utero. An additional benefit of mood control is
present.

Lamotrigine Double-blind,
placebo-controlled
trial (N = 169)6

;32% in frequency of major seizures
versus ;9% in the placebo group
(p = 0.002)

Pharyngitis, fever, infection, skin
rash

Counseling should be given regarding Stevens-
Johnson syndrome and hemophagocytic
lymphohistiocytosis. An additional benefit of
mood control is present. Lower dose and the
slower titration is required when used
concomitantly with valproate

Topiramate Multicenter,
randomized, double-
blind, placebo-
controlled, 11-week
trial (N = 98)7

Open-label extension
(N = 97)8

;14.8% in frequency of drop attacks
versus "5.1% in the placebo group
(p = 0.041)
;56–58% median reduction in drop
attacks

Expressive language disorder,
confusional state,
disorientation, disturbance in
attention, memory impairment,
amnesia

Close surveillance is necessary to detect
cognitive impairment in older people It
increases the risk of cleft lip and/or cleft palate
in infants exposed in utero. A higher dose
(>200 mg/day) may cause contractive failure

Felbamate Randomized, placebo-
controlled (N = 73)10

Open-label extension
(N = 70)11

;34% in frequency of atonic seizures
versus ;9% in the placebo group
(p = 0.01)
;�50% in frequency of astatic seizures
in �66% of patients

Anorexia, insomnia, somnolence Black box warning over risk of aplastic anemia
and acute liver failure

Zonisamide Retrospective study
(N = 62)12

;>50% in all-seizure frequency in 33
(51.6%) patients

Somnolence, anorexia, weight
loss, oligohidrosis, renal calculi

It can cause metabolic acidosis and skin rash.
Only night time use may prevent a problem
with sedation

Clobazam Multicenter, double-
blind, phase 2, dose-
ranging (high- versus
low-dose) (N = 68)13

Phase 3, double-blind,
placebo-controlled14

Open-label extension
(N = 267)15

;�40% in drop seizures from baseline in
high-dose group
;68.3% in seizure frequency in high-
dose group
versus 12.1% in the placebo group
;91.6% in frequency of drop seizures at
2 years

Somnolence, lethargy, sedation,
drooling, constipation,
aggression, hypomania,
insomnia

Tolerance and physical and/or psychic
dependence may develop and discontinuation
may result in withdrawal or rebound
phenomenon Concomitant use with
cannabidiol may have a synergistic effect, but
has higher risk of sedation due to many folds
increase in active metabolite
desmethylclobazam

Rufinamide Multicenter, double-
blind, randomized,
placebo-controlled
trial (N = 138)20

Open-label extension
(N = 124)21

Multicenter, double-
blind, randomized,
placebo-controlled
trial (N = 59)22

Open-label extension
(N = 54)23

;32.7% in median total seizure
frequency versus 11.7% in placebo
group (p = 0.0015)
;�50% in frequency of seizures in 45.1%
of patients
;32.9% in median total seizure
frequency versus 3.1% in placebo group
(p < 0.001)
;36.1%(median) reduction of tonic-
atonic seizures at 52 weeks

Vomiting, somnolence, rash. It is contraindicated in familial short QT
syndrome. Valproate may increase the serum
concentration of rufinamide. Rapid titration is
possible by increasing the dose every other
day to reach a daily target dose over one week

Cannabidiol Multicenter open-
label interventional
trial (N = 214 epileptic
patients, 30 LGS)29

Randomized, double-
blind, placebo-
controlled phase 3
trial (N = 171)30

Randomized, double-
blind, placebo-
controlled phase 3
trial (N = 225)31

; > 50% in all-seizure frequency in 37%
LGS patients (the highest response rate
in patients with atonic seizures)
;43�9% in monthly drop seizure the
cannibidiol group compared to 21�8% in
the placebo
;41.9% in drop seizures the 20-mg
cannabidiol group, 37.2% in the 10-mg
cannabidiol group, and 17.2% in the
placebo group

Diarrhea, somnolence,
decreased appetite, pyrexia,
fatigue, vomiting, convulsion
and status epilepticus

Concomitant use with valproate increases risk
of liver enzyme elevation. See interaction with
cannabidiol above.

Levetiracetam Open-label,
multicenter,
observational clinical
trial (N = 55)35

>50% in all-seizure frequency in 58.2%
patients (the highest response rate,
66.7%, in epileptic spAEDs and the
lowest, 50.0%, in myoclonic seizures)

Hyperactivity A combination regimen of levetiracetam,
valproic acid and clobazam is an acceptable
option

Perampanel Prospective, single-
center (N = 13)36

; >50% in all-seizure frequency in 69.2%
Patients

Behavior disturbance, agitation,
and fatigue

It has a boxed warning for dose-related
serious or life-threatening neuropsychiatric
events (most often in the first 6 weeks of
therapy). It has a long half-life and has the
advantage of a once-daily regimen

D. Samanta Epilepsy & Behavior 114 (2021) 107612
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Table 1 (continued)

AED Trial design Efficacy Reported common side effects Other considerations

Lacosamide Multicenter,
retrospective, open-
label (N = 18)38

Retrospective, open-
label (N = 19)39

;29% in frequency of all-seizures, 31% in
tonic seizures and 20%, drop-attacks
; >50%-seizure frequency in 3/19 adult
LGS patients

Worsening of seizures,
aggressiveness, irritability
weight loss, tremor, memory
problems, nausea or dizziness

It binds selectively to the slow-inactivated
state of sodium channels, in contrast to drugs
like carbamazepine and phenytoin, which
bind tightly to fast-inactivated states
Worsening of tonic, atonic seizures and
behavior may occur
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has been maintained from the beginning of the treatment. Isojarvi
et al. showed that the increase in the clobazam dose could further
improve seizure control in >80% of patients with LGS who had
responded to a lower dose of clobazam during the initial part of
treatment [22]. Though clobazam has a different chemical struc-
ture (1,5-benzodiazepine) compared to other commonly used ben-
zodiazepines, increased sedation, drooling, and cognitive
deterioration can occur, and the patients need to be closely moni-
tored for such adverse effects and action needs to be taken. Inter-
mittent use may be necessary for some patients if effectiveness
diminishes after a certain period of treatment. Although the pre-
scription cost of clobazam is high, it can be an attractive option
due to its ability to reduce seizure-related medical utilization
and costs [23]. In 2018, a new formulation of an oral soluble film
of clobazam has been approved by the FDA for the treatment of
LGS [24].

2.1.7. Rufinamide
Rufinamide, a third-generation AED, is much underutilized in

adult LGS patients. Rufinamide was approved in 2008 by the FDA
for LGS patients �4 years old. Two RCTs and open-label extension
studies demonstrated that rufinamide could decrease total sei-
zures, particularly drop seizures with acceptable adverse effect
profile [25–28]. A further European phase IV, noninterventional,
multicenter registry confirmed its favorable safety profile [29]. Val-
proate may increase the serum concentration of rufinamide by
inhibiting hydrolysis, and dose modification is necessary to pre-
vent adverse effects. Rapid titration of rufinamide is possible by
increasing the dose every other day to reach a daily target dose
over one week, but a lower dose and slower titration may increase
the tolerability. Rufinamide is contraindicated in familial short QT
syndrome as it can cause QT interval shortening [30]. Kessler et al.
demonstrated in a retrospective cohort study that patients with
LGS compared with other epilepsy syndromes were twice more
likely to continue rufinamide without additional therapy, suggest-
ing better effectiveness in LGS [31]. McMurray and Striano showed
in a post-hoc subgroup analysis from a phase III study that rufi-
namide had a favorable efficacy compared to placebo in adults
[32]. Among 31 patients (18–37 years), 33.3% favorably responded
to rufinamide versus 0% for placebo for all seizure types and 57.1%
versus 10.0% (P = 0.020) for drop seizures. Rather than counting
drop seizure rates, a novel outcome –a measurement of the
seizure-free days, which can be more closely associated with qual-
ity-of-life– was investigated in LGS patients receiving rufinamide
with positive outcomes [33].

2.1.8. Epidiolex (purified pharmaceutical-grade cannabidiol oil)
An initial open-label intervention study and two placebo-

controlled phase III trials of pharmaceutical-grade cannabidiol oil
(CBD oil) demonstrated a significant reduction of drop seizures
compared to placebo in LGS patients [34–36]. A systemic review
of the two randomized trials showed a responder rate (�50% sei-
zure reduction) of 40% for drop seizures and approximately 50%
for the non-drop seizures [37]. In 2018, the FDA approved the
5

pharmaceutical-grade CBD for LGS patients (>2-year-old). How-
ever, Epidiolex is expensive, and many patients will continue to
use artisanal cannabis products with variable CBD concentrations,
dubious quality, and unknown safety profiles. Although there was
high-profile (some might say, excessive) reporting on the effective-
ness of CBD oil, the effectiveness of artisanal CBD products has not
been rigorously tested.

Cannabidiol oil increases active metabolite of clobazam (des-
methyl clobazam) by many fold, and the combination of clobazam
and CBD oil can have a synergistic effect [38]. Epidiolex has been
associated with adverse effects, such as diarrhea, sedation, appetite
suppression, and elevation of bilirubin and liver enzymes. Abnor-
mal liver function tests occur most commonly when patients are
co-medicated with valproic acid but usually reversible with dose
modification of either or both of these AEDs. Significant improve-
ment in alertness and sleep were also reported from CBD. Long-
term (median treatment duration of 78.3 weeks) safety and effi-
cacy data have been available from the expanded access program
of pharmaceutical-grade CBD. In this cohort of 607 patients, 94
had LGS. After 12 weeks of add-on CBD treatment, a reduction of
median monthly major motor seizures by 50% and total seizures
by 44% were noted, with persistent reductions in both seizure
types up to 96 weeks. In this study, CBD was noted to have an
acceptable safety profile, with the most common adverse effects
were somnolence (30%) and diarrhea (24%) [39].

2.1.9. Levetiracetam
Though levetiracetam has not been specifically approved for

LGS, it typically gets introduced early in the treatment process
due to a favorable adverse effect profile. Other than relatively com-
mon behavioral adverse effects, it is usually well-tolerated and
stays in the medication list longer compared to other AEDs. An
open-label multicenter study of levetiracetam in 55 LGS patients
showed >50% seizure reduction in >50% of patients with surprising
seizure freedom rate of 27.3% [40]. However, further studies, par-
ticularly controlled trials, are needed for confirmation of this find-
ing. Due to favorable drug-drug interaction profile, levetiracetam
will continue to be used in combination with other specifically
approved AEDs for LGS. A combination regimen of levetiracetam,
valproic acid, and clobazam is an acceptable option for the treat-
ment of LGS.

2.1.10. Newer AEDs
Perampanel, a novel AMPA receptor antagonist, has shown early

promise for the treatment of LGS in retrospective and a small
prospective study [41]. A large multicenter study is currently ongo-
ing. However, many LGS patients have significant behavioral
issues, and perampanel has a black box warning relating to behav-
ioral alteration.

Data regarding the efficacy of lacosamide in patients with LGS
are scarce. Cuzzola et al. reported three LGS patients who had
worsening of tonic seizures after the introduction of lacosamide.
One patient also developed tonic status epilepticus. Tonic seizures
improved after the withdrawal of lacosamide in all 3 patients [42].
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Grosso et al. reviewed data of 18 LGS patients who received
adjunctive oral lacosamide therapy [43]. Though none of them
became seizure-free, during a follow-up period of 9 months, 33%
had more than >50% seizure reduction. However, four patients
had worsening of seizures and discontinued lacosamide. Addition-
ally, Andrade-Machado et al. showed in a retrospective, open-label
study that only three patients out of 19 adult LGS patients had
>50% seizure reduction [44]. Additionally, 9 (47.4%) patients had
worsening behavior during treatment with lacosamide. Worsening
of tonic and drop seizures was reported in 16 (78.9%) and 7 (38%)
patients, respectively.

Fenfluramine, an amphetamine derivative, has a proposed
antiepileptic action by increasing serotonin transmission. It has
been studied as a potentially effective therapy for LGS. A phase II
open-label study in 13 LGS patients showed >50% seizure reduc-
tion in >60% patients both during the first 20 weeks and an exten-
sion period of 15 months of treatment [45]. A phase III RCT is
currently ongoing. Though cardiac monitoring for valvulopathy is
necessary, the previous pilot study did not reveal any echocardio-
graphic signs of cardiac valvulopathy or pulmonary hypertension.
Lorcaserin, selective serotonin receptor (5-HT2C) agonist, has been
investigated in 9 patients with LGS with a reduction of motor sei-
zures in 50% of the patients [46].
3. Ketogenic diet (KD)

Data regarding the efficacy of the KD for LGS has been investi-
gated in children. Although recent studies highlighted the efficacy
of the KD in adults with intractable epilepsy, specific efficacy and
safety data regarding LGS have not been explored. A Johns Hopkins
study retrospectively reviewed 71 children with LGS on high fat
and low carbohydrate diet, and >50% patients had >50% reduction
of seizures at 6 months after the initiation of the KD, which per-
sisted during the one-year follow-up [47]. Additionally, approxi-
mately 25% of the patients had >90% of seizure-reduction. This
study also reviewed data of 189 other pediatric patients with
LGS from 18 previous studies with an outcome similar to the Johns
Hopkins study. Adverse effects of the KD are mostly benign, such as
constipation, weight loss, hyperlipidemia, etc. Rarely more severe
adverse effects such as kidney stones and metabolic decompensa-
tion can occur. The KD formula is easy to administer in patients
with a gastrostomy tube, but adult patients without gastrostomy
tube may tolerate less restrictive– modified Atkins diet (MAD)
and low hypoglycemic index diet– better. Most studies on the KD
in adult patients with intractable epilepsy classified the individuals
in symptomatic versus cryptogenic intractable epilepsy without
specifying an epilepsy syndrome diagnosis, such as LGS. Ye et al.
calculated an efficacy rate of 52% from the KD (with or without
medium-chain triglyceride) and 34% from the MAD in a meta-
analysis of multiple studies involving adult patients [48]. Adher-
ence was noted to be better with the MAD (56%) than the KD
(38%). Adverse effects due to long term use of the restrictive diets
are understudied. Cervenka et al. published a prospective open-
label observational study from Johns Hopkins Adult Epilepsy Diet
Center, where 106 adult patients naïve to diet therapy were
exposed to the MAD [49]. At three months, 36% of these patients
had >50% seizure reduction, and 16% became seizure-free. At one
and 4-year follow-up evaluation detected 30% and 21% of patients
continued to have >50% seizure reduction, respectively, and 13%
and 7% of the patients remained seizure-free completely, respec-
tively. Hyperlipidemia and weight loss were the most common
adverse effects. In summary, it should be emphasized that there
is a lack of specific evidence of the efficacy of the KD or MAD in
adult patients with LGS, and appropriate trials should be per-
formed to determine its usefulness in adult patients with LGS.
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4. Vagus nerve stimulation (VNS)

Several studies demonstrated the effectiveness and safety of
VNS in patients with LGS [50–58]. In general, seizures reduce by
>50% in more than half of the patients. Atonic and tonic seizures
respond more favorably than focal, tonic-clonic, or absence sei-
zures. In contrast to AEDs, improvement in seizure-control pro-
gressively gets better, presumably due to chronic
neuromodulation. Patients tolerate VNS well with rare incidence
of infection, local pain, cough, voice change, drooling, and throat
discomfort. Serious adverse effects such as bradycardia, vocal cord
paralysis, and sleep apnea are extremely rare. Besides seizure
reduction, the patients may be benefited from an improvement
in the alertness and mood, reduced doses of AEDs, decreased ictal
and post-ictal periods, decreased incidence of status epilepticus,
and reduced rate of hospitalization.
5. Epilepsy surgery

Douglass et al. reviewed surgical options for patients with LGS
[59]. Standard pre-surgical evaluation with Video-EEGs, structural
high-resolution epilepsy protocol MRIs, and other advanced neu-
roimaging techniques as appropriate should be employed to iden-
tify surgical candidates for focal, lobar, or multilobar resective
surgeries. However, the surgical outcome is much better, both for
seizure control and improvement in the development, if the appro-
priate procedure is done in early childhood. However, approxi-
mately 40% of LGS patients older than 15 years of age were free
of disabling seizures (Engel class I) after resective surgeries
[60,61]. Focal structural pathology in the neuroimaging makes a
patient an excellent candidate for resective surgery. Lennox-Gas-
taut syndrome patients with diffuse EEG abnormalities may still
be considered for resective surgery in the presence of a localized
lesion in the brain. Willey et al. reported good surgical outcomes
in patients with generalized or contralateral (to the structural
abnormality in the MRI) EEG abnormality in the presence of con-
genital or early acquired structural abnormality [62]. However,
Liu et al. reported favorable surgical outcomes in the presence of
asymmetric EEG abnormality in amplitude, synchronicity, onset,
or duration. Though it would be rare for an adult LGS patient to
undergo resective surgery for LGS, palliative surgery such as corpus
callosotomy (CC) should be considered for appropriate patients
with disabling drop seizures. Other than a remarkable decrease
in the drop seizures, improvement in the attention level is consis-
tently reported after CC. Cukiert et al. reviewed 76 patients with
LGS or similar patients who underwent one-stage CC and noted
>90% patients had >50% reduction in the generalized seizures
(most improvements in atonic seizures followed by atypical
absence seizures) [63]. More importantly, more than two-thirds
of the patients had >90% reduction of seizures, and approximately
10% became seizure-free. A similar but slightly modest improve-
ment was reported from a prospective study done in Taiwan
[64]. Approximately two-thirds of the patients had >50% reduction
of seizures during follow-up; moreover, 18.9% of patients remained
seizure-free after the procedure in combination with AEDs. Physi-
cians and families use CC as a last resort due to concerns related to
surgical complications: specific to CC (disconnection syndrome
with hemiparesis, mutism, and impairments due to interhemi-
spheric transfer of tactile or visual information) and nonspecific
due to neurosurgical procedures, such as cerebral infarction,
extra-axial fluid or blood collection, ventriculitis, meningitis, and
hydrocephalus. The risk of hemiparesis, a particularly permanent
one, is very small. Cukiert et al. reported that no individuals devel-
oped hemiparesis after CC in a cohort of 76 patients. However, 72
patients showed postoperative signs or symptoms of an acute cal-
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losal disconnection syndrome (68 patients developed apathy, 54
experienced urinary incontinence, 8 had right hemineglect, and 6
developed low-verbal output). They had a subsequent improve-
ment over the next 1–7 weeks.

Though symptoms of disconnection syndrome typically
improve over time, the newer surgical techniques such as radiosur-
gical CC may further reduce the risk of complications. Feichtinger
et al. reported the use of radiosurgical CC, performed using 3–4 tar-
get centers via a collimator helmet, in two adult LGS patients with
a 60% reduction of drop attacks [65].
6. Management of status epilepticus

Although the incidence of SE in adult LGS patients is unknown,
these patients may present with nonconvulsive status with vari-
able clinical features such as mild confusion to a comatose state.
Rather than an abrupt change in behavior, an insidious decline in
the mental status also can be a presenting feature, and a high index
of suspicion is necessary with a comparison of the current EEG
with the patient’s baseline EEG. Importantly, changes in the
antiepileptic regimen can induce status epilepticus in these
patients. Treatment for nonconvulsive status should be less aggres-
sive than convulsive status and in most situations, can be con-
trolled without IV anesthetic agents. Experts recommended
clobazam, steroid, or high dose IV valproate as preferred agents
for the management of nonconvulsive status [66].
7. Transitioning to adult care

The plan for transition may need to start during early adoles-
cence; the failure in planning may lead to poor seizure control,
increased risk of morbidity and sudden unexpected death in epi-
lepsy (SUDEP), and deficient management of comorbidities
[67,68]. A transition clinic with the availability of both pediatric
and adult neurologists is optimum; nonetheless, in most settings,
it is difficult to establish due to various reasons. However, a formal
transition plan can alleviate some of the challenges. Several years
before this transition, essential details of the process should be dis-
cussed among the patient, family, and provider. Responsibility of
transition should be not be endowed to the pediatrician or primary
care provider; as in most LGS patients, neurologists are most famil-
iar with the active issues– epilepsy, intellectual impairment, and
other common comorbidities associated with the epileptic
encephalopathy. Through advanced practice providers can provide
extensive help with the transition process, ultimately an experi-
enced epileptologist – with in-depth knowledge about LGS, includ-
ing the evolution of electroclinical phenotype during adulthood
and expert skills in pharmacological and nonpharmacological
management of LGS– needs to map out the most appropriate treat-
ment plan. It is not unusual to discover that LGS patients are taking
4–5 different AEDs concurrently. Over the years, medications are
added to the regimen due to continuing seizures without weaning
ineffective AEDs. Some AEDs such as sodium channel blockers can
potentially worsen drop seizures. However, rapid weaning from
these can trigger convulsive seizures. Both carbamazepine and
phenytoin can be effective in controlling tonic and tonic-clonic sei-
zures. Careful assessment is necessary to identify the most effec-
tive 1 or 2 AEDs and then, the other ineffective AEDs can be
slowly weaned. However, periodic worsening of seizure control
can occur in LGS without any external triggers and can be difficult
to differentiate from the worsening related to the withdrawal of a
particular AED. A careful seizure counts– several months before,
during, and after the weaning– may help objectively determine
the impact of the AED-withdrawal. Potentially synergistic combina-
tions such as valproic acid with lamotrigine or clobazam with CBD
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can be preferably selected at this time. A comprehensive note can
be included in the patient’s chart with the following information: A
plan for seizure clusters, alternative AEDs to be introduced if the cur-
rent regimen becomes ineffective, and documentation of previously
discontinued AEDs whether due to adverse effects or ineffectiveness.
As health insurance coverage of the patient may change after adult-
hood, knowledge about potential coverage of any particular service
or AEDs may guide specific treatment choices. As much as possible,
diagnostic workup, as well as necessary repeat neuroimaging and
EEG, should be completed if prior studies were performed many
years ago. That may help to decide if any new therapy can be useful
or change in the treatment plan is necessary before the transition. As
patients may continue with the fixed AED regimen for decades, spe-
cial consideration should be given to the adverse effect profile, partic-
ularly cognitive and behavioral consequences. Due to excessive
sedation, benzodiazepines (other than clobazam), phenobarbital,
and other 1st generation AEDs may not be ideal choices. Some newer
AEDs such as topiramate in higher doses can cause significant cogni-
tive slowing, and vigilant monitoring is necessary. Some caregivers
may not come forward with the concern of adverse effects, and direct
questioning about cognitive slowing is necessary. Occasionally
improved alertness and cognition after weaning of the culprit medi-
cine proves the impact of the adverse effects. During careful planning
of the AEDs, not only seizure count but the quality of life issues-sleep,
alertness, behavior, and cognition- should be carefully considered.
8. Management of other comorbidities

8.1. Cognitive impairment

Cognitive impairment brings new challenges during adoles-
cence and adulthood. Severe intellectual impairment reported in
43% of patients with cryptogenic LGS and 76% with symptomatic
LGS [69]. To describe the employment status in LGS patients, Yagi
et al. investigated the job situation of 102 adult LGS patients [70].
In this cohort, only 12 individuals had been involved in a regular
job. Although 36 additional patients had part-time or sheltered
jobs, the majority (54 individuals) were unemployed. Later onset
LGS may be associated with better cognitive prognosis. Ferlazzo
et al. reported moderate to severe intellectual impairment in
26/27 patients and behavioral abnormalities in 14/27 patients
(age 40–59 years) in a long term (average 35 years) follow-up
study [71]. With the transition of care during adulthood, several
other difficulties arise for the family related to legal guardianship,
residential planning, financial planning, availability of ancillary
services, and employment challenges. Parents typically accept
the severity of the LGS diagnosis after passing through a difficult
grief stage but continue to be anxious about receiving adequate
treatment of their offspring throughout adulthood. Besides a high
risk of early death and physical disability, poor health-related qual-
ity of life is prevalent in adult patients with LGS. Nevertheless,
more research regarding quality of life issues is needed [72,73].
Several useful tips to deal with these challenges has been provided
in the LGS foundation website and summarized in table 2 [74,75].
8.2. Psychiatric and behavioral issues

Psychiatric issues, especially oppositional behaviors, intermit-
tent explosive outbursts, anxiety, and depression, may become
more prevalent with age. Cognitive impairment increases the risk
of these psychiatric comorbidities; however, confirmation of the
psychiatric diagnosis may be particularly problematic in the pres-
ence of intellectual impairment. Communication difficulties and
frustration may mimic psychosis, and non-pharmacologic inter-
vention with behavioral therapy can be surprisingly effective.



Table 2
Planning for the future challenges for adolescents and adults with Lennox-Gastaut
syndrome.

� Establishing care in a transition clinic to facilitate transfer to an adult
neurologist

� Implementing a formal transition plan early in the process
� Fostering an excellent relationship between parent and the pediatric
provider

� Developing skills necessary for parental advocacy
� Networking among LGS families
� Building a strong support group within and outside the family
� Expanding parent- support groups
� Promoting knowledge in families to be able to interpret information
related to insurance and adult health care providers

� Providing information to help access to adult providers specific to the
geographic location

� Advancing parental and caregiver education (especially about the impor-
tance of guardianship or power of attorney, necessary changes related to
providers, insurances, and the loss of services with the end of special
education
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Prompt evaluation and treatment by mental health care providers
especially valuable for these patients. Psychopharmacologic treat-
ment should be managed under the care of a physician with partic-
ular experience managing this complex group of patients, who are
already on polypharmacy for seizure management. Although there
is a general fear of worsening seizure control from antidepressants
and antipsychotics, the actual risk is relatively minor, with rare
exceptions, such as during treatment with clozapine. However,
close monitoring for seizure worsening and behavioral changes
are necessary after the addition of psychotropic medications, as
well as the use of a low starting dose, slow escalation of the dose,
maintenance of the minimal effective dose, and avoidance of com-
plex drug–drug interactions.

8.3. Sleep dysfunction

Sleep dysfunction is a common comorbidity in LGS. Adult LGS
patients may cease to have frequent day time seizures, but con-
tinue to suffer from nocturnal tonic seizures. Sforza et al. reported
that in adult LGS patients, interictal abnormalities are significantly
higher in the first 3 h of sleep with a progressive decline during
later part, possibly related to sleep homeostatic influences on the
epileptic threshold [76]. The authors also found that epileptiform
activities were more prevalent during stage II and slow-wave
sleep, which might be responsible for sleep alteration and poor
sleep quality compared with stage I and rapid eye movement
(REM) sleep. This paper suggested nocturnal video telemetry study
to identify the period of increased epileptogenicity and considera-
tion of a high dose of AED at night to counteract increased epilep-
togenicity. Eisensehr et al. reported that a higher level of activation
during the cyclic alternating pattern of non-REM sleep was associ-
ated with more generalized polyspike bursts and seizures than the
lower levels of arousal phase [77].

8.4. Gender-specific issues for women

Women with LGS are susceptible to have unplanned, high-risk
pregnancies. Young maternal age, single parenthood, and poor
antenatal care are other potential risk factors. The risk of prema-
ture birth is higher in patients with intractable epilepsy. Folic acid
supplementation and appropriate contraceptive plan need to be
discussed early with adolescent women [78]. The risk of unin-
tended pregnancy is high in women with LGS due to reduced or
poorly effective (withdrawal or barrier methods) contraceptive
use. Moreover, enzyme-inducing AEDs such as phenobarbital,
phenytoin, carbamazepine, oxcarbazepine, topiramate (in dosages
above 200 mg daily), and glucuronidated AEDs (lamotrigine) can
decrease the effectiveness of systemic hormonal contraceptives.
Sexually active patients who are on enzyme-inducing AEDs should
take advantage of the intrauterine devices (IUD; progestin or cop-
per) or tubal ligation to prevent pregnancy. Women with LGS
should be educated about prevention strategies against sexual
exploitation, abuse, sexually transmitted diseases (including HIV
infection).

8.5. Falls and other injuries

Recurrent falls may continue to cause physical injuries and poor
quality of life [79]. These patients may suffer progressive gait dete-
rioration and appearance of extrapyramidal features. Seizure
related adverse incidents such as drowning, near drowning, burns,
fractures, faciomaxillary, and soft tissue injuries are common in
patients with LGS. Due to the high frequency of seizures and drop
seizures, the risk of injury may be higher than other adult patients
with epilepsy. Moreover, associated intellectual impairment
increases the risk of falls and injuries. Many of these patients also
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take medicines that increase the risk of falls, such as anxiolytics,
antidepressants, antipsychotics, and sedatives. In spite of signifi-
cant diminution of quality of life due to recurrent falls, high-
quality evidence regarding various intervention strategies is lack-
ing. However, a comprehensive approach is necessary to increase
mobility and encourage physical exercise in these patients. Careful
assessment of the medications is necessary to identify any agent
that is potentially provoking falls. If falls are primarily due to sei-
zures, an aggressive management strategy to control seizures
should be undertaken. Environmental modification and use of a
helmet may be necessary to prevent severe injury, particularly
head and faciomaxillary injuries. Daily exercise and physical move-
ment may reduce the risk of nonseizure induced fall risk. More-
over, other potentially effective strategies – the provision of
adaptive devices, modification of the environment, education
about safety, aggressive management of epilepsy, and scrutiny of
the medication-related adverse effects- can mitigate fall risk and
improve the quality of life of adult patients with LGS. Also, special
attention should be given to the bone health.
8.6. SUDEP (sudden unexpected death in epilepsy)

Sudden unexpected death in epilepsy risk is higher in LGS due to
the high-frequency of seizures and intractability of chronic epilepsy
[80,81]. Intellectual impairment and nocturnal seizures also poten-
tially increase SUDEP risk. It is essential to discuss SUDEP risk with
the patients, families, and other support workers (if the patient is liv-
ing in a residential unit) and address all the modifiable risk factors.
Nocturnal supervision by auditory monitors or other sophisticated
commercial epilepsy alarms can be helpful to detect seizures. In
some rare cases, the caregiver may need to sleep in the same room
or provide physical checks intermittently during nights.
8.7. Healthcare utilization

Reaven et al. demonstrated that significantly higher healthcare
utilization and costs were associated with LGS patients rather than
patients with other types of epilepsies [82]. Pina-Garza et al. sim-
ilarly showed that total healthcare and medical costs had been
much higher in LGS patients than other epilepsy patients in all
age groups, suggesting that the price- burden has a lifelong impact
without diminution after childhood [83]. In this study, a consider-
able proportion of patients were not treated with broad-spectrum
AEDs, including clobazam and rufinamide. Appropriate AEDs are
underutilized in older patients due to various reasons, including
diagnostic difficulty. Classical drop seizures of LGS are less fre-
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quent in adult patients. Although paroxysmal fast discharges dur-
ing sleep persist, diffuse slow spike-wave discharges may disap-
pear in adult LGS patients. A Refractory Epilepsy Screening Tool
for LGS (REST-LGS) has been developed to improve the identifica-
tion of patients with LGS [84]. As the clinical features of LGS may
change over time, adult patients with epilepsy and intellectual
impairment (particularly if no prior etiologic diagnosis) should
undergo genomic evaluation. Due to genetic heterogeneity of
LGS, a genome wide assessment such as CNVs (comparative geno-
mic hybridization array testing) and/ or gene sequencing (targeted
multiple gene panels, whole exome sequencing, or whole genomic
sequencing) is most appropriate. Besides improved diagnosis in
adult patients, genetic evaluation may provide enhanced under-
standing about the natural history of the disease. Additionally,
identifying the genetic cause may unravel the underlying disease
mechanism with future provision of precision medicine. For exam-
ple, a distinct phenotype of SCN2A encephalopathy patients may
have favorable response to sodium channel agents.

9. Conclusion

There are no consensus recommendations or guidelines on the
management of LGS beyond childhood. However, expert-opinion
favors valproate as one of the first-line therapies in LGS except in
women of childbearing age. Based on several phase 3 studies, sev-
eral AEDs are available for intractable seizures to be used sequen-
tially or in combinations: lamotrigine, rufinamide, topiramate,
clobazam, and CBD oil. Head to head studies to compare these
AEDs have not been performed. Prescribing pattern of AEDs is pri-
marily dependent on physician and patient preferences, presence
of other comorbidities, and available coverage from the payors.
During combination therapy, restricting the number of AEDs to 2
or 3 is justified to minimize adverse effects, and careful considera-
tion should be given to the synergistic combinations such as val-
proate and lamotrigine and clobazam and pharmaceutical-grade
pure CBD oil. Due to the risk of aplastic anemia and hepatic failure,
felbamate should not be used as a first or second-line therapy.
Nonpharmacologic therapies such as the KD, VNS, and palliative
surgeries can be useful in patients with intractable seizures and
can be considered after failure of two appropriately chosen AEDs.
Care providers should give high priority to the cognitive, behav-
ioral, educational, and social requirements of these patients and
shift the perspective from only seizure management to a more glo-
bal approach in the improvement of quality of life in patients with
LGS. [the author’s opinion] Caregivers and providers should be also
aware of the unique challenges of LGS beyond childhood and use
appropriate resources to incorporate these patients into the social
structure of society [the author’s opinion].
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