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Definition of Lennox-Gastaut syndrome
 1989 ILAE – childhood onset epilepsy with most 

common seizures being tonic and atypical absence, 
followed by myoclonic, tonic/atonic “drops”, generalized 
tonic-clonic, and focal seizures

 Cognitive impairment is nearly universal

 EEG shows <2.5Hz spike-and-wave pattern

 Classic “triad” though not all patients have all core 
seizure types

Camfield, PR, Epilepsia, 52(Suppl. 5):3–9, 2011
www.lgsfoundation.org

http://www.lgsfoundation.org/
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ILAE updated definition (2021)
Multiple types of drug-resistant seizures with onset prior to 18 years 

(one must be tonic seizures)

 Cognitive impairment

 Diffuse slow spike-wave and generalized paroxysmal fast activity
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Major issues reported by LGS caregivers

LGS Foundation Caregiver Survey 
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No seizures, no side effects

 We are getting closer to better side effects, but 
little change in response rates …

 Perhaps improvement in side effects or at least 
more medications to choose from when thinking 
about side effects

 More realistic goal for my patients – the least 
amount of seizures possible with the best quality 
of life possible

7

Seizures

QOL
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So many new medications from which to choose!

Löscher and Klein, CNS Drugs 2021
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Response to medication, unchanged

Chen et al, JAMA neurology 2018, Kwan and Brodie, NEJM 2000 
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Phase 3 RCT summary

Verrotti A, et al. Seizure: European J 
of Epilepsy, Oct 2018

ASM
Overall Percent 
Reduction in Drop 
seizures

Placebo 50% responder rate Other

Felbamate (1993) 34% 9% 10% sz free

Lamotrigine (1997) 32% 9% 33% GTC reduction 46%

Topiramate (1999) 26% 15% 33%

Rufinamide (2008) 42% 1% 47%

Clobazam (2011) 41-68% 59-78% 7-24% sz free

Cannabidiol (2018) 44% 21% 36-39% 11-25% with
75% reduction

Fenfluramine (2020) 26% 7% 25% GTC reduction
45-58%
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Treatments not studied

Valproate

ACTH

Corpus callosotomy

Zonisamide

Levetiracetam

Ketogenic diet

VNS

Surgical resection
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N = 171

20 mg/kg/d CBD compared to placebo

Inclusion:
Lennox-Gastaut syndrome (slow spike and 
wave, multiple seizure types)
>2 “drop seizures” per week
Stable meds for 4 weeks

Results:
CBD 71.4  31.4 median seizures/month
Placebo 74.7  56.3 median seizures/month
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Fenfluramine in patients with LGS
Randomized, double-blind, PBO-controlled, phase III trial

n = 263
0.2 mg/kg/day, 
0.7 mg/kg/day, placebo
Inclusion:

− LGS (slow spike and wave, multiple 
seizure types)

− >2 “drop seizures” per week
− Stable medications for 4 weeks

Results:
0.7 mg/kg/day vs placebo -19.9% median 
difference in drop seizures

Knupp K. Presented at: American Epilepsy Society Annual Meeting 2020. December 4, 2020; Knupp et al, JAMA Neurology 2022.
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Response by seizure type
Median % reduction from baseline

Knupp K et al. JAMA Neurology. 2022;79(6):554-564

Subgroup Analysis by Seizure Type, Median Percentage Reduction from Baseline
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Solticlestat in Lennox-Gastaut syndrome
n = 88

Max dose of :

– 300 mg/day ≥60 kg

– Titrated dose <60 kg

Inclusion:

– Confirmed LGS

– >4 “drop seizures” month

– Stable medications for 4 weeks

Results: (not statistically significant)

Solticlestat 18.3% median reduction in seizures

PCB 2.2% median reduction in seizures

Hahn C et al, Epilepsia 2022
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Lorcaserin
 Retrospective review

 36 patients treated
– 1 stopped after 3 days due to SE
– Dravet syndrome = 20
– LGS = 9 
– Focal epilepsy = 3
– Generalized epilepsy = 3 

 Median reduction of seizures 47.7%

 2 patients (5.7%) had increased seizures

 At 15 months, 50% were still taking medication

Tolete P et al, Neurology 2018
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Treatment 
recommendations

No clear recommendation for order of treatment
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Ketogenic diet and VNS

Kossoff EHW et al, Epilepsia 55(Suppl. 4):29–33, 2014 
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Stimulation

 Reduces seizures, helps with side effects – seizure 
freedom?

 Increased indications

 Reduction of seizures for our most challenging patients

 Increased personalization for patients, can sense and 
record

 Can use RNS to record regions of seizure onset in the 
real world

Ryvlin et al, Lancet Neurology 2021
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 20 young adults (ages 17-37 years)
 Bilateral DBS implantation in centromedian nucleus (CM)
 Double-blind/no stimulation design
 Seizures by diary and follow-up 24-hour EEG
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ESTEL trial: study findings

Dalic LJ et al. Ann Neurol. 2021;91(2):253-267.

59% of the stimulation group had >50% 
reduction in electrographic seizures compared to 

none of the controls
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Epilepsy surgery
 Several series with great response rates

 Generalized EEG of LGS should not distract 
from lesional epilepsy

 Focal seizures without a lesion in people 
with LGS may also benefit from epilepsy 
surgery

 Every patient should be evaluated for 
possibility of surgery candidacy

Keator, 2021
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Callosotomy for atonic

Seizure 
free

>75% 
reduction

>50% 
reduction

Rolston et al 58%

Lancman et 
al 48% 70% 80%

•Highly variable outcomes

•Different definitions (atonic vs. drop attack)

Rolston, JD et al Epilepsy & Behavior 51 (2015)
Lancman, G et al, Seizure 22 (2013)
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Treatment algorithm

Ostendorf AP and Ng YT, Neuropsychiatr Dis Treatment, 2017
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Expert opinion

Cross JH, et al. Frontiers in Neurology, Sept 2017

CBD

FFA
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Rational polypharmacy
 Seizure freedom is highly unusual
 Leads to polypharmacy to achieve best seizure reduction possible
 Polypharmacy leads to increased likelihood of adverse events and 

possibly worsening of comorbidities
 Need to consider:
 Drug interactions
 Impact on comorbidities such as 
  sleep
  cognition
  behavior
  motor function

Must remember to remove medications that are not working
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Sequential add-on polytherapy

 GOAL-sequential reduction in seizures without adding 
or increasing clinically meaningful side effects
 Starting with 100 seizures/month

ASM#1
30% 
reduction

ASM#2
30% 
reduction70 49

ASM#3
30% 
reduction 34

66% reduction

ASM#1
Mild side 
effects

ASM#2
Improved sz 
side effects 
same

ASM#3
Improved sz 
resulting in improved 
alertness, maybe 
ASM effect?

Some tolerable side effects
Maybe improvement in some 
comorbidities 

Overall Improved Quality of Life!

Sullivan, Joseph; unpublished
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Key messages

Establish goals of treatment with family, will require a balance of seizure 
control and QOL

Many treatment options available including medications, devices, diet and 
surgery

When using polytherapy, as is often required, ensure that there is a rationale 
in considering drug interactions and impact on QOL
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Poll Question 3
Which treatment has not had a randomized control trial demonstrating 
efficacy in patients with Lennox-Gastaut Syndrome:

Lamotrigine
DBS
Fenfluramine
Levetiracetam
Rufinamide
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Objectives
Definition of DE, EE and DEE

LGS syndrome beyond seizures

Multidisciplinarity and multimodal care

Transition to adult care
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Definitions

Developmental encephalopathy:
• Encephalopathy is DUE TO the underlying 

cause of the epilepsy, but NOT made 
worse by seizures or frequent 
epileptiform discharges

Epileptic encephalopathy:
• Encephalopathy is DUE TO frequent 

seizures and/or frequent epileptiform 
discharges

• Improvement in seizure control will 
improve encephalopathy

Developmental and epileptic 
encephalopathy:
• Where both components are present

Adapted from Wirrell et al., 2022
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LGS criteria for diagnosis
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The etiology may impact:
- The age of onset
- The types of seizures
- The type of EEG abnormalities
- The level of EE/DEE/DE 
- The severity of encephalopathy
- The outcome
- The response to therapies

LGS

Structural

Infectious

Metabolic

Genetic
Unknown

One syndrome with different etiologies
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Transition to adulthood

 LGS persists into adulthood in nearly all cases 

 Seizures remain drug-resistant:
– Atypical absence and tonic seizures remain frequent in adults, 
– whereas atonic seizures often settle.

Moderate to severe intellectual disability present in >90% of patients

 Behavior disorders such as hyperactivity, aggression, autism spectrum disorder, and 
sleep disturbances are common in childhood and increase in adolescence and adulthood

Keep in mind the disease beyond seizures!

Ferlazzo et al., 2010; Camfield et al., 2011; Kerr M, et al., 2011; Kim HJ, et al., 2015; Vignoli et al., 2017; Strzelczyk et al., 2023
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Sleep problems

 53% reported sleep concerns:

– More commonly reported in children 
with nocturnal seizures (P = .03)

– Sleep problems more common with 
increasing age of child

Sleep questionnaire completed by caregivers of children with rare epilepsies 
(N = 356)

Gupta G, et al. Pediatr Neurol. 2022;128:9-15.
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HRQoL in relation to seizures and seizure-free days

Strzelczyk et al., 2023
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BECOME (BEhavior, COgnition, and More with Epidiolex®)

To characterize and quantify nonseizure behavioral and cognitive outcomes in 
pediatric (<18 years) vs adult (≥18 years) patients from the cross-sectional 
caregiver survey BECOME

 US-based caregivers (N=498) of patients with LGS (80%) or DS (20%) who 
received ≥3 months of CBD treatment (Epidiolex®, 100 mg/mL oral solution) compared 
the past month with the period before CBD initiation
Mean age of patients: 16 (11) years, median concomitant ASMs: 4 

 For adult patients, the most common improvement was in alertness (70%).

 A substantial proportion of caregivers of patients with LGS or DS, regardless of age, reported 
improvements in outcomes beyond seizure control since initiating CBD treatment.

Dixon Salazar et al., 2023
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Claire, 12 y girl with Lennox-Gastaut syndrome

 Diagnosed with infantile epileptic spasms syndrome at age 7 months and treated with 
high dose oral steroid and vigabatrin. Spasms relapsed at 10 months and have been 
drug resistant

 Over time, has developed nightly tonic seizures, daily atonic drops and atypical absences 
and weekly generalized tonic-clonic seizures
 EEG shows paroxysmal fast activity in sleep and generalized 2 Hz slow spike-wave
 Extensive testing (MRI, genetic and metabolic studies) are unrevealing

 She is in a specialized education program with a rehabilitation program tailored for her 
needs
 She is with her family during nights, weekends and holidays
 The coordination of care is handled by her pediatric neurologist, her center and her family
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Claire, now 17 years old

 Some improvement in seizures on new available ASM
 Still having 1-2 subtle tonic seizures each night, each lasting <5 seconds, GTCS are twice 

monthly
 She has severe ID and autism spectrum disorder
 Her family is finding it difficult to manage her aggressive behavior
 She also has disrupted sleep making nights difficult for the whole family
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Claire, now 17 years old
 Some improvement in seizures on new available ASM
 Still having 1-2 subtle tonic seizures each night, each lasting <5 seconds, GTCS are twice monthly
 She has severe ID and autism spectrum disorder
 Her family is finding it difficult to manage her aggressive behavior
 She also has disrupted sleep making nights difficult for the whole family

Preparing the transition to adult care:

 Adult epileptologist asked many questions on her new ASMs and on her ID
 Psychiatrist is not sure of his role for adults with ASD and ID with epilepsy
 Adult home care can handle the seizures and lack of autonomy but not the behavior
 The family is unable to be as present as before with the mother on chemotherapy!
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Transition: no size fits all!

Epilepsy and 
syndromes 
outcomes

Complexity of 
the needs and 
interventions

The local 
context of 

care
Gender?

Core set transition program with a personalized path for each patient
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DEEs transition to adult care in LGS

 Change in type, duration, sleep/awake occurrence, 
trigger factors, impact ...and in some instances 
frequency

 Some LGS therapies are less used in adults
(fenfluramine, cannabidiol and ketogenic diet)

 The impact of ASMs can be different on comorbidities
in adolescents and adults

 Consider the drug-to-drug interactions in women with
medical contraception and efficacy of contraception

Changes in seizures and seizures’ therapies
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The transition beyond seizures?
Changes in the 
coordination of care:
• Who is the care 

coordinator after the 
pediatric neurologist and 
the family? 

• How to handle the 
different needs and 
multidisciplinarity? 

• Sexual function, contraception, 
reproductive toxicities

• Changes in legal status: capacity, 
consent, best interest

Changes in comorbidities and 
their impact:
• Intellectual disability and autonomy

• Psychiatric and behavior disorders

• Motor and movement disorders

• Sleep disorders

• Eating and GI disorders

:
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Multidisciplinarity in medical care and beyond
Minimum pediatric experts involved:
- Child neurologist/epileptologist
- Child psychiatrist
- Gastroenterologist
- Orthopedic surgeon
- Epilepsy nurse (in some countries) 

With a team of rehabilitation:
Psychomotricity
Speech therapy
Physiotherapist and occupational therapist
Special education team
Psychologist

Individual
with epilepsy
and patient 
and family

QoL

Feeding
and GI 

disorders

Seizures

development

behavior

psychiatric
disorders

Gait

Movement
disorders

SUDEP

Sleep
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Coordination of the multidisciplinary care
A critical issue during transition and transfer

Multidisciplinary
medical, 

educational and 
social actors

Pediatric
neurologist

Family

Translate this pediatric organisation to adult care
through transition programs 
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Key messages
Lennox-Gastaut syndrome is a DEE syndrome-in-evolution as other DEEs 
may evolve to LGS

 
 Intellectual disability is often moderate to severe
 
Psychiatric and behavioral comorbidities are major issues all life long

LGS is a lifelong disease that requires specific preparation for the transition 
and transfer to adult care, ensuring multimodal care

Transition should be personalized as no size fits all!
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