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Developmental Epileptic Encephalopathies



• ”Developmental epileptic  encephalopathy” describes the process of cognitive impairment due to epileptic 
activity which occurs across a range of epilepsy syndromes, and to a variable extent over time.

• The epileptic encephalopathy is the potentially reversible state that a patient with epilepsy can be in, but it 
does not represent the overall diagnosis.

• Deterioration is independent from epilepsy, even if epilepsy can aggravate the clinical picture and epileptic 
activity may contribute to cognitive and behavioral impairment that can worsen over time (“epileptogenic” 
encephalopathy’’). 

DEEs: Conceptual issues
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Dravet Syndrome is an early-onset treatment-resistant epilepsy syndrome1

1. ILAE. Available from: https://www.epilepsydiagnosis.org/syndrome/dravet-
overview.html (Accessed 23 January 2019); 2. Dravet C. Epilepsia. 2011;52(Suppl. 
2):S3–9; 3. Orphanet. Dravet syndrome. Available from: 
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Expert=33069&lng=EN 
(Accessed 24 January 2019)

• Normal birth and neonatal history1

• First seizure: typically clonic, generalised or unilateral and in first year of life1,2

• Additional seizures: 2 weeks to 2 months after first seizure2

• Patients suffer from multiple seizure types, including prolonged convulsive 
seizures which can evolve to SE2

• The prevalence of DS is <1 in 40,000 worldwide and 1 in 28,000 in the UK3

AED, anti-epileptic drug; DS, Dravet syndrome;
IDEAL, International Dravet syndrome Epilepsy Action League; 

SE, status epilepticus; SUDEP, sudden unexpected death in epilepsy



Febrile and afebrile, generalized and 
unilateral, clonic or tonic-clonic seizures, 
that occur in the first year of life;  later 
associated with myoclonus, atypical 
absences, and focal seizures
All seizure types are resistant to 
antiseizure drugs
Developmental delay becomes evident 
within the 2nd year, followed by cognitive 
impairment and personality disorders

Prevalence: 1:15-40,000 live births



Nat Neurosci 2006;9(9):1142-9 
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Median age: 39 years (range 20-66)
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DS is characterised by high risk of epilepsy-related premature death
• Cohort of 100 consecutive patients with DS1

- DS-specific mortality rate of 15.84/1000 patient years

- DS-specific SUDEP rate higher than in adults with refractory epilepsy 
(9.32 vs 5.1/1000 patient years)

- SUDEP in DS occurs mainly in childhood

1. Cooper MS, et al. Epilepsy Res. 2016;128:43–47; 2. Shmuely S, et al. Epilepsy Behav.
2016;64:69–74; 

Review of 177 cases of death in DS patients2

• Systematic review of 177 published cases of death in DS2

- SUDEP and SE were the most likely causes (figure)

- Mean (SD) age at death 8.7 (9.8) years

- 73% of deaths occurred before the age of 10 years

- SUDEP in DS occurs at a younger age (73% before the age 
of 11 years) than in other epilepsy cohorts (3-9% at ≤10 years)

49

32

8
5 3 3

SUDEP

SE

Drowning/accident

Infection

Other

Unknown

DS, Dravet syndrome; IDEAL, International Dravet syndrome Epilepsy Action League; SD, 
standard deviation; SE, status epilepticus; SUDEP, sudden unexpected death in epilepsy

Adapted from: Shmuely S, et al. Epilepsy Behav. 2016;64:69–74
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Status epilepticus

1. Ziobro J, et al. Curr Treat Options Neurol. 2018;20:52; 2. Brunklaus A, et al. Brain. 2012;135:2329–2336;
3. Aras LM, et al. Epilepsy Behav. 2015;44:104–109; 4. Shmuely S, et al. Epilepsy Behav. 2016;64:69–74; 5. 
Koubeissi M, Alshekhlee A. Neurology. 2007;69(9):886–893; 6. Wu YW, et al. Neurology. 2002;58(7):1070–1076.

Frequent SE in 
younger 
patients1

SE predicts worse 
cognitive and 

developmental 
outcome2

Up to one-third
of all deaths in 
DS are due to 

SE; age at death 
due to SUDEP is 
lower than seen 

in other 
epilepsies4

33% of patients admitted to the 
emergency room due to SE in the 
last year based on a parent-
reported survey in a European 
population with DS3

33%

High risk 
of recurrent, 

prolonged 
convulsive 
seizures1

DS, Dravet syndrome; SE, status epilepticus; TC, tonic–clonic

86% ≤10 years

98% ≤20 years

4% ≤10 years

4% <20 years

Age at SE-related death

Other 
epilepsies5,6DS4

Adapted from Shmuely S, et al. Epilepsy Behav. 2016;64:69–74; 5. Koubeissi M, Alshekhlee A. 
Neurology. 2007;69(9):886–893; 6. Wu YW, et al. Neurology. 2002;58(7):1070–1076.
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Treatment challenges in patients with DS

1. Wirrell EC, et al. Pediatr Neurol. 2017;68:18–34.e3; 
2. Dravet C. Epilepsia. 2011;52:3–9; 3. Ziobro J, et al. Curr Treat Options Neurol. 2018;20:52 AED, anti-epileptic drug; DS, Dravet syndrome; SE, status epilepticus; SUDEP, sudden unexpected death in epilepsy

Changing goals over time:3

• Younger children: prompt 
and early treatment with 
appropriate AEDs; SE 
management

• Older children and 
adolescents: reduction 
of nocturnal seizures to 
reduce risk of SUDEP

Limited literature and guidelines for diagnosis and treatment1

Multiple seizure types with a high degree of treatment resistance1,2

Some AEDs may exacerbate 
seizures and should be avoided3

Adequate seizure control remains 
a significant concern for many 
patients despite currently available 
treatment options3

• Complete seizure control is 
typically not achievable1

• High seizure burden results in poor 
quality of life for the child with DS 
and their family1



Potential benefits of effective seizure control

1. Wirrell EC. Can J Neurol Sci. 2016;43:S13–S18; 2. Akiyama M, et al. Acta Med Okayama. 2012;66:369–376; 3. 
Brunklaus A, et al. Brain. 2012;135:2329–2336; 4. Lamberts RJ, et al. Epilepsia 2012;53:253–257; 5. Licheni SH, 
et al. Dev Med Child Neurol 2018;60:192–198

DS, Dravet syndrome; QoL, quality of life; SE, status epilepticus; SUDEP, sudden 
unexpected death in epilepsy

A greater degree of cognitive and 
behavioural impairment has been 

linked to higher seizure frequency1

Suppression of seizures may 
improve mental prognosis2

Prevention of SE with regular 
medication and emergency 

protocols may improve 
developmental outcome3

It may be possible to reduce 
the risk of premature death in 
patients with DS by reducing 
convulsive seizure frequency 
and preventing evolution to SE1

Reduction in nocturnal seizures 
may reduce the risk of SUDEP 

and improve QoL and 
developmental outcome4,5

Nocturnal seizures
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Further research is required 
to establish the potential 
benefits of effective seizure 
control in patients with DS2



Lennox-Gastaut syndrome: Prevalence and Incidence
• Prevalence is 1 to 10 % of all childhood epilepsy
• Incidence rate for LGS of all new onset epilepsies is 0.6 %







Available treatment options for patients with LGS are limited

1. Cross HJ, et al. Front Neurol. 2017;8:Article 505; 2. Hancock EC, Cross HJ. Cochrane Database 
of Systematic Reviews 2013:Issue 2; 3. Bourgeois BFD, et al. Epilepsia. 2014;55:4–9 AED, anti-epileptic drug; LGS, Lennox-Gastaut syndrome

01
Limited evidence base for 
pharmacological treatments1

02
Management is complicated 
by multiple seizure types and 
comorbidities1

05

04

Despite AED treatment, seizures 
persist in 80–90% of patients3

Limited 
treatment 

options

03
No single treatment has been 
shown to be highly efficacious2

Many patients receive 
polypharmacy without seizure 
control2

21

80–90%



Estimated 3–25% 
mortality rate1,2
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Seizures contribute to risk of death in children with LGS

1. van Rijckevorsel K. Neuropsychiatr Dis Treat. 2008;4(6):1001–1019; 2. Bourgeois BFD, et al. Epilepsia.
2014;55:4–9 3. Mastrangelo M. Neuropediatrics. 2017;48:143–151; 4. Autry AR, et al. J Child Neurol.
2010;25(4):441–447; 5. Kerr M, et al. Epileptic Disord. 2011;13(Suppl. 1):S15–26 LGS, Lennox-Gastaut syndrome; SE, status epilepticus; SUDEP, sudden unexpected death in epilepsy

Since key risk factors for SUDEP 
include intractable epilepsy, 

high seizure frequency, use of 
polytherapy, onset of epilepsy at 
an early age and long duration 

of epilepsy, patients with LGS are 
particularly at risk of SUDEP5

Death often results from 
accidents during seizures 
or complications of SE3

Compared with the general population, 
risk of death from neurological causes such as 
prolonged seizures and SE was 19 times greater 
in children with epilepsy and 179 times greater 
in children with LGS4

The risk of death among 
children with LGS is reported as 

14 times greater than that 
of the general population4

14 x 
greater

3–25%
mortality



≥50%

23

Uncontrolled seizures have devastating consequences

1. Mastrangelo M. Neuropediatrics. 2017;48:143–151; 2. Camfield PR. Epilepsia. 2011;52:3–9; 
3. Gallop K, et al. Seizure. 2009;18:554–558; 4. Borggraefe I, Noachtar S. Clin Med Insights Ther. 2010;2:15–24; 
5. Arzimanoglou A, et al. Lancet Neurol. 2009;8:82–93; 6. Sforza E, et al. Epileptic Disord. 2016;18:44–50; 
7. Overvliet GM, et al. Epilepsy Behav. 2010;19:550–558; 8. Licheni SH, et al. Dev Med Child Neurol. 2018;60:192–198; 9. Gibbon FM, et al. Arch Dis 
Child 2018;0:doi: 10.1136/archdischild-2017-313421. [Epub ahead of print]; 10. Bourgeois B. Epilepsia. 2014;55(Suppl. 4):S4–9

 Drop attacks: occur in 
at least 50% of patients 
and can result in falls 
and injuries; tend to 
happen suddenly; 
protective headgear is 
required1–3

IEDs during sleep are a 
characteristic of LGS5,6

Non-
convulsive SE 

is common 
(50–75% of 
patients)1

Nocturnal seizures

All LGS patients 
have tonic seizures 

during sleep2

High seizure frequency
AND 
Repeated episodes of SE 
are poor prognostic indicators4

76%

Cognitive ability worsens 
with high seizure frequency1,2

Severe lifelong 
cognitive impairment1,2

Cognitive impairment, 
behavioural problems and 
psychiatric disorders in LGS 
patients are linked to seizure 
activity early in life5,10Nocturnal IEDs and seizures in children 

are associated with poor sleep and 
subsequent attentional, cognitive, and 
psychosocial problems7–9

IEDs, Interictal epileptiform discharges; LGS, Lennox-Gastaut syndrome; SE, status epilepticus
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Potential benefits of improved seizure control

1. Arzimanoglou A, Resnick T. Epileptic Disord. 2011;13(Supp.l 1):S3–S13; 2. Berg AT, et al. Epilepsia. 2018;DOI:10.1111/epi.14569; 3. Mastrangelo M. Neuropediatrics. 2017;48:143–151; 4. Gallop K, et al. Seizure.
2010;19:23–30; 5. Autry AR, et al. J Child Neurology. 2010;25(4):441–447; 6. Conry JA, et al. Epilepsia. 2009;50:1158–1166; 7. Ng YT, et al. Epilepsy Behav. 2012;25:687–694; 8. Montouris GD, et al. Epilepsia.
2014;55:10–20; 9. Arzimanoglou A, et al. Lancet Neurology. 2009;8:82–93. 10. Wheless JW. Epilepsy Behav. 2006;8:756–764. 11. Cross JH, et al. Front Neurol. 2017;8:Article 505; 12. Camfield PR. Epilepsia.
2011;52(Suppl. 5):S3–9; 13. Borggraefe I, Noachtar S. Clin Med Insights Ther. 2010;2:15–24 

Early treatment may improve the 
outcome1,2

Reduction in seizure frequency or severity may
• Improve cognition and behaviour1,3

• Reduce the risk of injury4

• Increase participation in school4
• Improve a patient’s ability to self care4

• Reduce impact on social and family relationships4 Better seizure control might 
lead to reduced mortality5

Reductions in drop seizures have been 
associated with improved quality of life 
in clinical trials6–8

Further research is needed to examine the effects 
of treatment on behaviour and cognition9

Children with intractable epilepsy agreed that 
small improvements in seizure control make a 
day-to-day difference10

90%

Complete seizure freedom is unusual;11,12

<10% of patients become seizure free1310%
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The burden of refractory epilepsies on the carer

1. Villas N, et al. Epilepsy Behav. 2017;74:81–86; 2. Campbell JD, et al. Epilepsy Behav. 2018;80:152–161; 
3. Jensen MP, et al. Epileptic Behav. 2017;74:135–143; 4. Lagae L, et al. Dev Med Child Neurol. 2018;60:63–72. 
5. Skluzacek JV, et al. Epilepsia. 2011;52(Suppl. 2):S95–101; 6. Ceulemans B. Dev Med Child Neurol. 2011;53(Suppl. 2):19–23

Caregiver health
• Anxiety, depression, pain2

Caregiver tasks
• Time commitment2

• Transportation2

• Personal care2

• Household tasks2

Concerns about sleep issues1,3

• 82% of caregivers sleep with 
the patient1

Emergency care in the past 12 
months
• 50% had ≥1 emergency 

admission
• 46% had ≥1 ambulance call4

Physical

Seizures represent only a portion of parent and caregiver concerns1

Many have anxiety or 
depression1,2

• 89% need support in 
managing ongoing stress5

• 86% experienced grief
regarding their child’s 
conditon5

Many feel helpless and are 
sometimes afraid of their 
own child6

Emotional

Communication issues, 
impacts on siblings and 
cognitive impairment are 
ranked as top concerns after 
seizure control1

Arranging child care, 
communication and managing 
behavioural problems present 
the greatest difficulties2

Psychological

26% missed >1 day of work in 
the previous week2

43% report substantial impact 
on work productivity2

65% reported switching, 
quitting or losing a job due to 
caregiving responsibilities2

Financial

DS, Dravet Syndrome
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Summary

Factor DS LGS

Treatment availability Limited options2 Limited options1

Despite AED treatment, seizures persist in 80–90% of 
patients3

Mortality Mortality rate of 15.84/1000 
patient years5

The risk of death among children with LGS is reported 
as 14 times greater than that 
of the general population4

Consequences of 
uncontrolled seizures

High risk of recurrent, prolonged convulsive seizures9

Frequent SE in younger patients9
Non-convulsive SE is common6

Drop attacks occur in at least 50% of patients and can 
result in falls and injuries; tend to happen suddenly; 
protective headgear is required6–8

Potential benefits of 
seizure control

• Greater degree of cognitive and behavioural 
improvement13

• Management of nocturnal seizures may:
• Improve QoL, developmental outcomes, and 

seizure control14

• Reduce the risk of SUDEP15

• Improve cognition and behaviour6,10,11

• Reduce the risk of injury12

• Increase participation in school12

• Improve a patient’s ability to self care12

• Reduce impact on social and family relationships12

1. Cross HJ, et al. Front Neurol. 2017;8:Article 505;  2. Wirrell EC, et al. Pediatr Neurol. 2017;68:18–34.e3; 3. Bourgeois BFD, et al. Epilepsia. 2014;55:4–9; 4. Autry AR, et al. J Child Neurol. 2010;25(4):441–447; 5. 
Cooper MS, et al. Epilepsy Res. 2016;128:43–47; 6. Mastrangelo M. Neuropediatrics. 2017;48:143–151; 7. Camfield PR. Epilepsia. 2011;52:3–9; 8. Gallop K, et al. Seizure. 2009;18:554–558;  9. Ziobro J, et al. Curr
Treat Options Neurol. 2018;20:52; 10. Arzimanoglou A, Resnick T. Epileptic Disord. 2011;13(Supp.l 1):S3–S13; 11. Berg AT, et al. Epilepsia. 2018;DOI:10.1111/epi.14569;  12. Gallop K, et al. Seizure. 2010;19:23–
30; 13. Wirrell EC. Can J Neurol Sci. 2016;43:S13–S18; 14. Licheni SH, et al. Dev Med Child Neurol 2018;60:192–198; 15. Lamberts RJ, et al. Epilepsia 2012;53:253–257



‘Global care’ of epilepsy patients

• Make solid clinical diagnoses
- syndrome, seizure types, EEG features, triggering factors

• Educate, inform, and support  the patient and the parents



Thanks for your attention



Comorbidità nel bambino con epilessia

PROF. PASQUALE STRIANO
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• Epilepsy is the most common childhood neurologic disorder, affecting 0.5–1.0% of children 
younger than 16 years.

• Epilepsy in children is associated with variable comorbidities although the frequency of such 
manifestations is often difficult to determine.

• Some of these comorbidities may occur as early as in newly diagnosed epilepsy prior to treatment 
and in children with controlled epilepsy.

Hamiwka & Wirrell, 2009





Comorbidities of epilepsy in children



Neurological comorbidities (1)

• Cognitive impairment

Several population-based prevalence studies of children with epilepsy reported that intellectual 
disability (full-scale intelligence quotient < 70) was the most common comorbidity (30–40%). 

The various epilepsy syndromes of childhood differ greatly in terms of cognitive outcome.

The long-term risk of learning problems exists even in those with initially normal IQs or well-controlled 
seizures.

• Language impairment

The occurrence of speech disorders may be as high as 27.5% in children with epilepsy. Compared with 
their siblings, children with epilepsy have significantly lower language scores in word knowledge, 
category fluency, and response to commands of increasing length and complexity, especially in those 
with an earlier age of onset.

Some epileptic syndromes have been well documented in association with language impairment, e.g. 
Landau–Kleffner syndrome (LKS) and the epilepsy with continuous spike waves during slow-wave 
sleep (CSWS)



Neurological comorbidities (2)

• Migraine

Migraine and epilepsy are highly comorbid and individuals with each disorder are more than twice as 
likely to have the other.

Children with epilepsy had a 4.5-fold increased risk of developing migraine headache than tension-type 
headache.

Headache usually start in the same year or after the diagnosis of epilepsy and occur mostly in children 
older than 10 years with genetic/non lesional epilepsy.

• Sleep problems

Children with epilepsy have significantly more sleep problems, including parasomnias, sleep 
fragmentation, daytime drowsiness, parent/child interaction during the night.  Children with refractory 
seizures have more sleep problems than seizure-free children. 

Children with epilepsy have abnormal stage 1 sleep percentage and latency to rapid eye movement (REM) 
sleep compared with controls. 

REM latency, length of apnea, and periodic leg movement correlate with depression, inattentiveness and 
hyperactivity, and/or oppositional behavior. Persistent daytime drowsiness in children with epilepsy is not 
always due to the side effects of therapy.



Psychiatric comorbidities

• Psychiatric disorders can emerge in children early in the 
course of their illness or even prior to the onset of seizures.  
The most common include attention deficit/hyperactivity 
disorder (ADHD), and depressive and anxiety disorders. 

• Children with autism spectrum disorder (ASD) have an increased prevalence (up to 25%) of 
seizures. However, the prevalence of ASD in children with epilepsy is similar but varies 
depending on age, types of epilepsy, and method of evaluation. 

• ADHD is more prevalent in children with epilepsy compared to healthy controls (31% vs. 
6%), especially in frontal lobe epilepsy, childhood absence epilepsy, and rolandic epilepsy, 
and may antedate seizure onset.

• Mood disorders had been reported in 12–26% of children with epilepsy. Emotional disorders 
can occur in 16.7% of children with epilepsy (compared with 4.2% in the general 
population).

• Certain psychiatric disorders, including primary mood disorders, increase the risk for suicide 
in adults with epilepsy.
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Physical comorbities: the paradigm of TSC

Information based on TuberOus Sclerosis registry to increase disease Awareness (TOSCA), N=2223. The rates of features reported in TOSCA reflect the age range and referral patterns of clinics 
contributing patients to the registry. CNS, central nervous system; LAM, lymphangioleiomyomatosis; SEGA, subependymal giant cell astrocytoma; SEN, subependymal nodules.
Kingswood JC et al. Orphanet J Rare Dis. 2017;12(1):2.

Brain/CNS
• Epilepsy (83.5% of patients)
• Cortical tuber (82.2% of patients)
• SEN (78.2% of patients)
• SEGA (24.4% of patients)
• Cerebral white matter radial 

migration lines (20.5% of patients)

Kidney
• Renal angiomyolipoma 

(47.2% of patients)
• Multiple renal cysts 

(22.8% of patients)

Heart
• Cardiac rhabdomyoma

(34.3% of patients)

Lung
• LAM (6.9% of patients)

Skin 
• Facial angiofibroma 

(57.3% of patients) 
• ≥3 hypomelanotic macules 

(66.8% of patients)
• Shagreen patches 

(27.4% of patients)



Physical comorbidities caused by specific drugs in children with epilepsy

• Most well-known adverse effects of 
treatment, including allergic 
reaction, cytopenia, electrolyte 
imbalance, and renal or hepatic 
impairment, are reversible after 
ceasing drug use. 

• Some physical comorbidities related 
to drugs, including disturbances of 
hormonal balance, may potentially 
have a long-term impact on the 
medical health and quality of life of 
the children with epilepsy. 



Choice of AEDs related to comorbidities in epilepsy

Lee BI et al, Epilepsy Research 2019



Prevent, limit, and reverse the comorbidities associated with 
epilepsy and its treatment

• Identify and characterize the full range and age specificity of comorbidities in 
people with epilepsy

• Identify predictors and underlying mechanisms that contribute to comorbidities
• Determine the optimal treatments for the neuropsychiatric and cognitive 

comorbidities in people with epilepsy



Perspective strategies and recommendations

• Neurological and non neurological comorbidities are common in children 
with epilepsy, and sometimes even more disabling than the seizures 
themselves.

• Management strategies focus not only on controlling seizures, but also on 
early diagnosis and therapy of comorbid conditions which should be 
assessed as integral part of management in childhood epilepsy. 

• Clinicians should screen and assess the comorbidities both in children with 
newly diagnosed epilepsy and those with regular follow-up after treatment. 

• Many factors may contribute to the development of physical morbidities, 
such as the detrimental effects of chronic seizures and therapies. When a 
physical comorbidity is suspected to result from a specific medication, 
alternatives should be considered. 

• Because of a significant impact of childhood epilepsy on children and their 
families, further work should also focus on the educational strategies of 
psychosocial support to reduce the patient’s burden and familial stress.
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