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Abstract
To describe the outcome of Dravet syndrome (DS) in adolescents and adults we 
conducted a longitudinal retrospective study of two independent cohorts of 34 ado-
lescents (group 1) and 50 adults (group 2). In both cohorts, we collected information 
about genetic mutation, and semiology of seizures at onset and during disease course. 
At the last evaluation, we considered the following features: epilepsy (distinguishing 
myoclonic/complete and nonmyoclonic/incomplete phenotype), neurologic signs, 
intellectual disability (ID), and behavioral disorders. Moreover, in both cohorts, we 
performed a correlation analysis between early characteristics of the disease and the 
outcome of DS with regard to seizure persistence, ID, behavioral disorder, and neu-
rologic impairment at last evaluation. Group 1 includes 22 adolescents with complete 
form of DS and 12 with incomplete form; group 2 includes 35 adults with complete 
form and 15 with incomplete form. The seizures persisted in 73.6% of adolescents 
and in 80% of adults, but epilepsy severity progressively decreased through age. 
Seizure persistence correlated with the complete phenotype and with the occurrence 
of reflex seizures. At last evaluation, ID was moderate or severe in 70.5% of ado-
lescents and in 80% of adults. The most severe cognitive and motor impairment was 
observed in patients with persisting seizures. The severity of cognition, language, 
and neurologic impairment at last evaluation correlated statistically with the com-
plete phenotype. The study confirms that the global outcome of DS is poor in most 
cases, albeit epilepsy severity decreases throughout adulthood. The improvement of 
epilepsy throughout ages is not associated with improvement in intellectual abilities 
and motor skills; this confirms that the unfavorable outcome is not a pure conse-
quence of epilepsy.
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1 |  INTRODUCTION

Dravet syndrome (DS) is a rare disease characterized by 
drug"resistant epilepsy and by cognitive, neurologic, and 
behavioral impairment of variable degree.1 As reported 
by Scheffer and Dravet,2 the outcome is heterogeneous: 
although some patients have a relatively good outcome, 
others have persisting severe epilepsy complicated by sev-
eral comorbidities including intellectual disability (ID), 
language impairment, and behavioral and motor disorders 
with gait problems.3,4

Literature data report persistent seizures, language impair-
ment, and ID in the majority of adolescents5 and adults.6#12 
The neuropsychological decline usually appears evident in 
the second/third year of life,13#16 and becomes more pro-
nounced in adolescence. Cognitive disabilities and behav-
ioral disturbances are among the most important negative 
prognostic factors of quality of life in adults.12,17,18 Disabling 
motor disorders are also frequently reported both in adoles-
cents and adults,4#6,8#10,18#21 and the presence of a parkinso-
nian component has been recently outlined.22,23

The respective role of genetic mutation, epilepsy, and 
treatment in determining the final outcome is still largely 
unknown. The few reported studies aimed at correlating the 
early electroclinical features and the long"term outcome did 
not reach consistent conclusions.3,5,7,16,19,24,25

We report the results of a retrospective longitudinal study 
of two cohorts of patients—34 adolescents (group 1) and 50 
adults (group 2)—in order to describe the features of DS in 
two different stages of life, and to contribute to clarify which 
early characteristics of the disease may predict the outcome.

2 |  PATIENTS AND METHODS
This longitudinal retrospective study includes two co-
horts: Group 1, 34 adolescents longitudinally followed"up 
at the Child Neurology Unit of Fondazione Policlinico 
Universitario Gemelli, IRCCS, Roma; and Group 2, 50 adults 
recruited, longitudinally followed"up, and evaluated with 
common methods at the Child Neuropsychiatry, University 
of Verona (31 patients) and at the Department of Paediatric 
Neuroscience of Neurological Institute C.Besta in Milano 
(19 patients).

The inclusion criteria for both cohorts were: clinical di-
agnosis of DS,1 longitudinal follow"up since infancy in 
their referral centers, and molecular analysis of the SCN1A 
gene. Mutation analysis of the SCN1A gene was performed 
by the Sanger method, denaturing high"performance liquid 
chromatography (DHPLC) and, whenever necessary, multi-
plex ligation probe amplification (MLPA) to detect deletion 
and duplication. For all the patients, informed consent was 
obtained from parents or tutors and from the local ethics 

committees. Further details on the methods are reported sep-
arately in the following sections.

2.1 | Group 1—Adolescents
This cohort includes 34 patients (20 female; median age 
16!years 2!months) admitted to the Child Neurology Unit 
of Fondazione Policlinico Universitario Gemelli, IRCCS, 
between 2000 and 2017, and between 11 and 20!years of 
age at the last evaluation. The cohort comprises 20 cases 
reported in Olivieri et!al5 and 7 cases described previously 
at a younger age.14,26,27

Diagnostic work"up included clinical examination, eval-
uation of seizure semiology, video–electroencephalography 
(EEG) recordings, magnetic resonance imaging (MRI), and 
genetic tests. We analyzed epilepsy features during childhood 
(from onset to 10!years of age) and adolescence (from 11 to 
20!years of age), and classified the patients in three groups 
according to the severity of epilepsy (group A, mild; group 
B, moderate; group C, severe), as shown in Table!1. In line 
with literature criteria,28 we classified DS as “Complete” or 
“Incomplete DS”: the latter term refers to DS without atypi-
cal absences (AA) and myoclonic seizures. Intellectual func-
tioning was assessed by Wechsler scales, Raven's Colored 
Progressive Matrices (RCPMs), or Leiter"R according to the 
age and to the level of collaboration, and was classified ac-
cording to the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM"5) in normal intellectual func-
tioning, mild ID, moderate ID, or severe ID.

To evaluate the course of cognitive abilities from child-
hood to adolescence (improvement, stabilization, or worsen-
ing), we compared the results of the last cognitive assessment 
available before the age of 10 (24 patients) with the neuropsy-
chological data at the last evaluation. Behavioral disorders 

Key Points

• Epilepsy severity in Dravet syndrome (DS) de-
creases progressively from childhood to adoles-
cence and throughout adulthood

• Seizure persistence in adolescents and adults 
correlates strictly with cognitive and neurologic 
impairment

• The severity of cognitive and neurologic im-
pairment correlates with complete/myoclonic 
phenotype

• The severity of cognitive and neurologic impair-
ment correlates with the presence of reflex sei-
zures (photo"pattern and self"induced)

• The severity of intellectual disability and language 
impairment correlates with early onset of seizures
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were assessed by Child Behavior Checklist (CBCL) and by 
clinical observation.

Neurologic examination evaluated the presence of motor 
disorders with particular attention to gait disorders and cere-
bellar and extrapyramidal signs.

We investigated the presence of negative prognostic factors 
for epilepsy and ID severity at the last evaluation. Analysis of 
variance (ANOVA) was used to test difference in mean age at 
follow"up and severity of epilepsy and cognitive outcome in 
adolescence. Where a difference existed, the age at follow"up 
was used to adjust association analysis. Ordinal logistic regres-
sions, adjusted for age at follow"up in months, were performed 
to estimate: (a) the association between relevant explanatory 
variables (gender, SCN1A mutation, DS type, neurologic 
signs, and behavioral disorders) and severity of epilepsy in ad-
olescence; (b) the association between relevant variables (gen-
der, SCN1A mutation, DS type, neurologic signs, behavioral 
disorders, improvement in epilepsy severity from childhood 
to adolescence, seizure severity, and at least 1!year of seizure"
freedom at the outcome) and cognitive outcome.

2.2 | Group 2—Adults
This cohort includes 50 patients (27 female, mean age 
29! years, median 28! years) who were older than 18! years 
of age at the last evaluation; the patients have been se-
lected within a series of 172 DS patients followed at Child 
Neuropsychiatry, University of Verona or at the Department 
of Paediatric Neuroscience of Neurological Institute C.Besta 
in Milano.

We collected information about family history of ep-
ilepsy and/or febrile seizures, age and semiology of sei-
zures at onset, and seizure semiology during the disease 
course. Seizure semiology has been defined according to 
the International League Against Epilepsy (ILAE) classi-
fication.29 Photo pattern sensitivity (PPS) and self"induced 
seizures (SiS), confirmed by EEG polygraphic recordings, 
were both defined as reflex seizures (RS). During the fol-
low"up, the patients were evaluated comprehensively at 
regular intervals, by clinical and EEG recordings and by 
cognitive evaluation (Griffiths and Wechsler scale, accord-
ing to the level of collaboration and intellectual ability).

At the last evaluation we considered the following features: 
(a) Epilepsy: we collected information on semiology and 

frequency of seizures and details on the current antiepileptic 
treatment. Based on seizure semeiology, we distinguished two 
phenotypes: (1) “Myoclonic Phenotype” consistent with the 
“Complete” DS, and (2) “Nonmyoclonic Phenotype” consis-
tent with the “Incomplete” DS. (b) Neurologic examination: 
we evaluated the presence of pyramidal, extrapyramidal, and 
cerebellar signs, of gait impairment and action myoclonus. 
(c) Language abilities: we evaluated the expressive language; 
according to the level of impairment, we distinguished the 
following categories: 0, patients with functionally effective 
language; 1, patients able to sustain a simple conversation; 
2, patients using short sentences; 3, patients able to produce 
only isolated words; 4, patients not capable of speaking. (d) 
Intellectual disability and behavioral disorders: based on 
clinical evaluation, we distinguished normal functioning, and 
mild, moderate, and severe ID. For the statistical analysis, 
patients with normal cognitive functioning were aggregated 
with patients with mild ID, patients with moderate ID were 
aggregated with patients with severe ID. Behavioral disorders 
were assessed by CBCL, and by the clinical observation. (e) 
Adaptive functioning was assessed by Vineland Scale in 29 
patients of 50.

Statistical analysis has been done by Pearson chi"square 
test. A P"value <0.05 was regarded as significant.

3 |  RESULTS

3.1 | Group 1—Adolescents
The cohort includes 22 patients with the complete form of DS 
and 12 with the incomplete form. The general demographic, 
genetic, clinical, and neuroimaging data of the whole series 
in relation to the severity of epilepsy are summarized in 
Table!2. During adolescence, epilepsy was mild in 41.1% (14 
patients, group A), moderate in 32.4% (11 patients, group B), 
and severe in 26.5% (9 patients, group C). At the last evalu-
ation, 9 of the 14 patients in group A had been seizure"free 
for at least 1!year, whereas 5 still experienced either febrile 
or afebrile generalized tonic"clonic seizures (GTCSs) and/or 
focal seizures yearly. All the patients of group A were still 
given antiepileptic drugs (AEDs), with the exception of one 
patient who was on the ketogenic diet. The 11 patients of 
group B were all still experiencing seizures, monthly in six 
cases and weekly in five cases. GTCSs were reported in all 

T A B L E  1  Group 1, adolescents: Epilepsy severity criteria

Epilepsy Group
Convulsive sz/
focal sz

Period with absences/
myoclonic sz Obtundation SE Convulsive SE

Sz!free 
period">1"y

Mild A Yearly No No No Yes/no
Moderate B Monthly $1!mo No Yes/no Yes/no
Severe C Daily/weekly %1!mo Yes Yes No

Abbreviations: Sz, seizure; SE, status epilepticus.
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patients, focal seizures in eight and atypical absences in three. 
All the nine patients in group C experienced GTCSs, associ-
ated with focal seizures in five and with myoclonic seizures 
in two; seizures clustered mostly during nocturnal sleep and 

epileptic status was observed in four of nine patients. None of 
the patients with mild or moderate epilepsy during childhood 
had a severe epilepsy during adolescence. Twenty of the 33 
patients with moderate or severe epilepsy during childhood 

T A B L E  2  Group 1, adolescents: general demographic, genetic, clinical, neuroimaging data according to epileptic outcome

Total Group A Group B Group C
34 14 (41.1%) 11 (32.4%) 9 (26.5%)

Gender
Female 20 (59%) 9 7 4
Male 14 (41%) 5 4 5

Mean age 16!y 3!mo 15!y 3!mo 15!y 3!mo 19!y
SCN1A

No mutation/deletion 4 (12%) 2 2 0
Truncating 11 (32%) 3 3 5
Missense 16 (47%) 8 4 4
Deletion 3 (9%) 0 2 1

Brain MRI
Thinning corpus callosum 2 1 1 0
Hippocampal atrophy 2 0 2 0
Nodular heterotopia 1 0 0 1
Cerebellar atrophy 1 0 0 1
Cerebral atrophy 1 0 0 1

DS type
Complete 22 (65%) 6 8 8
Incomplete 12 (35%) 8 3 1

Onset age (mean) 5.75!mo 6.2!mo 5.3!mo 5.6!mo
Childhood severity

Group A 1 (2.9%) 1 0 0
Group B 14 (41%) 10 4 0
Group C 19 (55.8%) 3 7 9

Seizure"free (last year) 9 (26%) 9 0 0
Cognitive outcome

No ID 1 (2,9%) 1 0 0
Mild ID 9 (26,4%) 6 3 0
Moderate ID 14 (41,1%) 6 4 4
Severe ID 10 (29,4%) 1 4 5

Behavioral disorders
No/mild 9 (27%) 6 1 2
Moderate 11 (32%) 4 5 2
Severe 14 (41%) 4 5 5

Neurologic signs
No 12 (35%) 8 4 0
Cerebellar signs 8 (24%) 3 3 2
Crouch gait 11 (32%) 3 4 4
Extrapyramidal signs 3 (9%) 0 0 3

Abbreviation: ID, intellectual disability.
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improved in adolescence. At the last evaluation, ID was mild 
in 26.4%, moderate in 41.1%, and severe in 29.4%; a normal 
IQ was observed in one patient only. Cognitive standardized 
evaluation performed between 6 and 10 years was available 
for 24 patients. The degree of ID was unchanged in 13 (only 
1 from group C, 6 from group A, and the other 6 from group 
B); by contrast the IQ level was reduced in 11 patients (5 in 
group A and 3 each in groups B and C). Epilepsy severity de-
creased in 10 of the 13 patients with stable IQ (77%), whereas 
epilepsy severity decreased in 6 of the 11 patients with IQ 
decline (54.5%).

Behavioral problems or psychiatric disorders were ob-
served in most patients (25 cases, 73%). The behavioral 
disorders ranged from mild or moderate—consisting of atten-
tion deficit, anxiety, perseveration, rule breaking, aggressive-
ness—to severe obsessive"compulsive disorder (13 patients), 
autistic features, and psychosis (5 patients).

We detected motor abnormalities in 22 patients (65% of 
the whole cohort). The 12 patients without motor deficits 
belonged to groups A and B. In all cases, motor abnormal-
ities appeared during childhood, usually before the age of 
6!years.

The ANOVAs of mean age at follow"up by groups of epi-
lepsy severity revealed a significant difference: patients with 
severe epilepsy in adolescence were significantly older than 
those with mild or moderate epilepsy (P!=!0.007).

Adjusting by age at follow"up, complete form of DS, and 
SCN1A deletion showed a significantly higher probability 
for severe epilepsy in adolescence. There were no significant 
correlations between gender, neurologic signs, behavioral 
disorders, and severity of epilepsy (Table!3).

The severity of cognitive impairment was significantly as-
sociated with the following: complete form of DS, severe epi-
lepsy during childhood, persistence of seizures, and presence 
of neurologic signs. Improvement in seizure severity from 
childhood to adolescence reduced the possibility of a severe 
cognitive impairment (Table!4).

3.2 | Group 2—Adults
The cohort includes 23 males and 27 females with age at last 
visit between 18 and 50!years (mean 29!years and median 
28!years). In 23 cases (46%), a positive family history for epi-
lepsy and/or febrile seizures was reported. The genetic analy-
sis of the SCN1A gene, performed in all 50 cases, detected a 
truncating mutation in 24 patients and a missense mutation 
in 24 patients. In two patients, extensive molecular analysis, 
which also included a Next Generation Sequencing (NGS) 
multigenic panel, failed to detect mutations or deletions in 
the SCN1A gene, as well in other genes related to childhood 
epilepsy.

Epilepsy onset ranged from 3 to 12! months (mean 
5.6! months and median 5! months). The first seizure 

occurred within the fifth month of life in half of the pa-
tients (26/50). The onset was marked by febrile seizure in 
25 subjects. The first seizure was reported as generalized 
tonic"clonic or clonic (GTCS"GCS) in 24 patients, unilat-
eral seizure (US) in 15, and nonmotor focal"onset seizure 
(NMFOS) in 7. In four children the onset was characterized 
by recurrent isolated massive myoclonias (MMs) triggered 
by fever or bath. In 20 patients, the epilepsy onset was 
marked by convulsive status epilepticus (CSE) (Figure!1). 
The clinical diagnosis of DS was made within the age of 
3!years in 29 subjects (within the age of 1!year in 14 of 
29), between 4 and 10!years in 10, and later in 11. During 
the disease course, all patients experienced GTCS/GCS. 
Other types of seizures included the following: US (30 pa-
tients) NMFOS (40 patients), AA with or without myoclo-
nias (38 patients), MM and/or absences with myoclonias 
(35 patients) (Figure! 1). Nineteen patients experienced 
reflex seizures induced by photo pattern stimulation; 14 
of them also had self"induced seizures. According to the 
type of seizures, we distinguished two phenotypes: (a) 
“Myoclonic Phenotype”, 35 patients (70%, 15M, 20F) who 

T A B L E  3  Group 1, adolescents: association between relevant 
explanatory variables and severity of epilepsy

Epilepsy severity in 
adolescence

P!valueadjORa CI 95%
Gender

Male 1 "
Female 0.41 0.10"1.62 0.205

SCN1A mutation
No mutation 1 "
Missense 3.5 0.26"46.1 0.348
Truncating 14.1 0.96"207.1 0.053
Deletion 57.6 2.0!1656.3 0.018

DS type
Incomplete 1 "
Complete 6.0 1.2!28.5 0.026

Neurologic signs
No 1 "
Cerebellar signs 3.2 0.5"19.8 0.217
Crouch gait 3.7 0.7"20.2 0.133

Behavioral/psychiatric disorders
No/mild 1 "
Moderate 1.8 0.3"11.3 0.511
Severe 3.2 0.6"17.6 0.187

Abbreviations: CI, confidence interval; DS, Dravet syndrome.
Bold values reflect statistical significance.
aOR ordinal regression adjusted for the age at follow"up in months. 
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had experienced MM"AM, which were associated with RS 
in 19 cases; (b) “Nonmyoclonic Phenotype”, 15 patients 
(30%, 8M 7F) who never experienced MM"AM or RS. 
During the disease course, the majority of patients (41/50, 
82%) had more than 3 CSEs. At the last examination, 40 
patients of 50 (80%) were still experiencing seizures; the 
remaining 10 patients, aged between 19 and 50!years (me-
dian age 28!years), were seizure"free (seizure"free period 
ranging between 1 and 10!years, median 3!years). In al-
most all the patients (37/40, 92.5%), GTCS were reported 
to occur mostly during sleep, and to recur in cluster in 

only 9 cases. Frequency of seizures was yearly in 8 sub-
jects, several per"year in 14, several per month in 12, and 
several per week in 3. Nonmotor focal seizures persisted 
in 9 of 40 patients (22.5%). Other less common types of 
seizures were US in three subjects, AA in 3, sporadic MM 
in 8, MM"AM associated with PPS and SiS in 2. Only two 
patients still had sporadic CSE. In 12 of 40 patients (30%), 
the seizures were still triggered by febrile illness. During 
the disease course, there was a significant reduction of all 
types of seizures, with the exception of GTCS (Figure!1). 
At the last examination, all patients were still given AEDs, 
in polytherapy in the majority of cases (13 patients 2 drugs, 
13 patients 3 drugs, 20 patients 4 drugs, and 2 patients 5 
drugs). The most used antiepileptic drugs were valproic 
acid (43/50), clobazam (33/50), topiramate (24/50), and 
stiripentol (11/50). Only two patients, seizure"free, were 
given only valproic acid. As expected, cognitive, motor, 
behavioral, and social impairment of variable severity oc-
curred in the great majority of the subjects through the 
disease course.

At the last examination, cognitive functioning was normal 
in three subjects only (6%). ID was mild in 7 patients (14%), 
moderate in 18 (36%), and severe in 22 (44%).

Neurological examination was normal in six cases only 
(12%). Motor impairment with pyramidal, extrapyramidal 
signs, and ataxia was present in 44 patients (88%); motor 
deficits were worsened by cortical myoclonus in 41 patients 
(82%). Gait impairment—of variable severity—was present 
in more than half of the patients (28/50%"56%); 4 patients 
were bedridden (8%). A gait pattern resembling crouch gait 
was observed in 13 of 28 cases (26%).

Language skills were normal in 8 cases (16%); 7 patients 
(14%) were able to sustain a simple conversation, 12 patients 
(24%) used short sentences, 11 patients (22%) were able to 

T A B L E  4  Group 1, adolescents: association between relevant 
explanatory variables and cognitive outcome in adolescence

Cognitive outcome

P!valuecrudeOR CI 95%
Gender

Male 1 "
Female 0.62 0.17"2.24 0.466

SCN1A mutation
No mutation 1 "
Missense 3.94 0.49"31.76 0.197
Truncating 6.86 0.76"62.25 0.087
Deletion 1.59 0.11"23.14 0.732

DS type
Incomplete 1 !
Complete 4.31 1.06!17.50 0.041

More than 1!y seizure"free
Yes 1 !
No 7.22 1.32!39.46 0.022

Epilepsy during childhood
Mild/Moderate 1 !
Severe 6.26 1.46!26.87 0.014

Neurological signs
No 1 !
Cerebellar signs 35.14 3.85!320.74 0.001
Crouch gait 14.33 1.96!105.00 0.009
Extrapyramidal 
signs

66.28 3.33!1317.81 0.006

Behavioral/psychiatric disorders
No/Mild 1 "
Moderate 0.61 0.12"3.15 0.551
Severe 0.92 0.19"4.38 0.915

Improvement in seizure severity from childhood to adolescence
No 1 !
Yes 0.22 0.05!0.90 0.035

Abbreviations: CrudeOR, crude ordinal regression; CI, confidence interval; DS, 
Dravet Syndrome.
Bold values reflect statistical significance.

F I G U R E  1  Group 2, adults: seizure types at onset, during 
disease course and at last evaluation. GTCS, generalized tonic clonic 
seizures; US, unilateral seizures; NMFOS, nonmotor focal seizures; 
AA, atypical absences; MM, massive myoclonias; RS, reflex seizures; 
CSE, convulsive status epilepticus [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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produce only isolated words, and 12 patients were not capa-
ble of speaking.

In half of the patients (26/50) the clinical observation 
and results from CBCL documented severe behavioral dis-
orders: attention deficit, obsessive, and oppositional disorder 
in 12 patients, marked autistic traits in 11, and psychosis in 2 
(Figure 2). The adaptive and behavioral developmental quo-
tient, as evaluated by the Vineland Scale in 29 adults patients, 
was significantly impaired: the impairment involved commu-
nication (median age equivalent: 5.3!years), daily living (me-
dian age equivalent: 5.9!years) and socialization (median age 
equivalent: 4.9!years). Seventeen patients had a mental age 
below 4!years, and only five patients had a mental age higher 
than 10!years.

The comparison between the patients who experienced 
MM (19 cases) and the remaining 10 cases revealed that all 
the patients with a mental age higher than 10!years belonged 
to the second group (no MM).

3.3 | Correlation analysis between epilepsy 
features in adulthood and clinical picture 
in adulthood
The persistence of seizures in adulthood correlates with 
the following variables: moderate/severe ID (P! =! 0.011), 
absent or very poor language (P! =! 0.008), and pyramidal/
extrapyramidal signs associated with cortical myoclonus 
(P! =! 0.020). Among patients with persisting seizures, the 
more severe ID (P!=!0.043) was observed in those still expe-
riencing MM. Seizures persisted in adulthood in only three of 
the six patients with normal neurologic examination.

3.4 | Correlation analysis between 
early clinical features and clinical picture 
in adulthood
Statistical analysis failed to find a correlation between per-
sistence of seizures in adulthood and the following vari-
ables: age at onset, age at diagnosis, semiology of the first 
seizure and its occurrence during fever, and recurrence of 
status epilepticus. The seizure persistence at the last visit, by 
contrast, correlates with the following variables: (a) occur-
rence of MM"AM (P! =! 0.002) even in cases with seizure 
onset after 5!months of life (P!=!0.025); (b) occurrence of RS 
(P!=!0.041); (c) presence of SiS (P!=!0.041); and (d) pres-
ence of a truncating mutation (P!=!0.026).

Statistical analysis failed to find a correlation between the 
long"term outcome (cognitive and language impairment, and 
behavioral disorders) and the following: age at diagnosis, first 
seizure semiology, its febrile/afebrile occurrence, recurrence 
of CSE, and type of SCN1A mutation. The severity of intel-
lectual disability correlates with the early onset of seizures 
(within 5! months) and with the presence of MM"AM and 
RS. Moderate and severe ID statistically correlates with early 
onset of seizures (P!=!0.015). Normal cognitive functioning 
and mild ID statistically correlates with the lack of MM and/
or R (P!<!0.001) and of RS (P!=!0.013). The severity of lan-
guage impairment correlates with the early onset of seizures 
(6.9746 (2) P!=!0.0305) and with the presence of MM"AM 
(P!<!0.001). The severity of neurologic disorders correlates 
with the presence of MM"AM (P!<!0.001). The severity of 
behavioral disorders correlates with the presence of MM"AM 
(P!=!0.0019) and RS (P!=!0.0311).

We also found a positive correlation between RS and the 
severity of the clinical picture in adulthood. The appear-
ance of RS statistically correlates with seizures persistence 
(P!=!0.041), severe cognitive outcome (P!=!0.013), and se-
vere behavioral disorder (P!=!0.0211).

To summarize the results of statistical analysis, seizure 
persistence and the severity of ID significantly correlate with 
the occurrence of MM"AM and of RS; moreover, the severity 
of ID correlates with early onset of seizures (<5!months).

We then analyzed separately the association between the 
long"term outcome and the two significant variables: MM"
AM and early onset (Table S1).

In the group of patients with early onset of seizures 
(<5!months) there was a higher incidence of MM"AM than 
in the group of “late onset” (P!=!0.003), as well as a higher 
incidence of severe language impairment (P! =! 0.030) and 
cognitive outcome (P! =! 0.0158). However, the association 
between MM"AM and the severity of global clinical outcome 
is confirmed also by the analysis of the “late onset” patients 
(>5!months). In this group too, the appearance of MM"AM 
is related to seizure persistence (P! =! 0.002) (>5! months 
P! =! 0.025), severe cognitive outcome (P! <! 0.001) 

F I G U R E  2  Group 2, adults: clinical picture at last evaluation 
(number of patients) [Color figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3  Group 2, adults: outcome according to: age at 
epilepsy onset and myoclonic or no"myoclonic phenotype (in %) 
[Color figure can be viewed at wileyonlinelibrary.com]
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(>5! months: P! =! 0.0339), poor language (P! <! 0.001) 
(>5! months: P! =! 0.0033), severe neurologic impairment 
(P!<!0.001) (>5!months P!=!0.0133), and severe behavioral 
disorders (P!=!0.019) (>5!months P!=!0.03524) (Figure 3).

3.5 | Comparison between adolescents  
and adults
The severity of epilepsy, behavioral disorders, and motor and 
intellectual disabilities was different in the two cohorts. The 
percentage of patients with frequent seizures was 26% among 
adolescents and 8% among adults; the behavioral disorders 
were present in 73% of adolescents and in 52% of adults. By 
contrast, severe ID and motor disorders were more frequently 
observed in adults than in adolescents.

The statistical analysis demonstrated that the severity of 
epilepsy, cognition, language, and neurologic impairment, as 
well as the impairment of adaptive functioning significantly 
correlated with the complete/myoclonic phenotype, both in 
adolescents and in adults.

4 |  DISCUSSION

The study on a large number of patients followed from 
the onset of epilepsy confirms that the global outcome of 
DS in adolescence and adulthood is poor in most cases. 
The seizures persist in 73.6% of adolescents and in 80% 
of adults. Nevertheless, as reported previously,7,8,10,11,30 
epilepsy severity progressively decreases from childhood 
to adolescence in more than half of patients, and further 
throughout adulthood. Nearly all adolescents and adults 
with persisting seizures experience GTCS, mostly noctur-
nal and in cluster. By contrast, only a minority of patients 
continue to experience atypical absences, myoclonic, and 
reflex seizures. Moreover, seizure frequency decreases 
significantly from adolescence to adulthood: seizures are 
more than weekly in 36% of adolescents but only in 7.5% 
of adults, and less than monthly in 20% of adolescents but 
in 60% of adults.

The percentage of seizure"free adolescents (26.4%) 
during the last year of follow"up was a little higher than 
that reported in other studies.30,31 This might suggest that 
the adolescents of this cohort have benefited from the early 
diagnosis and the appropriate treatments available in the 
last two decades. However, another possible explanation 
is that the spectrum of DS has been expanded and now 
includes, besides the “complete phenotype” (formerly 
termed Severe Myoclonic Epilepsy of Infancy, SMEI), the 
“incomplete or nonmyoclonic” phenotypes. As recently 
reported by Darra and coauthors,32 who compared three 
different groups of patients with DS (born between 1972 
and 1990, 1991 and 2000, and 2001 and 2010), the global 

outcome was more favorable in the younger group, just 
because of the higher incidence of “incomplete” forms 
of DS in this group. Actually, in our two series, seizure 
persistence correlates with the complete/myoclonic phe-
notype and with the occurrence of reflex seizures as ob-
served originally by Dalla Bernardina33 and confirmed in 
following studies.3,5,11,16,19,30,34,35

By contrast, we did not find strong correlations between 
the genetic findings and the evolution of the disease: actu-
ally the severity of epilepsy correlated with the presence of 
SCN1A deletion in adolescents and SCN1A truncating muta-
tion in adults, but no correlation was found between genetic 
findings and the severity of comorbidities.

It is acknowledged that, in addition to seizures, many 
other clinical problems—including cognitive impairment, 
behavioral disorders, and a number of comorbidities—char-
acterize the disease course. Recent studies have underscored 
that these comorbidities are the most disabling symptoms in 
long"term outcome.3,9,12,15,19,36#38 The analysis of our series 
confirms that ID and behavioral disorders with the ensuing 
impairment of adaptive functioning causes a remarkable bur-
den for the families.

In our two cohorts, in line with previous reports,5#9,11,13,19,21 
in the large majority of patients, language is impaired (84% 
of adults) and ID is moderate or severe (70.5% of adolescents 
and 80% of adults); normal cognitive functioning, as excep-
tionally reported39 was observed in 1 of 24 adolescents and 
3 of 50 adults. Also in keeping with previous reports is the 
relevance of motor disturbances that are present in 65% of ad-
olescents and in 88% of adults, with crouch gait in one"third 
of cases.4#6,8#11,18,20,22,23,40#42 The most severe cognitive and 
motor impairment was observed in patients with persisting 
seizures.6,7,10,11,18,19 Whether the severity of these comorbid-
ities is related to the severity of epilepsy or to an intrinsi-
cally severe phenotype is still unclear. Behavioral problems 
are present in 73% of adolescents and 52% of adults and in-
clude obsessive"compulsive disorders, rule breaking, aggres-
siveness, and autistic features. Unlike cognitive and motor 
deficits, behavioral disorders are not related to the severity 
of epilepsy.

A second aim of our study was to clarify which early char-
acteristics of the disease may predict the outcome of DS in 
adolescence and adulthood.

The severity of cognition, language, and neurologic im-
pairment, as well as the impairment of adaptive functioning, 
statistically correlate, both in adolescence and in adulthood, 
with the complete/myoclonic phenotype as reported pre-
viously.3,5,11,16,18,19,34 Moreover, among the variables con-
sidered in the analysis of the adult cohort, a statistically 
significant correlation was found between the early onset 
of seizures, the presence of RS, and the severity of cogni-
tive/language and neurologic impairment. The correlation 
between the complete/myoclonic phenotype and the worst 
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clinical outcome might be due to the higher incidence of 
myoclonic phenotype in the early onset group, but it is con-
firmed also in the late"onset patients. These data confirm that 
the epilepsy phenotype actually bears a prognostic value, re-
gardless of the age at onset.

5 |  CONCLUSIONS

Our study confirms that DS is a developmental and epilep-
tic encephalopathy characterized by drug"resistant epilepsy 
and multiple comorbidities including cognitive, neuro-
logic, and behavioral disorders. The global outcome of DS 
in adolescence and adulthood is poor in most cases, albeit 
epilepsy severity decreases from childhood to adolescence, 
and throughout adulthood, and behavioral disorders decrease 
from adolescence to adulthood. In both the cohorts, the worst 
outcome is significantly correlated with the “Complete/
Myoclonic” phenotype. Further predictors of poor long"term 
outcome, demonstrated in the cohort of adult patients, are the 
early appearance of myoclonus, reflex seizures (photo"pat-
tern and self"induced) and the early onset of seizures.

The improvement of epilepsy throughout ages is not as-
sociated with improvement in intellectual abilities and motor 
skills. This confirms that the unfavorable evolution cannot 
be considered a pure consequence of epilepsy and that other 
variables are likely to concur in influencing mental out-
come. Further multicentric studies on larger and prospective 
cohorts are needed to clarify the reciprocal role played by 
different cofactors (such as genotype, epileptic features, and 
treatments) in determining the epileptic, cognitive/behavioral 
long"term evolution of DS. Finally, the end points of the next 
therapeutic trials should include, beside the reduction of con-
vulsive seizures, the effect on myoclonic component and re-
flex seizures, as well as the effect on cognitive and behavioral 
disorders.
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