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A B S T R A C T   

Dravet syndrome, a developmental and epileptic encephalopathy, manifests with varying degrees of cognitive 
and communication impairment, postural and movement disorders (such as ataxia, coordination issues, and 
crouch gait) and behavioural challenges (including attention deficit/hyperactivity, oppositional/defiant behav
iour, and autistic traits). Rehabilitation is a valuable tool for most patients, typically prescribed to address the 
most pressing issues. However, current practices often fall short in proactively preventing and treating known 
challenges associated with the syndrome, as indicated by the latest literature, at different life stages. Further
more, there is a notable lack of evidence regarding treatment types and efficacy specific to people with Dravet 
Syndrome. 

Conducted in collaboration with one of the Italian Patient associations, this national survey provides a 
comprehensive view of the rehabilitation landscape in Dravet Syndrome, as perceived by caregivers. It outlines 
the types of treatments for 51 patients, based on age and relevant clinical features. The findings reveal a 
heterogenous rehabilitation approach, only partly tailored to the presence of specific comorbidities, and un
derline numerous unmet needs. Compared to the past there is indirect evidence that more patients are offered 
early rehabilitation. Nonetheless, while nowadays speech therapy and neuropsychomotor therapy are nearly 
universal for children up to the age of 10, some begin physiotherapy and psychotherapy thereafter, with a 
majority discontinuing treatments. Therefore, families of adolescent and adult patients often face a lack of 
comprehensive support, predominantly offered when epilepsy is more challenging to control affecting rehabil
itation adherence and effectiveness. Finally, a negligible minority is offered treatments such as neurovisual 
training, augmentative and alternative communication, and occupational therapy. Many of these considerations 
could apply to other developmental and epileptic encephalopathy with lifelong disability. This survey calls for 
more data collection on this important topic for more efficient allocation of rehabilitation resources.   

1. Introduction 

Dravet syndrome (DS), the most common genetic epilepsy syndrome, 
affects 1 in 16 000 live births[1]. Initially described by Charlotte Dravet 
in 1978 as “Severe myoclonic epilepsy in infancy”, DS is characterized 
by early onset drug-resistant epilepsy, followed by cognitive, motor, 
sleep, speech and behavioral disorders. 

Despite clinical heterogeneity, certain neurocognitive and 

behavioral issues prevail in the syndrome and were included in the 
characteristic features since the first clinical description[2]. Moreover, 
these issues represent the most relevant contributors to a negative 
impact on quality of life[3–5]. 

Visual attention and hand-eye cohordination deficits are the mos
tearly issues highlighted by neurodevelopmental tests[6,7], visuomotor 
and visuospatial competences continue to be a relative weakness in 
adolescence[8]. Language is also affected with a predominance of 
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phonological deficits and dysarthria in contrast to relatively spared 
comprehension skills[9,10]. 

A narrative review in 2016[11] proposed the hypothesis of an orig
inal neuropsychological phenotype in Dravet syndrome, consisting of a 
defect in sensorimotor integration, particularly of visuoconstructive 
abilities, which is already evident in the first years of life. 

Numerous studies have confirmed the presence of developmental 
delay with slowing of psychomotor milestones acquisition after the 
second year of life[12]. Intellectual disability of varying degrees is 
evident later in life in nearly all patients[13] and is included in the 
criteria of the latest ILAE revision of epilepsy syndromes during the 
disease course[14]. Moderate to severe impairment in intellectual and 
adaptive behavior predominates the adult life[15,16]. 

Moreover, parents state that their burden of care is greatly affected 
by behavioural disorders[17]. These can be of varying degrees and 
include attention deficit/hyperactivity disorder, oppositional/defiant 
disorder, obsessive–compulsive disorder and autistic spectrum disorder. 
A systematic review in 2020 found that the prevalence of behaviour 
disorders on standardized instruments ranged from 43 to 100 %[18]. 
Attention deficits are more reported in early childhood and among 
school-aged children but were never assessed longitudinally. In a mul
ticentric prospective longitudinal study[12] a high prevalence of 
behavioural disorders was found in pre-school children followed since 
seizure onset and evaluated through parental reports and direct obser
vations. In particular, attention disorders were noted in 29/32 (90,6%), 
hyperactive disorders in 20/32 (62,5%) and oppositional disorder in 10/ 
32 (31,3%). A lower prevalence was recently reported in the Italian 
registry on DS (RESIDRAS) and other phenotypes related to SCN1A 
mutations: oppositional traits in 7/55 (12,7%), attention deficit in 26/ 
55 (47.3 %) and autism spectrum symptoms in 8/55 (14.5 %)[19]. These 
differences can be attributed to different age at assessment and different 
instruments used. 

Motor developmental milestones are generally preserved in the first 
year with onset of motor symptoms typically noted afterwards but often 
standardized assessments are lacking. A 2019 systematic review de
scribes a diverse range of gait alterations observed in individuals with 
DS, the most frequent being crouch gait in half of 93 patients, with an 
age range from 2,5 to 47 years[20]. Crouch gait is a sagittal plane de
viation characterized by excessive ankle dorsiflexion, along with 
excessive hip and knee flexion during the stance phase. Crouch gait in 
DS compared to that seen in spastic diplegic cerebral palsy is charac
terized by smaller contractures at the hip and knee21. Parkinsonian and 
cerebellar features are also frequently reported[22] but their prevalence 
is difficult to estimate due to inconsistencies in definitions and assess
ments performed. The evolution of the motor disorder throughout 
development is not yet well understood, however, a progressive dete
rioration of gait from the second decade of life was described by some 
authors[21], with significant impact on mobility and self-autonomy. 

There are several studies in the literature focused on the pharma
cological approach to the treatment of seizures. Although some recently 
adopted drugs promise to improve cognitive, motor, and behavioral 
deficits[23] they were approved based on their efficacy on seizures and 
assessment of outcomes beyond seizure controls are still lacking. 

In this landscape, despite rehabilitation is still the main hope for 
improvement in cognitive, motor, and behavioral deficits, rehabilitation 
plans are little discussed and analyzed in the scientific community 
dealing with DS. In 2015, a prospective study[24] applied a targeted 
rehabilitation program to young adults with epilepsy and intellectual 
disability, documenting a moderate improvement in quality of life (QoL) 
and independence. Recent evidence suggest that physical exercise also 
contributes to improvements in psychosocial dimensions and comor
bidities in patients with epilepsy, increasing quality of life[25]. 

In DS, there is a notable absence of a comprehensive characterization 
of comorbidities across the lifespan, with specific gaps in recognizing 
and systematically preventing issues faced in adulthood. Moreover, data 
is lacking regarding the effectiveness of the rehabilitation approaches 

used at different ages to address the aforementioned comorbidities. 

2. Objective 

The aim of this national survey is to describe the prevalence of 
comorbidities in DS them throughout the lifespan as perceived by fam
ilies. Moreover, we want to assess Rehabilitation Approaches and Plans 
for Individuals with Dravet Syndrome (RAPIDS) in Italy. The ultimate 
goal is to define standards of care for prevention and treatment of 
comorbidities to promote autonomies and quality of life of individuals 
with DS. 

3. Materials and methods 

The survey received support from “Gruppo Famiglie Dravet APS”, an 
association of patient’s families which distributed the survey link 
(https://it.surveymonkey.com) to all 174 contacts within the network of 
families. The survey follows a mixed cross-sectional and retrospective 
longitudinal design. 

To comply with the General Regulations on data protection (GDPR) 
regarding sensitive personal data processing, respondent anonymity was 
rigorously maintained. Data collection took place from the 1st of August 
to the 30th of October 2019. A total of 88 respondents participated, with 
51 providing answers related to rehabilitation. Thirty-seven question
naires were excluded due to excessive missing data, partial, or incon
gruent answers. Individual anonymized data were exported into an 
“Excel” worksheet, and descriptive statistical measures were computed. 

The anonymous questionnaire (Appendix 1) included the following 
items:  

- Demographic background (sex, age, geographic origin, family 
members)  

- Genetic mutation (deletion, missense mutation, no mutation, 
splicing, truncating mutation of SCN1A gene)  

- Type of seizures at the time of the survey (focal, generalized tonic- 
clonic, atonic, absence)  

- Pharmacological treatment at the time of the survey  
- Clinical features other than seizures at the time of the survey  
• Neuromotor disorders (gait disturbances, balance/ataxia disorders)  
• Speech disorders (verbal/nonverbal patients; expressive and 

comprehension difficulties)  
• Neurovisual disorders  
• Intellectual disability (mild/severe/moderate)  
• Behavioral disorders (repetitive behaviors, oppositional defiance, 

autistic traits, aggressivity, attention-deficit/hyperactivity disorder)  
- Attendance at sports and other group activities at the time of the 

survey  
- Type of rehabilitation performed at the time of the survey (2019) and 

retrospectively at different age periods (0–5 years; 6–10 years; 
11–14 years; 15–19 years; over 20 years). Options included:  

• Neuropsychomotor therapy: an integrated therapy working on 
motor, cognitive and behavioral skills, widely available in Italy.  

• Speech therapy  
• Augmentative and Alternative Communication (AAC)  
• Physiotherapy  
• Applied Behavior Analysis (ABA)  
• Cognitive-behavioral psychotherapy  
• Feurstein method  
• Hydrokinesiotherapy  
• Neurovisual training  
• Occupational therapy 

Descriptive statistics were employed to summarize the key features 
of the dataset, providing an overview of the central tendencies, vari
ability, and distribution of the collected data. 
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4. Results 

4.1. Population description 

4.1.1. Demographic data 
The analysis included 51 questionnaires from patients exhibiting a 

balanced gender ratio (27/51 females, 52,9%) and encompassing a 
broad age range, with a median age of 13 years (IQR 10–18 years, min 2 
years, max 42 years) (Fig. 1). 

The geographical distribution of patients is depicted in Fig. 1. The 
majority, 56,8% (29/51), is located in northern Italy, with the remaining 
31,4% (16/51) in central and 11,8% (6/51) in southern Italy. Regions 
with more responders are Emilia Romagna (n = 11), followed by Lom
bardia (n = 8), Lazio (n = 7) and Tuscana (n = 5). No data was available 
from Sardegna, Calabria, Basilicata, Molise, Valle d’Aosta and, Trentino- 
Alto Adige. 

4.1.2. Epilepsy 
The most common seizure type at the time of the survey was 

generalized tonic-clonic (GTC) in 61 % of cases, followed by focal (51 
%), myoclonus (43 %), absences (25 %) and atonic seizures (4 %). 
Almost all patients are on polytherapy (94 %) while 3 patients (6 %) 
were taking only one antiseizure medication. 

4.1.3. Non-seizure clinical features 

4.1.3.1. Neuromotor disorders. Gait impairment, including issues like 
lack of balance or decreased speed was reported by families in 36 out of 
51 patients (70,6%). Patients experiencing gait impairment had a me
dian age of 13 years. Furthermore, dysarthria was observed in 51 % of 
patients (26/51), at a median age of 13 years, and dysphagia in 27 % of 
the sample (14/51), at a median age of 15 years. 

4.1.3.2. Behavioural disorders. Behavioural disorders were reported by 
families with the following prevalence:  

- Attention deficit hyperactivity disorder in 86,3% (44/51)  
- Repetitive behavior in 74,5% (38/51)  
- Oppositional defiant in 76,5% (39/51)  

- Autistic traits in 45,1% (23/51)  
- Aggressiveness in 27,5% (14/51) 

Looking at the prevalence according to age groups (Fig. 2), most 
behavioural issues have an early onset and are still prevalent in 
adolescence and adult age. 

4.1.3.3. Language, neurovisual and neuropsychological disorders. In terms 
of language skills, 86,3% (44/51) were verbal and 13,7% (7/51) non- 
verbal. 

A language impairment was perceived by 88,2% (46/51) of the 
caregivers. 

Some degree of cognitive impairment was reported by all families. In 
the majority of responses it was classified as moderate (54.9 %, 28/51 
patients), followed by severe (29,4%, 15/51 patients) and mild in only 
15,7% (8/51 patients). Patients with mild cognitive impairment had a 
median age of 13 year, in line with the age distribution of this cohort. 

The neurovisual function was evaluated in 29 patients and 12 of 
them were found to have additional neurovisual deficit to that expected 
from their intellectual functioning. 

4.2. Interventions 

4.2.1. Attendance at sports activities and aggregate groups 
In the sample under study, 29.4 % (15/51) participate in sports, in 

particular more participation is described by patients between 11 and 
14 years old (40 % of the cohort, 6/15). In the over 20 s, 30 % of patients 
participate in sports (3/10), with a predilection for soccer, athletics and 
gym. Only 4 out of 51 patients (8 %) attend other group activities. 

4.2.2. Rehabilitation 
Cross-sectional analysis of the data, in the age-related view, revealed 

that all children under the age of 10 years practiced some rehabilitation 
therapy while the proportion decreased gradually over time reaching 40 
% (4/10) in the over 20 s (Fig. 3). 

At the time of the Survey, 14/14 patients under 10 years old (100 %) 
practice neuropsychomotor therapy and 13/14 (93 %) of them practice 
speech therapy. 

In patients between 11 and 14 years of age, the most frequent 

Fig. 1. The median age of the patients is 13 years, with an interquartile range (IQR) of 10–18 years. In terms of geographical distribution, 56.8 % of the patients are 
located in northern Italy, 31.4 % in central Italy, and 11.8 % in southern Italy. 
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rehabilitation therapy is speech therapy, practiced by 7/15 (47 % of 
patients), followed by psychotherapy practiced by 6/15 patients (40 %). 
In this age group, 13 % of the cohort (2/15) practice physiotherapy and 
13 % occupational therapy (2/15). 

In patients aged between 15 and 19 at the time of data collection, 6/ 

12 patients (50 %) practiced physiotherapy, 5/12 patients (42 %) 
occupational therapy and 6/12 patients (50 %) psychotherapy. 

Adult patients practiced mostly physiotherapy (4/10), coupled with 
hydrokinesiotherapy in 2/10 and speech therapy in 1/10. Most patients 
(6/10, 60 %) stopped all rehabilitation. 

Looking at retrospective data (Fig. 4), 90,2% (46/51 patients) 
received neuropsychomotor therapy and 70,6% (36/51) underwent 
speech therapy during their life. AAC was utilized in 31,4% (16/51) of 
patients. 

Physiotherapy was carried out in 41,2% (21/51) of cases, particu
larly in the second decade of life (6/21). Hydrokinesitherapy was 
employed in 25,5% (13/51) of cases. 

The cognitive-behavioural therapy was performed in 27,5% (14/51) 
of patients, occupational therapy in 17,6% (9/51), neurovisual training 
in 7,8% (4/51), ABA and the Feurstein method in 3,9 % (2/51). 

If we look at the proportion of patients who were offered rehabili
tation at different times of their life (Fig. 5) we can see that patients 
under 10 years are increasedly offered therapy. In fact, while all patients 
in this age group were offered some therapy after 2014, in 2000–2004 
more than one third of patients was not performing any therapy. The 
same increase is not seen in the adolescents which are out of rehabili
tation in a similar proportion over time. The type of rehabilitative 
treatment carried out by the sample under study as they grow up is 
illustrated in Fig. 4. 

Fig. 2. The frequency of behavioral disorders described by families shows a high prevalence of Attention deficit hyperactivity disorder, followed by repetitive and 
oppositional behaviors. These behavioral issues tend to appear early and persist into adolescence and adulthood. 

Fig. 3. Cross-sectional data showing that most children under 10 years old 
undergo rehabilitation therapy, with the percentage decreasing as they 
grow older. 
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5. Discussion 

To the best of our knowledge, this study represents the first attempt 
to evaluate the types of rehabilitation therapies provided to both chil
dren and adults with Dravet Syndrome (DS), emphasizing age-related 
variations in clinical features and corresponding treatment. In this na
tional survey, we gathered data from families of patients associated with 
“Gruppo Famiglie Dravet Associazione ONLUS” residing in Italy. 

The collected data pertain to the immediate pre-pandemic period of 
COVID-19 and therefore may reflect an approach that gradually came 
back to practice but be partly changed after the forced lockdown. Survey 
participation was more pronounced among families residing in the 
North, while lower participation was observed among those residing in 

the South. This discrepancy may be attributed to reduced engagement 
with patient family associations of the latter. The respondents exhibit 
significant heterogeneity in age, with a notable proportion representing 
adult patients. This is particularly significant due to the distinct clinical 
features present in adults, as well as their reference to different reha
bilitation services. 

The prevalence of various clinical features generally aligns with the 
literature. Gait problems, dysarthria and dysphagia were reported in 
similar proportion to that presented in other surveys[26]. In our survey 
dysphagia was the only issue seen more frequently in older patients. 
Issues with feeding are highly prevalent in DS and seen in almost all 
patients, as recently described in one of the largest surveys of comor
bidities in children with DS related to 202 patients [26] A recent case- 

Fig. 4. The rehabilitative therapy types performed by the sample under study are categorized by age group and reported here.  

Fig. 5. Evaluating retrospective data from 2000 to 2019, it is evident that the percentage of patients under the age of 10 who were offered therapy increased over 
time. This trend is not observed among adolescents, as a similar percentage of them remain out of rehabilitation over time. 
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report describes the history of a young adult with new onset dysphagia 
who needed percutaneous endoscopic gastrostomy (PEG) insertion at 
the age of 21 after a progressive weight loss, accompanied by issues of 
dehydratation and drug compliance[27]. The same paper cites unpub
lished data of PEG insertions in 20 % of 50 adults with DS followed at 
that center. Nonetheless this issue has received little attention in terms 
of structured evaluations and rehabilitation therapy. At the time of our 
survey only 4 out of 30 patients aged 15 or above were doing speech 
therapy, which can effectively assess and may improve the ability to 
chew and swallow[28]. 

Given the high prevalence of cognitive and language impairment 
together with autistic features a more widespread use of AAC would be 
expected. In fact, AAC has been shown to be effective in improving 
communication, daily living skills, and socialization in individuals with 
severe intellectual disabilities[29] and is part of the standard of care 
provided to children with autism spectrum disorder[30]. Nonetheless 
this was recently shown to be an underutilized approach in common 
practice[31]. 

In terms of behavioral issues, our survey is in line with the literature 
citing attention as the most common problem in more than 4 subject out 
of 5. Here, compared to other reports[32], families cited more 
frequently issues with repetitive and oppositional behavior, both 
affecting about three quarters of our sample. This may be due to the fact 
that the median age of our population was 13 years, significantly older 
than the mean age often reported in large literature cohorts. In fact, 
these issues were recently shown to be more relevant in adolescents and 
young adults[13]. Despite high rates of autistic traits and problematic 
behaviors, only a small minority of patients were offered cognitive- 
behavioral therapy, with a peak of 19 % in adolescence when most of 
this issues peak in incidence. Application of early behavioral in
terventions allows a significant reduction in problem behaviors [33,34] 
and an increase in communication and other appropriate behaviors in 
both patients with autism spectrum disorders and with intellectual and 
developmental disabilities [35,36]. According to our analysis, the per
centage of patients implementing specific strategies such as ABA. is still 
very low. 

In almost half of the patients undergoing specific neurovisual 
assessment an impairment beyond that expected from cognitive function 
was found, but more than one third of the cohort did not perform any 
assessments. Vision in DS was found to be impaired particularly 
regarding motion perception (dorsal stream vulnerability) in five pa
tients[37] but this exploratory result was never replicated in larger co
horts nor controlled for cognitive skills. There is limited evidence that 
early interventions can improve visual functions in patients with Down 
Syndrome[38] Based on our clinical experience with DS, we observe 
that the impact of visual impairment in DS is currently underestimated 
and is rarely integrated in rehabilitation strategies. Furthermore, it is 
rarely taken into account when providing parent training for environ
mental enrichment. 

Looking at longitudinal retrospective data we show that patients who 
are now adult were offered therapy less often compared to those that are 
children nowadays. The same trend is not seen for treatment in 
adolescence although this refers to more recent times. This is in line with 
our experience with patients being diagnosed earlier with consequent 
earlier access to treatment but with a relative reduction of services for 
adolescents and young adults. 

Adolescence represents a pivotal period for achieving self- 
sufficiency, therefore, enhancing care for individuals in this age group 
would not only improve the quality of life for patients and their families, 
but also alleviate the burden of care on both society and caregivers, 
along with associated indirect costs. Strategies for increasing autonomy 
can be identified according to each patient’s needs through occupational 
therapy, attended by a minority of patients in this age group. Numerous 
studies support the use of occupational therapy for adult patients with 
intellectual disabilities, employing traditional approaches as well as 
technology training and caregiver support, to enhance their 

occupational performance[39]. 
Despite the many types of rehabilitative interventions available, it is 

not possible to favor one over another due to the absence of comparative 
studies. However, as already demonstrated for other rare genetic syn
dromes [40], each therapy evaluated individually shows some level of 
effectiveness, so a comprehensive approach to rehabilitation in
terventions could improve function and quality of life. To this end, 
personal factors that characterize everyone play a fundamental role in 
assessing the patient’s function when planning rehabilitation. Con
ducting a preliminary assessment of these factors in the rehabilitation 
process allows therapy to be targeted to the patient’s specific needs and 
improves individual compliance by enhancing motivation [41]. 

Finally, only about one third of the group practiced sports or had the 
chance to be involved in group activities with peers. Regular physical 
activity can improve the outcome of patients with neurological disorders 
such as epilepsy: reducing proinflammatory markers and critical mani
festations, promoting socialization, reducing anxiety states and 
improving mood[42]. Engaging in such activities might be hindered by 
motor difficulties, oppositional behaviors and concerns about potential 
seizure triggers or acute seizure management. Given the potential ben
efits associated with these activities[43] it is essential for those planning 
rehabilitation of DS to reduce these barriers and promote integration in 
social and recreation activities that might be the first step toward work 
inclusion and increased self-sufficiency. 

Our study has limitations, some of whom are valid for all surveys: 
questions can be misunderstood by responders who cannot be supported 
by clinicians and answers are based on the caregivers perception and 
memory. The advantage is low risk of conditioning and the possibility to 
reach a wider public, representative of the national panorama. 

With regards to this specific survey, a relative limitation is the 
sample size, which was sufficient to draw a qualitative picture but 
insufficient for solid statistical analysis. There is a relative lack of re
sponses from southern Italy and islands which may imply the results are 
not generalizable to that geographical area. Moreover, only a part of 
those reached by the questionnaire completed it, maybe in part due to its 
length. The incompleteness of the provided answers hinders the 
assessment of caregivers’ perception regarding the effectiveness of 
rehabilitation therapy and other data part of the original questionnaire. 
Finally, our considerations on the evolution on treatment offered over 
time is limited by the retrospective nature of the survey and the het
erogeneity of patients ages and will have to be confirmed by larger and 
ideally prospective studies. 

6. Conclusions 

In conclusion, this survey marks the first attempt to evaluate reha
bilitation therapies for individuals with Dravet Syndrome (DS) in Italy. It 
reveals a relative undertreatment, particularly after puberty, of behav
ioral issues, autism, dysphagia, visual and gait problems compared to 
their actual incidence. A negligible minority is offered treatments such 
as neurovisual training, AAC, and occupational therapy. Participation in 
sports and activities with peers is relatively low. Therefore, the devel
opment of guidelines for Rehabilitation Approaches and Plans for In
dividuals with Dravet Syndrome (RAPIDS), informed by current 
evidence on the natural history and comorbidities of DS, is essential to 
increase autonomies and quality of life to reduce the burden of care for 
families and caregivers. 

Larger studies with improved geographical representation, involving 
subjects of different ages and degrees of cognitive impairment, are 
warranted to validate these initial findings and shape informed health 
policies. International studies will allow for the comparison of the per
formance of our national healthcare system in comparison to that of 
other countries. 
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