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Abstract
Dravet syndrome (DS) is a severe, rare, and complex developmental and epi-
leptic encephalopathy affecting 1 in 16  000 live births and characterized by a 
drug-resistant epilepsy, cognitive, psychomotor, and language impairment, and 
behavioral disorders. Evidence suggests that optimal treatment of seizures in DS 
may improve outcomes, even though neurodevelopmental impairments are the 
likely result of both the underlying genetic variant and the epilepsy. We present 
an updated guideline for DS diagnosis and treatment, taking into consideration 
care of the adult patient and nonpharmaceutical therapeutic options for this dis-
ease. This up-to-date guideline, which is based on an extensive review of the 
literature and culminates with a new treatment algorithm for DS, is a European 
consensus developed through a survey involving 29 European clinical experts 
in DS. This guideline will serve professionals in their clinical practice and, as a 
consequence, will benefit DS patients and their families.
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1  |   INTRODUCTION

Dravet syndrome (DS) is a rare and severe infantile-onset 
developmental and epileptic encephalopathy (DEE) 
caused in more than 80% of patients by a pathogenic vari-
ant in SCN1A, a gene encoding the sodium voltage-gated 
channel alpha subunit 1 or NaV1.1.1,2 The first symptom 
of DS is a convulsive seizure appearing in the first year 
of life in a previously healthy child, usually accompa-
nied by a normal interictal electroencephalogram (EEG). 
Typically, this first seizure is generalized tonic-clonic or 
focal clonic (sometimes hemiclonic) and in just over half 
of cases is febrile and therefore not easily distinguished 
from a self-limited febrile seizure, apart from an earlier 
age of onset in DS (Figure 1). Factors triggering seizures in 
DS are infection, environmental heat including hot baths, 
immunization, sunlight, pattern stimulation, exercise, or 
excitement.

Further febrile and afebrile seizures are often pro-
longed, sometimes evolving into status epilepticus (SE). 
During the latter part of the first year and second year 
of life, other seizure types (myoclonic, absence, focal, 
and tonic seizures and obtundation status) appear, with 
an interictal EEG that may remain normal or demon-
strate an abnormal EEG background activity in 50% of 
cases. In the second year, neurodevelopmental impair-
ment becomes evident. Patients develop an unsteady gait 
and more general motor impairment, language delay is 
evident, and behavioral disturbances such as attention-
deficit/hyperactivity, autistic traits, and social difficulties 
emerge. Other secondary conditions, such as sleep dis-
turbances, growth and eating difficulties, and frequent 
respiratory tract infections, are shared by almost all 
DS patients. DS has a mortality rate of 15-20%, half of 
the cases due to a sudden unexpected death in epilepsy 
(SUDEP).3–7 (Figure 1)

The epilepsy in this syndrome is typically drug-
resistant, and only a limited number of medications have 
been subjected to randomized controlled trials (RCTs). 
Sodium channel blockers such as lamotrigine, phenyt-
oin, carbamazepine, oxcarbazepine, lacosamide, and ru-
finamide are usually contraindicated as they can increase 
seizure frequency.8 While DS presents in childhood, 
symptoms evolve over time into adulthood. DS research, 
however, mainly focuses on children. Overall, seizure fre-
quency is high in the first decade of the patient’s life; my-
oclonic, atypical absence, and focal seizures with impaired 
awareness and SE tend to decrease or even disappear in 
adulthood, when patients continue to present with be-
havioral problems, associated with a lower health-related 
quality of life.9 It has been claimed that early recognition 
and treatment for the mitigation of prolonged and re-
peated seizures in the first year of life of infants carrying 

a SCN1A mutation may limit the progression to epileptic 
encephalopathy.10

With the goal of proposing an updated guidelines for 
DS diagnosis and treatment, which for the first time takes 
into consideration the adult patient and the therapeutic 
options for DS comorbidities, we have here performed an 
exhaustive revision of the literature, comparing it with our 
own clinical practice. Based on that critical review, and 
upon consultation of 29 European experts via a survey, we 
present a comprehensive guideline and a new treatment 
algorithm, which can be used for the optimized manage-
ment of DS in Europe.

2  |   CRITICAL LITERATURE 
REVIEW

2.1  |  Genetic diagnosis

Currently, the diagnosis of DS is based on the electroclini-
cal phenotype of the course of the disease. More than 80 
percent of DS patients carry a de novo pathogenic variant of 
the SCN1A gene. Variants in other genes such as GABRG2, 
GABRA1, or STXBP1 have been linked to DS;11–13 how-
ever, they are now considered to give rise not to atypical 
DS but to separately defined conditions.11 It is important 
to distinguish these different entities, as they may require 
alternative treatment and patient care strategies.

Genotype-phenotype relationships are complex and 
are influenced by nature of the variant and for both mis-
sense and truncating variants which part of the gene and 

Key Points

•	 SCN1A genetic analysis should be requested 
when a diagnosis of DS is suspected.

•	 All children with a diagnosis of DS should have 
a personalized emergency protocol.

•	 VPA is the drug of choice as first-line treatment 
in DS; second-line treatment should be a com-
bination of VPA, STP, and CLB, with CBD and 
FFA as alternative second-line drugs.

•	 Sodium channel blockers should be avoided 
in children, but their use in adults needs fur-
ther exploration. RCTs of new DS medications 
should include adult patients.

•	 DS individuals should be managed by a mul-
tidisciplinary professional team and supported 
by a dedicated group of patient advocates.
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protein are affected. Broadly speaking, truncating variants 
are more likely to predict a severe phenotype; however, 
missense variants affecting functionally important parts of 
the gene can have as severe a phenotype.14 Approximately 
90 percent of mutations arise de novo, but it is important 
to notice that about 10% of the patients thought to have 
a de novo mutation have one parent with mosaicism for 
their variant.15 When the pathogenic variant in SCN1A 
is inherited, family members harboring the same muta-
tion are usually asymptomatic or mildly affected. A fam-
ily history of febrile seizures or other epilepsies may be 
seen in 30–50% of the cases, and may suggest the familial 
syndrome of genetic epilepsy with febrile seizures plus 
(GEFS+), another syndrome associated with variants in 
SCN1A.16

As it remains an electroclinical syndrome, genetic 
analysis is not mandatory for diagnosis, but is an addi-
tional factor to take into consideration in the diagnosis of 
DS.17 In clinical practice, if DS is suspected, the SCN1A 
gene should be sequenced. In addition, multiplex ligation-
dependent probe amplification (MLPA), which detects 
intragenic deletions or duplications, should also be per-
formed.18 Next-generation sequencing (NGS) technol-
ogies, including gene panels, whole-exome sequencing 
(WES), and whole-genome sequencing (WGS), are now 
part of the diagnostic workup of rare diseases, including 
early-childhood epilepsies. NGS techniques may have 
higher diagnostic yields than single-gene Sanger sequenc-
ing for the detection of SCN1A variants.13

Performing a gene-panel analysis to support a DS di-
agnosis is recommended in the early stage of the disease. 
Some investigators suggest requesting an epilepsy gene 

panel including the SCN1A gene in all infants experienc-
ing a prolonged seizure before the age of 1 year, particu-
larly if a patient is younger than 6 months and both brain 
magnetic resonance imaging (MRI) and EEG recordings 
are normal.19–21 In addition, genetic analysis should be 
done in all patients, including adults, with a typical his-
tory of DS, although obtaining early history in adults may 
be challenging. The threshold for genetic analysis should, 
in our judgment, therefore be low. Importantly, the iden-
tification of pathogenic variants of the SCN1A gene may 
also be of interest both for patients and for clinicians, 
when gene therapy for DS becomes potentially available 
in the near future.

2.2  |  Seizure action plan and 
emergency protocols

A key component to the Dravet phenotype is the ten-
dency to prolonged convulsive seizures.3 These can result 
in regular admission to hospital, and often treatment in 
an intensive care unit (ICU), first and second line of res-
cue medication, should not result in the cessation of the 
seizure. The sooner a seizure is treated, the more likely 
it is to stop; it is also clear that adherence to a protocol 
results in a greater likelihood of response to treatment.22 
Benzodiazepines (BZD) are universally utilized as first-
line treatment where available. Studies have shown that 
age-appropriate doses (0.3–0.5 mg/kg) of BZD prehospital 
(eg, rectal diazepam, and buccal or intranasal midazolam) 
lead to shortening of duration of SE, a greater likelihood of 
cessation of seizure prior to arrival at hospital and reduced 

F I G U R E  1   Clinical manifestations of DS and their relative incidence according to age. Schematic representation of clinical 
manifestations of DS and their relative incidence according to age, adapted from Gataullina & Dulac, 2017129 with updated information 
gathered in this review. AA, atypical absences; AE, acute encephalopathy; BD, behavioural disturbances; CG, crouching gait; DD, 
developmental delay; ID, intellectual disability; FOSIA: Focal onset seizure with impaired awareness; FSz, complex febrile seizures; HS, 
hyperthermia sensitivity; MGOS, Motor generalized onset seizures; MSz, myoclonic seizures; OS, obtundation status; SD, sleep disturbances; 
SE, convulsive status epilepticus; SUDEP, sudden unexpected death in epilepsy. 
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likelihood of ICU admission.23–25 Several preparations 
are now available that can be utilized in the community. 
This said no more than two age-appropriate doses of BZD 
should be administered in total in view of the risk of sub-
sequent respiratory depression.24 It is advised to adminis-
ter one adequate dose of BZD prehospital, with the second 
one given under medical supervision.26

If a child with DS is still seizing on attendance at hospi-
tal, there should be clear advice as to what should be utilized 
as second-line therapy. The concern is often raised about 
the use of phenytoin, but whether acute use for termina-
tion of a prolonged seizure should be regarded in the same 
way as possible aggravation with regular use is unknown. 
Phenytoin may have been used as second line in a first epi-
sode of SE with previous standard protocols, and therefore, 
knowledge may have been provided as to whether it was 
effective. Increasingly, levetiracetam or valproate (VPA) is 
being used as second line in light of evidence from clinical 
trials and safety profiles.27–30 Concern has been expressed 
with regard to the use of phenobarbitone with reports 
of a possible link in isolated cases to the development of 
hypoxic-ischemic lesions on MRI, despite no evidence of 
hemodynamic compromise with subsequent severe cog-
nitive and motor deterioration.31 However, fatal cerebral 
edema causing mass effect after fever-associated SE has 
since been reported in 5 children with DS, 3 of whom did 
not receive phenobarbitone in their management.32

In the case of a child with DS, it is important for there to 
be a clear advice for avoidance of triggers to a convulsive sei-
zure where possible, for example, avoiding hyperthermia, 
stress, excitement and emotional upset, intense exercise, 
direct sunlight or pattern stimulation, and administering 
regular antipyretics at times of illness. We also recommend 
a personalized protocol to be available with what to use 
and at what time point in the event of a convulsive seizure, 
how many doses of first-line medication can be given, and 
when and at what point a request for medical assistance or 
attendance at hospital should be made. In some children, 
immediate treatment is warranted rather than waiting for 
5 minutes. Further, how many doses of BZD should be 
given prior to second-line treatment is highlighted above. 
Second-line treatment with dose and timing should there-
after be listed, and the time waited before rapid induction 
of anesthesia should be undertaken. An example of a pro-
tocol with timings is given in Figure 2.

2.3  |  Initial treatment of seizures in 
infancy and childhood

DS is a difficult-to-treat epilepsy syndrome and a drug-
resistant epilepsy. Evidence-based treatment remains chal-
lenging as only few RCTs are available: At this moment, 

RCTs are published only for stiripentol (STP), cannabidiol 
(CBD), and fenfluramine (FFA).33–36 Guidelines for treat-
ment were published by a North American consensus 
panel and more recently by a European expert group.37,38

In both published guidelines, VPA is drug of choice 
as a first-line drug. Clobazam (CLB) monotherapy is an 
alternative option in the American guidelines, but very 
few European centers would follow this option. A com-
mon misunderstanding is that antiseizure medication 
(ASM) for focal seizures could be chosen, as the first sei-
zures are frequently hemiclonic (focal). But the choice of 
sodium channel blockers is contraindicated as prolonged 
use of contraindicated drugs can increase the number of 
seizures, and is associated with a worse cognitive out-
come.39 The first-line treatment with VPA can decrease 
the number of seizures and the severity (duration) of the 
subsequent seizures, but rarely, the child will become 
seizure-free. Following the guidelines, second-line choices 
include STP in combination with VPA and CLB, topira-
mate (TPM), and ketogenic diet (KD). The more recent 
European guidelines now also include CBD (in combina-
tion with CLB in Europe) and FFA as possible second-line 
treatment.

In 2000, Chiron and colleagues published the first 
RCT in DS: STP (in association with VPA and CLB) was 
compared to placebo in a small but adequately powered 
RCT.33 There was a highly significant decrease in seizure 
frequency in the treated group. Interactions between STP 
and CLB are possible, because of the inhibiting effect of 
STP on CLB metabolism.40 This can lead to more side ef-
fects and especially drowsiness, requiring adjustments of 
the CLB dosage. Treatment with STP frequently reduces 
the number of long-lasting seizures/SE.41 Several studies 
reported beneficial effects of TPM, KD, and bromide in 
DS although no RCTs are available42–47 and bromides are 
of limited availability as they are not registered as ASMs 
in certain countries. In the study of Brunklaus et al.48 the 
top five drugs that did yield a reduced seizure frequency 
in DS were VPA (51% of patients), CLB/clonazepam 
(34%), TPM (28%), levetiracetam (13%), and STP (13%). 
In that study, it was also reported that carbamazepine and 
lamotrigine increased seizure frequency in 60 and 43%, 
respectively.48

In recent years, 2 new antiseizure medications have 
become available for the treatment of DS: CBD and 
FFA.34–36 In an open-label study with add-on CBD in chil-
dren with drug-resistant epilepsy, 32 children with DS 
were included.49 In this subgroup, a significant reduction 
in all seizure types was observed, ranging from 47% for 
clonic seizures to 83% for nonmotor focal seizures. The 
placebo-controlled RCT confirmed a statistically sig-
nificant decrease in seizures with add-on CBD in DS.34 
The median percentage reduction was 41%, compared 
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with a 16% decrease in the placebo group. A long-term 
open-label study confirmed a sustained effect in most pa-
tients.50 More common side effects are (reversible) liver 
toxicity and again the interaction with CLB, necessitating 
a reduction of the CLB dosage in many patients to avoid 
excessive drowsiness.51

FFA is an old serotonergic drug, which was frequently 
prescribed as an antiobesity drug but withdrawn from 
the market in 1997 because of possible cardiac valvu-
lopathy when used in high dosages and in combination 
with phentermine.52 Older reports showed a positive 
effect in photosensitive epilepsy, one of the characteris-
tics in early DS.53 A retrospective study showed an unex-
pected high rate of long-term seizure freedom in some 

DS patients.54 Two RCTs confirm that FFA substantially 
reduces seizure frequency in DS.35,36 In a first RCT,35 70% 
of the included patients were 50% responders at the dose 
of 0.7  mg/kg/day, compared with 7.5% in the placebo 
group. In a second RCT,36 with STP as one of the con-
comitant medications, similar findings were obtained. 
At 0.5 mg/kg/day, 53.5% were responders, versus 6.8 % 
in the placebo group. In none of the FFA studies, valvu-
lar or other cardiac problems were observed. It is antici-
pated that both CBD and FFA, now collecting long-term 
efficacy data, will very soon become second-line treat-
ments in the treatment flowchart of DS. However, fur-
ther experience in clinical practice is needed to formally 
lift these ASMs up in the flowchart at the present time.

F I G U R E  2   Example of an emergency 
protocol for DS patients. An emergency 
medical protocol specific for DS patients, 
like the example here proposed, should 
be filled, signed, and stamped by the 
neurologist—adapted to each patient—
and always accompany the patient to 
be given to the emergency staff in the 
event of a long-lasting severe seizure. 
To ease medicament recognition by the 
emergency staff, including commercial 
names of the ASMs mentioned in the 
protocol is recommended



16  |      CARDENAL-­MUÑOZ et al.

2.4  |  Approaching seizures in adults

There are no specific guidelines regarding treatment in 
adult patients with DS. According to the results of a sur-
vey of caregivers of patients with DS on experiences of 
management and health services, the use of VPA, CLB, 
and TPM persisted through childhood, adolescence, and 
adult lives, whereas that of STP decreased with age (31% 
in adults).6 It has been reported that a small proportion of 
adult patients are treated with sodium channel blockers 
(many of them were exposed to this group of ASM in the 
past). In fact, it has been reported that some DS patients 
may be responsive to sodium channel blockers, particu-
larly LTG, with aggravation of seizures observed upon 
medication weaning.55

Most ASMs used in DS have been prescribed in adult 
patients (ie, VPA, TPM, CLB…). However, the experience 
with the newest ASM is still limited in this age group. In 
the RCT with CBD, patients were predominantly included 
from the pediatric population, with only 5 adult patients 
who were 18 years old (1.6%).34 Therefore, limited efficacy 
and safety data have been obtained in the adult DS pop-
ulation, with most of the current information available 
reported in observational studies.56,57 Similarly, the FFA 
RCT excluded patients older than 18  years35 and only 6 
adults were included in an Early Access Program reported 
from four Italian pediatric epilepsy centers.58 Regarding 
STP, long-term data of patients aged older than 18 years 
have not been collected in a sufficient number to confirm 
maintenance of drug effect in this population.59 A recent 
publication reported hyperammonemia in 77% of a cohort 
of 28 adult STP-naive patients who were on VPA and CLB, 
despite dose reduction of the latter drugs, claiming that 
treatment with carnitine could improve this condition.60 
Moreover, it must be considered that pharmacokinetics 
of ASM may be age-dependent, with this particularly rel-
evant for STP. In a retrospective serum concentrations 
study, STP concentrations were decreased by 39.6% in 
children aged 6–12 years and by 57.5% in children younger 
than 6 years compared with patients older than 12 years.61

The main differences in the treatment regarding age 
could be related to clinical variation in phenotypes. A 
long-term follow-up study of 31 DS patients in Japan re-
ported that convulsive SE had never occurred in any of 
the patients after age 1062 (Figure 1). In this series, of the 
26 patients with persisting seizures, 19 (73%) were having 
mostly nocturnal seizures, whereas the remaining seven 
(27%) were having mostly diurnal seizures. Another cohort 
of 50 adult patients with DS reported similar outcomes, 
where seizures persisted in 80% of adults, but epilepsy 
severity progressively decreased with age.63 A final series 
that included 14 adult patients reported generalized tonic-
clonic seizures (often nocturnal) as the dominant seizure 

type in all patients, being less frequent than in childhood. 
Other seizure types were also less frequent or even remit-
ted in this group of age;64 these findings could explain why 
older patients are less prone to emergency admissions, 
and this could explain a less use of rescue medications and 
a need of lower number of concomitant ASM.

Finally, with respect to precipitant factors 10 of 31 pa-
tients of the Japanese series continued to have seizures 
provoked by fever, although no longer evolving into SE 
or clustering. Photosensitivity and pattern sensitivity also 
showed a tendency to disappear before the age of 20 al-
though some retained light sensitivity.65 Consequently, 
precipitating factors should also be minimized in older 
patients (Figure 1).

2.5  |  Other therapeutic options for 
seizure control

Regarding nonpharmacological treatment, the use of 
the ketogenic diet (KD) seems to decrease with age (2% 
in adults), but on the contrary, vagus nerve stimulation 
(VNS) is considered as a possible treatment option more 
often in older patients (17% in adults).6

The KD is a well-established treatment for drug-
resistant epilepsies.66 Several studies have reported on the 
use of KD therapy for DS. Table S1 depicts 3 prospective 
and 8 retrospective studies reporting the efficacy of KD 
in a total of about 200 patients. One meta-analysis com-
prising the 3 prospective studies and 4 of the retrospective 
studies is also included in Table S1. One of the prospective 
studies in 15 patients who were treated with an ASM com-
bination including STP showed that more than half of the 
patients responded after 3 months on the diet.67 In addi-
tion, treatment with KD led to improvement in behavioral 
disturbances and hyperactivity even in patients who did 
not experience any amelioration in seizure frequency.67 
To date, there is no evidence for any interaction between 
ASMs and KD.66

Studies show that the KD is an effective treatment for 
convulsive seizures in DS, with a typical responder rate of 
40–50%, defined by a >50% seizure frequency reduction 
compared with baseline. According to our experience, the 
side effect profile of the KD in DS patients is similar to that 
described for other epilepsy syndromes. Unfortunately, 
there is no RCT in DS specifically to further establish the 
efficacy of the KD.

VNS has been reported to be beneficial for patients 
with DS, although there is limited published evidence 
supporting its use (Table S2). In the 1 prospective and 5 
retrospective studies found, and shown in Table S2, the 
responder rate (ie, >50% seizure frequency reduction) 
ranged from 37.5% to 60%. Time to efficacy after surgery or 
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special stimulation parameters for DS were not addressed 
in these studies. In the absence of a dedicated study, VNS 
would be indicated as per criteria for other nonsurgically 
remediable drug-resistant epilepsies. The side effect pro-
file of VNS in adults is similar to what has been described 
in the pediatric population (ie, stimulation-induced symp-
toms such as hoarseness, cough, drooling, sleep apnea 
[needing investigation if suspected] and rarely dysphagia 
not requiring device removal, ipsilateral vocal cord paral-
ysis, rare aspiration pneumonia, rare deep infection need-
ing device removal, or possible device dysfunction due to 
lead fracture).68,69 A meta-analysis conducted in 2017, and 
also included in Table S2, summarized these findings.70

2.6  |  Management of comorbidities

Although each affected person presents their own clini-
cal picture, some secondary conditions, with different 
degrees of severity, are shared by almost all patients. 
Comorbidities in DS comprise growth and eating diffi-
culties, dental problems, frequent respiratory tract infec-
tions, motor coordination and gait disturbances, speech 
and cognitive delay, autistic spectrum features, inatten-
tion and hyperactivity, sleep cycle disruptions, behavioral 
problems, deficiencies in social relations, etc.71

While neurodevelopment appears normal in DS chil-
dren at seizure onset, psychomotor developmental pro-
gression slows over time, and delays may become evident 
from 12 to 60 months of age.72 (Figure 1) In some patients, 
developmental regression can be seen following episodes 
of SE. However, in many cases the pattern corresponds to 
a developmental slowing and the consequent intellectual 
impairment, with most patients developing a disability 
ranging from severe (50%) to mild by 5 years of age.9

Crouch gait develops in about half of the Dravet popula-
tion, together with other gait abnormalities such as parkin-
sonian and cerebellar gait.73 Children from 6 years of age 
can present with the beginning of a crouch gait (Figure 1), 
characterized by an increased hip and knee flexion and 
ankle dorsiflexion in the sagittal plane throughout the 
stance phase, and accompanied by bony malalignment in 
the transverse plane of medial femoral torsion, lateral tib-
ial torsion, and planoabductovalgus of the feet, which are 
characteristics of DS patients.74 Walking disabilities can 
already occur between 4 and 7 years of age, and from ado-
lescence, mobility ranges from independent walking to the 
need of using a wheelchair.5,74 Parkinsonian features are 
seen in patients from 19 years old, with a suggested progres-
sion of severity of the parkinsonian symptoms with age.9,75

All patients, children and adults, show speech and 
language impairments. Speech may be intelligible in DS 
patients, and it is characterized by imprecise articulation, 

abnormal resonance, breathy voice, pitch, and prosody 
errors, and language appears congruent with cognitive 
skills.76 Sleep problems, mainly related to daytime sleepi-
ness and night waking, are also typical in DS.77 Sleep-wake 
transition disorders often affect children younger than 5, 
difficulty initiating and maintaining sleep is particularly 
common in patients older than 20 years, and sleep breath-
ing disorders are frequent across all ages.78 (Figure 1)

The relative impact of the epileptic encephalopathy (sei-
zures and abnormal EEG activity) and the developmental 
encephalopathy (impact of the SCN1A variant on other as-
pects of brain function) on the comorbidities seen in DS may 
be uncertain, but that both are implicated is clear. Age at 
onset seems to be a predictor of the rate of cognitive decline 
for patients with a missense mutation in SCN1A.10,14 In ad-
dition, myoclonic, focal, and absence seizures have been as-
sociated with a worse cognitive outcome, and a study from 
584 patients showed that seizure burden is associated with 
increased comorbidities and lower quality of life in DS.6,79 
However, investigators fail to detect a robust correlation be-
tween severity of seizures and comorbidities,79,80 and they 
suggest a differential contribution of neurobiological and 
genetic factors on the neurodevelopmental quotient.81,82 
In agreement with the idea that mutations in SCN1A de-
termine the severity of both epilepsy and comorbidity, ex-
periments in mice show that convulsive seizures and some 
behavioral comorbidities are uncoupled.83

Research on novel treatment options must not only 
focus on seizure reduction but also focus on the long-
term effects of the disease, and DS comorbidities deserve 
an appropriate consideration by dedicated therapists 
who work in a collaborative manner to improve patients’ 
quality of life. Early intervention programs involving 
active management of behavioral problems (eg, med-
ications such as methylphenidate can be used in some 
patients if hyperactivity is very prominent), speech and 
language therapy, physiotherapy, occupational therapy, 
and, sometimes, social work may be important to en-
sure that patients’ needs are met.84–87 In fact, the ideal 
multidisciplinary team in charge of a DS patient shall 
be formed by a (child) neurologist, a nurse, a neuropsy-
chologist, a physiotherapist, a speech therapist, a dental 
practitioner, and an occupational therapist, among oth-
ers. In addition to this team, patient management should 
be supported by special education in regular or special-
ized centers, as well as by a dedicated group of patient 
advocates.85,88,89

2.7  |  Therapeutic perspectives for DS

Despite being a rare encephalopathy, research on DS is 
continuously advancing, and various novel drugs, such 
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as clemizole, lorcaserin, trazodone, soticlestat, and hu-
perzine A, are currently in the pipeline. FFA, clemizole, 
lorcaserin, and trazodone all act on serotonin signaling 
pathways. They have been found to be powerful sup-
pressors of spontaneous convulsive behavior and electro-
graphic seizures in zebrafish disease models for DS.90,91 
Clemizole exerts its antiepileptic action through serotonin 
and not through a histaminergic mechanism of action,91 
and is being tested in patients aged 2 to 80 years in a phase 
2 trial running in various US centers.92 Lorcaserin is an 
agonist of the HT2C serotonin receptor with the poten-
tial of increasing GABA-mediated inhibition and reducing 
seizure frequency and/or severity in patients with DS.91 It 
will be tested in patients from 2 years of age in a phase 3 
trial in the United States and Canada.93 Trazodone, cur-
rently used as an anxiolytic and antidepressant, showed 
a positive effect in a 25-year-old Portuguese patient, who 
went from having several tonic-clonic seizures every 
day to an average of less than one per month during the 
18-month study period, without any remarkable side ef-
fects.94 At present, there are no studies announced with 
trazodone. Soticlestat is a highly selective inhibitor of 
the cholesterol 24-hydroxylase (CH24H) that decreases 
NMDA receptor activation and glutamate production by 
reducing brain 24-hydroxycholesterol levels. In a recent 
phase 2 RCT in patients aged 2 to 17 years, a 33.8% reduc-
tion of convulsive seizure frequency was found during the 
20-week treatment period, compared with a 7% increase 
in the placebo group.95–97 Huperzine A is a potent acetyl-
cholinesterase inhibitor believed to suppress DS seizures 
via triggering GABA release.98 It is currently under early 
clinical development for the treatment of healthy adults 
and adults with refractory focal-onset seizures with im-
pairment of awareness.99,100

Other ASMs for DS, still in the preclinical phase, are 
GNE-0723, GR-46611, PK11195, cannabis-based products 
others than CBD, verapamil, various NaV1.1 activators, 
and oxytocin. The experimental drug GNE-0723 is a pos-
itive allosteric modulator of GluN2A-subunit-containing 
NMDA receptors. It improves brain oscillations, syn-
chrony, and cognitive functions in mouse models of both 
Alzheimer’s disease and DS.101 GR-46611 is a 5-HT1D re-
ceptor agonist shown to increase hyperthermia-induced 
seizure threshold, lower seizure severity, and improve 
survival of DS mice.102 PK11195, a translocator protein 
(TSPO) ligand and activator of the pck1 gluconeogen-
esis gene, is capable of normalizing glucose levels and 
correcting metabolic deficits and electrographic seizures 
in a DS zebrafish model.103 Consequent upon the antie-
pileptic efficacy of CBD, the effects on DS of other can-
nabinoids are being assessed. Cannabichromene (CBC) 
and its derivatives cannabichromenic acid (CBCA) and 

cannabichromevarinic acid (CBCVA) were reported to 
increase the temperature threshold at which Dravet mice 
had generalized tonic-clonic seizures.104 Verapamil is a 
voltage-gated L-type calcium channel blocker and a spe-
cific inhibitor of the efflux transporter P-glycoprotein and 
the cytochrome P450 3A4 enzyme (CYP3A4). Able to cross 
the brain-blood barrier, verapamil is proposed to have an 
antiepileptic role via inhibition of the P-glycoprotein and 
the regulation of membrane depolarization induced by 
the abnormal function of sodium channels. Studies in 
patients aged 2 to 25  years with drug-resistant epilepsy, 
including DS, found a 50–99% reduction in seizures and 
an improvement in cognitive functions (reviewed in Ref. 
105,106). In addition, various drugs regulating sodium 
channel activity are also potential future medicines for DS. 
The NaV1.1 activator AA43279, and the NaV1.6 inhibitors 
MV1369 and MV1312, significantly reduced seizures and 
improved behavior in DS zebrafish,107 and AA43279 also 
had antiepileptic effects in a DS mouse model.108 The dual 
activation of NaV1.1 in inhibitory neurons and inhibition 
of the SCN8A-encoded voltage-gated sodium channel 
NaV1.6 in excitatory neurons is thus proposed as a ther-
apeutic option for DS. XPC-8770 is a highly selective en-
hancer of NaV1.1 shown to prevent seizures in DS mice.109 
The glucagon-like 1 peptide (GLP-1) analog liraglutide, 
used to treat diabetes, is claimed to increase expression of 
SCN1A and decrease seizures, epileptic neuronal death, 
and cognitive dysfunction in mice.110 Venom peptides 
from scorpion (Hj1a and Hj2a) and tarantula (Hm1a and 
Hm1b) also appear to activate NaV1.1 in vitro.111,112 In 
fact, Hm1a was demonstrated to reduce seizures and pre-
mature death in DS mice receiving the toxin directly into 
the cerebrospinal fluid.113 On the contrary, Hm1b seems to 
delay the rapid inactivation of NaV1.1 in cell cultures, and 
it inhibits NaV1.2, a sodium channel present in excitatory 
neurons. Thus, the combined action of Hm1b, activating 
Nav1.1 in inhibitory neurons and inactivating Nav1.2 in 
excitatory neurons, is proposed as a potential therapeutic 
option for DS.114 Continuing on the therapeutic peptides, 
oxytocin, a hormone and neurotransmitter mediating cer-
tain aspects of social behavior, exhibiting neuroprotective 
and antiinflammatory effects, and modulating neuronal 
excitability, has appeared as a promising treatment op-
tion for epilepsies caused by mutations in SCN1A, like DS. 
Nasal administration of nanoparticle-encapsulated oxy-
tocin (NP-OT) increased resistance to induced seizures, 
and restored social behavior in a mouse model of GEFS+ 
and DS.115 Drugs in the pipeline for DS are summarized 
in Figure S1.

Advanced therapies intended to modify the course 
of the DS disease, and not only seizures, are now in the 
spotlight of many investigators (Figure S2). Because 
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the SCN1A gene is large, typical vector-based full gene 
replacement therapies are difficult to develop for DS. 
However, promising genetic approaches are being eval-
uated. In fact, STK-001, a SCN1A antisense oligonucle-
otide (ASO), has the potential to become the first gene 
regulation therapy for DS. Now under phase 1/2a trials 
in US patients 2 to 18  years old,116 STK-001 is designed 
to reduce seizures and SUDEP incidence in DS patients 
through an increase in productive SCN1A messenger RNA 
(mRNA) levels and thus the elevation of NaV1.1 protein 
synthesis.117118 Another ASO-based strategy under study 
for DS, this time in preclinical research, is SCN1ANAT, 
a synthetic oligonucleotide-based compound claimed 
to increase SCN1A mRNA and NaV1.1 protein levels by 
displacing the expression-limiting natural antisense tran-
script (NAT) of SCN1A.119 SCN1ANAT improved seizure 
phenotype in a mouse model of DS, and its administration 
was demonstrated to be safe for nonhuman primates.119

There are other potential next-generation therapies for 
DS currently in preclinical investigation. One example 
is ETX101, a GABAergic interneuron–selective adeno-
associated virus (AAV)–mediated gene regulation therapy 
that increases SCN1A expression, this time through gene 
transcription enhancement. ETX101 seems to reduce sei-
zures and increase survival in a mouse model of DS,120 
and is reported as safe and well tolerated in nonhuman 
primates.121 ETX101 first clinical trial is anticipated to 
begin in 2022. Gene replacement therapies employing 
helper-dependent adenovirus (HD-AdV) as vectors for 
the delivery of a healthy copy of SCN1A into the brain 
are being investigated.122 Other examples of potential 
advanced therapies for Dravet are based on the CRISPR/
Cas9 technology, which targets the SCN1A promoter to 
increase gene expression and thus attenuates seizures and 
improves behavior in DS mice.123,124 In addition, tRNA-
based gene therapies, focused on SCN1A mRNA stabiliza-
tion or nonsense codon suppression, are also proposed to 
treat DS.125 To be noted, the tRNA-based codon suppres-
sion strategy, which inserts amino acids at premature stop 
codon sites generating wild-type functional proteins, dif-
fers from the ataluren compound, which increases protein 
expression through promoting read-through of the prema-
ture stop codons. Unfortunately, a phase 1 trial evidenced 
no effect of ataluren in reducing seizure frequency and 
improving cognitive, motor, or behavioral function in DS 
patients aged 2 to 12 years with nonsense mutations.126,127 
Last, other approaches search to prevent Dravet disease by 
genetically modifying factors that control epileptogenic 
processes. This is the case of tau, a protein that stabilizes 
neuronal cytoskeleton and whose reduction through gene 
deletion seems to suppress seizures and prevent autistic 
behavior in DS mice.128

3  |   EUROPEAN CONSENSUS

Following the critical literature review, and before for-
mally proposing an updated treatment algorithm for DS, 
we conducted a consultation with European-based DS ex-
perts through a questionnaire. In order to select the ex-
perts, each author proposed 6 to 9 child and adult health 
professionals from diverse regions in Europe. A final list 
of 35 experts agreed by all authors was approached via 
email. Names, roles, and affiliations of the 32 European 
experts who accepted to participate in this consultation 
are listed in Table S3.

The consultation consisted of a round of 18 statements 
agreed by the group of authors of this study, on genetic di-
agnosis, seizure action plan and emergency protocol, initial 
treatment of seizures in infancy and childhood, approach-
ing seizures in adults, other therapeutic options for seizure 
control, and management of comorbidities (3 statements 
per topic reviewed in the literature). Participants were 
asked by individual email to score all statements from the 
perspective of clinical practice and their personal experi-
ence. Within two weeks, 29 of 32 experts gave, in a com-
plete anonymous manner and via an online survey form, 
their level of agreement with the 18 proposed statements 
using a 1-to-5 scoring system (1, strongly disagree; 2, some-
what disagree; 3, neither agree nor disagree; 4, somewhat 
agree; and 5, strongly agree). In addition, some experts 
submitted explanations for their responses via email to the 
authors. The statements proposed in the consultation and 
the scores given by the 29 responder experts are shown in 
Figure  3. The European survey was performed between 
May 6 and May 23, 2021. Taking these results and the ex-
pert’s comments into consideration, and together with the 
critical literature review, we propose below a guideline for 
DS diagnosis and management.

4  |   UPDATED GUIDELINES FOR 
DS DIAGNOSIS AND MANAGEMENT

Genetic testing including SCN1A sequencing and MLPA 
(multiplex ligation-dependent probe amplification, to de-
tect gene copy-number variations) should be requested 
when a diagnosis of DS is suspected. In particular, a panel 
analysis including genes in which variants may result in a 
phenotype similar to DS should be undertaken when pos-
sible. Apart from genetics, other factors such as repeated 
prolonged episodes of SE or the use of contraindicated 
medication (ie, sodium channel blockers) might have an 
additional impact and thus differentially contribute to the 
neurodevelopmental quotient in DS. Also, certain health-
care centers might have some restrictions to access genetic 
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tests (eg, costs, availability, delays to obtain the results). 
Therefore, SCN1A analysis could be considered after the 
occurrence of a prolonged seizure in an infant with normal 
MRI and normal EEG (see the intermediate level of agree-
ment between the experts [mean score of 3.62 ± 1.08] with 
Statement 2 in Figure 3).

All children with a diagnosis of DS should have a per-
sonalized emergency protocol held by parents for the man-
agement of convulsive seizures. These seizures should be 
treated immediately with rescue medication when the 
infant has a history of prolonged seizures. Phenytoin is a 
sodium channel blocker and should be avoided as second-
line therapy in the acute treatment of prolonged seizures 
in DS. However, to date there are no data reporting the ab-
sence of efficacy nor the occurrence of side effects of this 
drug. This may explain the lower agreement score on phe-
nytoin avoidance between the European experts (Figure 3, 
Statement 6, mean score of 3.72 ± 1.22).

VPA is the drug of choice as first-line treatment in 
DS. After failure of VPA, the second-line treatment in 
these children should be a combination of VPA, STP, and 
CLB, with CBD and FFA as alternative second-line drugs 
(Figure  4). Treatment strategy in adults with DS should 
not be exactly the same as in children (Figure 3, Statement 
10, mean expert agreement score of 3.55 ± 1.12). Sodium 
channel blockers should be avoided in children. However, 
their use in adults is not clearly defined and needs fur-
ther exploration (Figure 3, Statement 11, mean agreement 
score of 3.90±1.01, and Figure 4).55 The KD is an effective 
treatment of drug-resistant seizure in patients with DS. 
However, the benefit-risk ratio and the feasibility of this 
diet for a person with DS should be discussed with a team 
experienced in delivering this therapy. The use of VNS for 
drug-resistant seizures in DS patients still needs further 
investigation, as to date all reports have been from non-
controlled studies. This may explain the hesitant level of 

F I G U R E  3   European consultation results. Level of agreement on 18 statements related to the diagnosis, treatment and management 
of DS was responded by 29 European experts (Table S3) using a 1-to-5 score (1, strongly disagree; 2, somewhat disagree; 3, neither agree nor 
disagree; 4, somewhat agree; and 5, strongly agree). Statements are listed in this Figure. Shown are means and standard deviations of the 
scores given to each statement. DS, Dravet syndrome; MRI, magnetic resonance imaging; EEG, electroencephalogram; VPA, valproate; STP, 
stiripentol; CLB, clobazam; CBD, cannabidiol; FFA, fenfluramine; KD, ketogenic diet; and VNS, vagus nerve stimulation
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agreement between the experts (Figure  3, Statement 15, 
mean agreement score of 3.28 ± 1.16).

It is important to note the high level of agreement from 
all consulted experts (Figure 3, Statements 12 and 16) re-
lating to the importance of investigating and treating both 
DS seizures and comorbidities (Figure 4). RCTs of new DS 
medications should include adult patients. For the opti-
mal management of DS, individuals should be managed 
by a multidisciplinary team comprising a child or adult 
neurologist, a nurse, a neuropsychologist, and a physio-
therapist, among others, and supported by a dedicated 
group of patient advocates (Figure 3, Statement 18).

5  |   CONCLUSION

A treatment algorithm that includes the most recently ap-
proved medications and nonpharmacological therapeutic 
options is important to guide health professionals and 
carers of people with DS. Clinical research has mainly 

focused on children, and neurologists treating adults with 
DS have had limited guidance on the management of a 
problem we hope this guideline will help to address.

The treatment algorithm (Figure 4) and the proposed 
guideline, developed from a European consensus panel 
of 29 DS experts, will serve professionals in their clinical 
practice and, as a consequence we hope, will benefit pa-
tients suffering from the severe symptoms of this disease, 
improving their quality of life and that of their families.
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