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Abstract

Objective: Rare and complex epilepsies encompass a diverse range of disorders 

characterized by seizures. We aimed to establish a consensus on key issues re-

lated to these conditions through collaboration among experienced neurologists, 

neuropediatricians, and patient advocacy representatives.

Methods: Employing a modified Delphi method, a scientific board comprising 

20 physicians and 4 patient advocacy representatives synthesized existing litera-

ture with their expertise to formulate statements on contentious topics. A final 

32- member expert panel, representing diverse regions of Italy, validated these 

statements through a two- round voting process, with consensus defined as an 

average score ≥7.

Results: Sixteen statements reached a consensus, emphasizing the necessity 

for epidemiological studies to ascertain the true prevalence of rare epilepsies. 

Etiology emerged as a crucial factor influencing therapeutic strategies and out-

come prediction, with particular concern regarding prolonged and tonic–clonic 

seizures. The importance of early implementation of specific drugs and non- 

pharmacological interventions in the treatment algorithm for developmental 

and epileptic encephalopathies (DEEs) was underscored. Multidisciplinary care 

involving experts with diverse skills was deemed essential, emphasizing non- 

seizure outcomes in adolescence and adulthood.
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1 |  INTRODUCTION

Rare and complex epilepsies, although individually rare, 

come to affect nearly 5 people in 10 000.1 They comprise 

conditions with etiological and phenotypic heterogene-

ity brought together by seizures, which often prove to 

be resistant to polypharmacotherapy thus influencing 

neurodevelopmental trajectories, quality of life (QoL), 

and mortality. To address these facets, the International 

League Against Epilepsy (ILAE) coined the wording 

Developmental and Epileptic Encephalopathies (DEEs).2 

The conjunction of the two terms “Developmental” and 

“Epileptic” emphasizes that brain construction processes 

(including synaptogenesis and neuronal sprouting) may 

be early distorted by the underlying disease cause (i.e., ge-

netic) on which seizures superimpose.3

Dravet Syndrome (DS), Tuberous Sclerosis Complex 

(TSC), Angelman Syndrome (AS), or Cyclin- dependent 

kinase- like 5 deficiency disorder (CDD) have well- defined 

causative mutations in neuronal expressed genes. The α1- 

subunit of the voltage- gated sodium channel (SCN1A) was 

the first epilepsy- associated gene, discovered in the early 

2000s.4 Pathogenic variants in SCN1A are found in about 

80% of DS patients and they commonly lead to a loss- of- 

function (LOF) of the channel properties.5 As one of the 

most common monogenic epilepsies, the natural course of 

DS has been dissected over the years. DS is characterized 

by fever- induced alternating hemiclonic or convulsive sei-

zures around the 5th month of age.6 The increased num-

ber of drug- resistant seizures, with a risk for prolonged 

convulsive seizures or status epilepticus (SE), invariably 

influences psychomotor development and the adolescent/

young adult with DS typically retains intellectual disability 

and psychobehavioral problems.6 TSC may feature symp-

toms of a common DEE. Although seizures strongly affect 

the everyday life of patients and their caregivers, mutations 

in the tumor- suppressor genes TSC1 or TSC2 make it a 

multisystemic disorder. Patients may develop hamartomas 

in different organs7; moreover, about 50% of young children 

have autism spectrum disorder (ASD) or attention- deficit/

hyperactivity disorder (ADHD) getting to talk about TSC- 

associated neuropsychiatric disorders (TAND).8,9 AS is due 

to the loss of function of the imprinted UBE3A gene, which 

can result from four different mechanisms that make the 

maternally inherited gene non- functional.10 The main fea-

tures of the disease are ataxia, intellectual disability, lack 

of speech, seizures, hyperactivity, and uncontrolled laugh-

ter.11 Epilepsy persists in more than half of adults with AS, 

however visual, mobility, and behavioral disorders are also 

present and need appropriate care.12 CDD shares some phe-

notypic features with Rett syndrome but has distinguishable 

symptoms and a clear genetic culprit: the X- linked CDKL5 

gene, coding for a protein involved in brain development.13 

Beyond seizures, CDD patients (mostly girls) display differ-

ent degrees of developmental delay, autistic- like symptoms, 

sleep disturbances,14 and cerebral visual impairment as a 

constitutive part of the disorder.15

Lennox–Gastaut Syndrome (LGS) is classified by the 

ILAE as a DEE, although its definition is based on electro- 

clinical features rather than on etiology; that is why the 

Significance: This national consensus underscores the imperative for person-

alized, comprehensive, and multidisciplinary management of rare epilepsies/

DEEs. It advocates for increased research, particularly in epidemiology and ther-

apeutic approaches, to inform clinical decision- making and healthcare policies, 

ultimately enhancing patients' outcomes.

Plain Language Summary: The modified Delphi method is broadly used to 

evaluate debated topics. In this work, we sought the consensus on integrated and 

social care in epilepsy management. Both representatives of high- level epilepsy 

centers and patients' caregivers were directly involved.
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DEEs, Delphi, management, multidisciplinarity, rare epilepsies

Key points

• Rare and complex epilepsies are heterogene-

ous disorders with “seizures” as a common 

hallmark.

• We used a modified Delphi approach to seek 

consensus on debated topics in DEEs manage-

ment on the national territory.

• Multidisciplinary and social care emerged as 

pivotal to guarantee proper treatment.
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LGS group comprises different rare and complex diseases 

with genetic and/or structural pathogenesis. Several ef-

forts have been made by epileptologists to uniform its 

definition.16,17

Consequently, the traditional concept of “comorbid-

ities” in rare and complex epilepsies is quite outdated. 

Instead, psychobehavioral and movement disorders are 

recognized as integral components of these conditions. 

This paradigm shift has fundamentally transformed the 

approach to DEEs in recent years.

There is increasing awareness of the need for a multi-

disciplinary approach, which includes the involvement of 

various clinical care professionals such as physiotherapists, 

neuropsychomotor therapists, psychiatrists, and psycholo-

gists. This holistic approach, to be brought into adulthood, is 

crucial for enhancing the QoL, mitigating complications, and 

optimizing treatment outcomes.18,19 Our objective was to es-

tablish an Italian Consensus, drawing upon the perspectives 

of both caregivers and seasoned physicians, to address con-

tentious issues in the realm of rare and complex epilepsies.

2 |  METHODS

The consensus procedure followed a modified Delphi ap-

proach designed to address the appropriateness of health-

care interventions. This method generates statements of 

constructed scenarios by integrating scientific evidence 

with the experience and judgment of a multidisciplinary 

group of experts. It serves as a model to produce best- 

practice recommendations in  situations where scientific 

evidence or experiences are limited, contradictory, or not 

well integrated into clinical practice.20,21

The Scientific Board (SB) was composed of 20 physicians 

selected based on their expertise in rare and complex epi-

lepsies and scientific publications. Ninety- five per cent of 

them had >10 years of experience and seven were represen-

tatives of five recognized Italian EpiCare Centers.1 The rep-

resentation of the whole national territory was also taken 

into account. The board also included a representative of 

each of the following family advocacy groups: Dravet Italia 

Onlus; Associazione Famiglie LGS Italia; Organizzazione 

Sindrome di Angelman Onlus (OR.S.A); and Associazione 

Sclerosi Tuberosa. All the meetings of the consensus proce-

dure took place in virtual mode. In the first meeting (May 

18th, 2023), the SB discussed different aspects of rare epi-

lepsies by analyzing the published literature. The number 

of statements was not predefined, and they were considered 

useful to clarify, in the opinion of the experts, the unmet 

needs of the above- mentioned topics. Following extensive 

discussion among SB members, 16 statements were formu-

lated. From May to October, a larger, anonymized, group 

of national experts sought consensus on these statements.

In the first round of voting, the clinicians of the extended 

working group were individually asked to express their 

judgment of appropriateness, using a 9- point scale ranging 

from 1 (not appropriate) to 9 (very appropriate), encompass-

ing 4–6 (appropriateness uncertain). After the first voting 

round, the anonymized votes were analyzed by study facil-

itators and mean values ±SD were calculated. Areas where 

consensus was not achieved were re- proposed to the SB.

In the second meeting (October 18th, 2023), the results 

of the individual online voting, along with discussion re-

ports, were used to define the live voting round. During this 

round, both the SB and the extended experts panel took part 

to facilitate sharing and discussions. All the scenarios were 

discussed, and each participant voted on the appropriate-

ness of the interventions described using the same 9- point 

numeric rating scale. In case of significant disagreement, 

the reasons behind the diverging opinions were discussed 

and efforts were made to appropriately modify the state-

ments. If consensus was still not reached, the statement 

was rejected. If the average score remained above seven, an 

agreement was reached. If the score falls below seven, the 

discussion focuses on potential modifications to the state-

ment. After the modification was agreed upon during the 

live session, the statement was voted on one last time.

3 |  RESULTS

A mean of 43 (±4, SD; range: 31–45) experts took part in the 

first round of voting. Participants were reduced to 38% of 

those originally selected (mean ± SD: 28 ± 2; range: 25–32) 

in the second round. All the physicians (n = 20) and car-

egivers representatives joined all the Delphi rounds. After 

the two- round discussion, no statements were eliminated. 

The final 16 statements covered four major needs and is-

sues associated with managing rare epilepsies, namely: epi-

demiology/nosology; diagnosis and prognosis; therapeutic 

management and multidisciplinary care. Ten statements 

reached a level of achievement (mean ± SD: 8.14 ± 0.42) 

sufficient to consider them approved already at the first 

voting round. Following some minor amendments, all the 

statements were approved (lower: 7.0; maximum: 8.9). The 

full list of the statements with the values obtained during 

the first and second voting rounds is reported in Table 1.

3.1 | Epidemiology/nosology reveals the 
impact of epilepsy on the overall disease 
phenotype and unreliable prevalence data 
in the literature

For statement #1, dealing with the etiological heterogene-

ity of these disorders and the impact of epilepsy on the 
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overall outcome, consensus was reached at the first voting 

round. The consensus of the experts' panel was confirmed 

at the second voting round. Conversely, disagreement 

on the formulated statements #2 and #3 required their 

reformulation in Round 2. Specifically, both statements 

dealt with the estimates for disease prevalence and mor-

tality available in current databases/in the literature 

(Figure 1).

T A B L E  1  List of Delphi statements.

Statement

First round Second round

Mean 

value ± SD

Mean 

value ± SD

Epidemiology/

nosology

1. DEEs are diseases with variable etiologies in which epilepsy contributes to 

neurological and/or cognitive deficits

7.78 ± 2.0 7.9 ± 2.0

2. The prevalence of DEEs, such as Dravet (1:45.000) or CDKL5 (1:50.000), is 

based on available databases and is reliable

Revised as:

The prevalence of DEEs, such as Dravet (1:45.000) or CDKL5 (1:50.000), is 

based on available databases but is not correctly estimated

5.4 ± 2.5 7.0 ± 1.7

3. The mortality of DEEs (2%–5%) is overestimated

Revised as:

The mortality of DEEs (2%–5%) is not correctly estimated

5.23 ± 1.9 7.7 ± 0.8

Diagnosis and 

prognosis

4. Etiology influences the therapeutic management and outcome of epilepsy 8.18 ± 0.9 8.3 ± 1.0

5. The therapeutic management may aggravate the outcome 7.96 ± 1.2 8.3 ± 0.8

6. During adolescence or adult age improvement of epilepsy is common

Revised as:

During adolescence or adult age improvement of epilepsy is possible

6.2 ± 1.8 8.0 ± 0.8

7. Status Epilepticus (including non- convulsive SE) or incoming crisis are 

frequent

7.36 ± 1.1 7.9 ± 0.9

8. Controlling tonic–clonic seizures and drop seizures is the first goal to 

impact the Quality of Life (QoL)

Revised as:

Between the possible types of seizures, controlling tonic–clonic and drop 

seizures is the first goal to impact the Quality of Life (QoL)

7.18 ± 1.3 8.4 ± 0.7

Therapeutic 

management

9. Pharmacological treatment supposes the early use of drugs with a specific 

indication (e.g., stiripentol, felbamate, fenfluramine, cannabidiol)

8.2 ± 0.9 8.6 ± 0.6

10. Non- pharmacological treatments should be considered after the failure of, 

at least, 2 anti- seizure medications

Revised as:

Non- pharmacological treatments could be considered already after the failure 

of 2 anti- seizure medications

6.98 ± 1.8 7.2 ± 1.9

11. The introduction of a second or/and third anti- seizure medication should 

consider the effects on comorbidities

8.24 ± 1.1 8.7 ± 0.6

Multidisciplinary 

care

12. The behavioral and cognitive abnormalities represent the most relevant 

problem in the adolescent/adult age

8.02 ± 0.9 7.8 ± 1.3

13. Standardized scales, coherent with the age and native language of the 

patient, should be used for rating the cognitive- behavioral comorbidities

8.2 ± 1.0 8.7 ± 0.7

14. Continuity of care is a process engaging the hospital and territorial 

services together, taking into consideration the cognitive and behavioral 

comorbidities of every single patient to build a coherent “plan of life”

8.69 ± 0.6 8.9 ± 0.5

15. Transition is not only a “handover” between clinicians of the pediatric 

and adult age

8.69 ± 0.6 8.9 ± 0.4

16. A multidisciplinary approach is the sole possibility for properly taking 

charge of patients

8.82 ± 0.5 8.9 ± 0.3

Note: Statements are listed in numerical order and divided into “fields.” On the right, the mean ± SD scores obtained at each voting round are reported.
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3.2 | Etiology is the main determinant 
for prognosis, but some phenotypic 
manifestations are invariably impactful 
between DEEs

Panelists agreed on identifying etiology as the driver for 

therapeutic choices and outcome in DEEs (statement #4); 

as a matter of fact, a misdiagnosis may lead to therapies 

with a negative impact on the disease course (statement 

#5). Prolonged seizures and SE (both convulsing and 

non), as well as generalized tonic–clonic seizures, are the 

main concerns for the caregiver, influencing the perceived 

QoL. Conversely, when children grow up epilepsy may 

tend to spontaneously improve, and the burden of non- 

seizure outcomes becomes relevant (statements #6, #7, 

#8) (Figure 1).

3.3 | Specific pharmacological and  
non- pharmacological interventions  
should be implemented early

Statement #9 stressed the importance of the early use of 

anti- seizure medications (ASMs) with specific indica-

tions for DEEs, and the panelists agreed on that. In the 

last few years, diverse ASMs (e.g., fenfluramine, canna-

bidiol, ganaxolone) have received approval from regula-

tory agencies for the labeled use in some DEEs. Although 

the mechanisms of action are not etiology- driven, these 

drugs have shown to be impactful on the neurodevelop-

mental trajectories22 and the non- seizure outcomes23,24 

as opposed to “classic” ASMs (e.g., topiramate and val-

proate) which are known to cause lowered cognitive/

neuropsychological performances.25 Consequently, clini-

cians agreed that a fundamental “shift” in the therapeu-

tic algorithm for rare and complex epilepsies is needed. 

Moreover, another important point needs to be consid-

ered: non- pharmacological interventions (e.g., vagal 

nerve stimulation) should be implemented early in the 

therapeutic management of patients, just after the failure 

of two appropriately chosen and dosed ASMs. This was 

highlighted by the slight disagreement on statement #10, 

which then reached an agreement after revision. Finally, 

statement #11 remarked on the importance of comorbidi-

ties in the overall therapeutic management of patients 

(Figure 1).

3.4 | Multidisciplinarity allows a holistic 
approach to care of patients

A high agreement was reached among panelists for state-

ments dealing with the need for a multidisciplinary ap-

proach to DEEs. The mean score of statements #12, #13, 

#14, #15, and #16 was 8.48 ± 0.35 already at the first vot-

ing round. The mean score increased to 8.64 ± 0.5 in the 

F I G U R E  1  Graphical representation of the mean ± SD scores for each statement. Box- and- whisker plots help visualize the summary 

of the consensus for each statement. Statements are in numerical order (#number) and divided based on the “area” they belong to. Two 

different colors are used to represent the first and second voting round.
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2nd round, confirming general agreement on the topic 

(see Figure 1; Table 1).

4 |  DISCUSSION

Developmental Encephalopathies and Developmental and 

Epileptic Encephalopathies are known to be two distinct 

entities.2,3 Also, their biological basis is highly heteroge-

neous, with some cases caused by pathogenic variants in 

genes involved in early brain development, others caused 

by nongenetic etiologies (i.e., structural, metabolic, or 

infectious), and, finally, “undefined” (also called “idi-

opathic”) cases, which are worthy further investigations. 

However, the impact of epilepsy and EEG abnormalities 

on the course of the disease is well established, even if 

hardly measurable.26

The low mean scores ± high SD obtained for statements 

evaluating “Epidemiology/Nosology,” underline the need 

for unique disease registries and epidemiological studies 

in the care of patients with complex and rare epilepsies. 

Particularly, registries will not only help physicians to pro-

vide families with clear estimates of the disease affecting 

their children/assisted persons, but they will also help re-

searchers in studying the pathophysiology and potential 

therapeutic targets of the diseases. For example, a registry 

for Dravet Syndrome (Residras)27 has been implemented 

through the help of patient associations and is currently 

recruiting patients on the national territory. DS patients 

reveal a spectrum of clinical manifestations; both sei-

zures, cognition and motor impairment have a variable 

severity from patient to patient and overtime with only 

a slight genotypic correlation. SCN1A pathogenic vari-

ants, identified in more than 80% of patients, do not ex-

plain such heterogeneity that may be due to other genetic 

“susceptibilities”.28,29

Dissecting these boundaries becomes fundamental 

to developing targeted therapies and will add the values 

given by registries. Similarly, International and National 

registries for CDKL5 deficiency disorder (CDD), AS, TSC 

and LGS are also actively recruiting patients, and Natural 

History studies, specifically informing about developmen-

tal trajectories, are being carried out.30 These are com-

mon venues in most DEEs; correct epidemiological data 

will lead to better resource allocation and tailored pub-

lic health strategies. Moreover, these registries may help 

guide healthcare professionals in diagnosis and manage-

ment, and inform policymakers about the needs of this 

patient population.

The “Diagnosis and Prognosis” area, covered by our 

national consensus, reinforces the etiological complexity 

underlying rare epilepsies and the need for proper classi-

fication to guide therapeutic choices and inform patients/

caregivers on the supposed progression of the disease. 

However, there was generally more consensus on the 

given statements with mean scores already passing seven 

at the first voting round. More discussion derived from the 

supposed improvement of epilepsy during adulthood and 

the burden of seizures. DEEs are invariably different yet 

some commonalities can be found, specifically, caregiv-

ers are in line in stressing the relevance of epilepsy and 

the high impact of prolonged, generalized tonic–clonic 

and drop seizures over the QoL. In addition, recognizing 

the negative impact of certain therapies on outcomes also 

stresses the need for pointful and careful medication man-

agement and monitoring.

The therapeutic management of DEEs is mostly based 

upon algorithms31–34; although, the choice of add- on med-

ications strictly depends on the physician's experience and 

way of working. Panelists agreed that drugs with a specific 

indication should be considered early in the diagnostic 

algorithm. Similarly, non- pharmacological treatments 

should not be delayed for multiple ASM testing. Indeed, 

the common trend is to add specific therapies or consider 

non- pharmacological strategies when all the first- line 

pharmacological options have failed. This should change 

in the next few years thanks to the increasing relevance of 

ASMs with robust supporting studies and highly reliable 

results of efficacy in some DEEs. These drugs, together 

with non- pharmacological treatments, are commonly 

not directly targeting the biological mechanisms of the 

disease, but have the potential, if moved from second-  to 

first lines, to favorably modify the outcome of these rare 

diseases.35–37 Keeping in mind “comorbidities,” or better 

“non- seizure outcomes,” in treatment plans points to-

wards a patient- centric approach in Italy. This could en-

courage the adoption of newer, more holistic, medications 

and the integration of alternative therapies into the stan-

dard of care practices.

The need for a multidisciplinary approach to DEEs is 

well recognized in the literature,38 and the results of our 

consensus seem to convene that this approach has been 

already implemented in highly specialized Italian cen-

ters as highlighted by the high scores obtained in this 

area of the study (Figure 1). Multidisciplinarity implies 

changes in how teams are organized and coordinated 

between different specialties. A therapist, specializing 

in epilepsy, should always be part of the team to address 

not only the medical but also the cognitive, behavioral, 

and social aspects of epilepsy, for which standardized 

scales are pivotal. In addition, attention should be paid 

not only to allocating resources to ameliorate transi-

tion, which should be considered not only a “handover,” 

but also a complex process involving either the hospi-

tal or community services, to the end of building “life 

projects.”
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This consensus reflects a progressive and comprehen-

sive approach to epilepsy care in Italy, highlighting the 

need for personalized, holistic, and multidisciplinary care. 

These consensus statements may influence healthcare 

policies in Italy, advocating for more funding for epilepsy 

research, better training for healthcare professionals, and 

the development of specialized centers for epilepsy care. 

This could also lead to the formulation of new guidelines 

and protocols for the management of epilepsy, based on 

the latest scientific evidence and expert opinion. The focus 

on personalized care, the recognition of the multifaceted 

nature of epilepsy, and the emphasis on multidisciplinary 

approaches are likely to enhance patient satisfaction and 

outcomes. This could also empower patient communities, 

providing them with more information and support for 

managing their frail condition.

5 |  CONCLUSION

The integration of scientific evidence with expert judg-

ment at the i- RARE event highlights the importance 

of advancing medical practice, especially in epilepsy 

care, by combining empirical data with clinical experi-

ence for more informed decisions. This approach will 

enhance decision- making, enable personalized medi-

cine, bridge research and clinical practice, navigate 

complex scenarios, foster innovative treatments, and 

aid in policy development. It will ensure that epilepsy 

care is not only based on solid research but also tai-

lored to individual needs and real- world contexts, driv-

ing continuous improvement in patient care and policy 

frameworks. Moreover, engaging with patients and 

caregivers in research to understand their experiences 

will provide valuable insights for developing patient- 

centered care models.

The consensus reached at the i- RARE provides rec-

ommendations for clinicians, particularly in the diag-

nosis, treatment, and management of DEEs, helping 

to standardize care practices and improve the quality 

of care for patients. The emphasis on early and specific 

pharmacological treatments, alongside the recognition 

of non- pharmacological therapies and the importance 

of considering comorbidities, is likely to shape treatment 

protocols. This could lead to more comprehensive treat-

ment plans that include newer medications and therapies. 

Moreover, these consensus statements are poised to guide 

policymakers in resource allocation and funding, poten-

tially leading to increased research in key areas and the es-

tablishment of specialized epilepsy centers. The focus on 

individualized treatment approaches promotes the adop-

tion of personalized medicine, ensuring that policies and 

practices are more patient- centered and consider psycho-

logical, cognitive, and social aspects of epilepsy.

The strong agreement on the necessity of a multidis-

ciplinary approach suggests a shift towards collaborative 

and integrated care models, ensuring better coordination 

among various healthcare providers. This approach can 

significantly improve the management of epilepsy, lead-

ing to better patient outcomes and enhanced quality of 

life. Additionally, the insights from these statements can 

update educational and training programs for medical 

professionals, aligning them with the latest evidence and 

practices in epilepsy care.

There is also a significant need for the development 

of new therapeutic agents, specifically targeting different 

types of rare epilepsies. Research in neuropharmacology 

and innovative drug delivery systems could be pivotal in 

this regard. Alongside these, focusing on the comorbidi-

ties associated with rare epilepsies, such as cognitive and 

psychological disorders, will aid in the development of 

more holistic care models. A multifaceted approach to re-

search and development is sought, and it is necessary to 

advance understanding and improve the management of 

rare and complex epilepsies.
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