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Abstract 

Background and purpose: 7,000 rare diseases have been identified, most of them are of genetic 

origin. The diagnosis of a neurogenetic disease is difficult, and management and training 

programs are not well defined through Europe. To capture and assess care needs, the 

Neurogenetics Panel of the European Academy of Neurology (EAN) has performed an explorative 

survey.

Methods: The survey covering multiple topics of neurogenetics was sent to all neurologists and 

neuropediatricians affiliated to the EAN practicing in Europe.

Results: We have collected answers from 239 members based in 40 European member states. 

Even though most of the responders are aware on neurogenetic diseases, when we come to 

amenability of carrying out a complete genetic diagnosis, almost one third of the responders 

declare that are not happy with the current way of ordering genetic analyses in their Countries. 

Furthermore, while single gene analysis is diffusely present in Europe, whole exome and genome 

sequencing are not easily accessible, with considerable variabilities between Countries. Almost 

10% of the responders didn’t know if pre-symptomatic and prenatal diagnosis is available in their 

Countries, and 47,3% were not aware of which newborn screening programs are available. Finally, 

96,3% of responders declare that there is a need for education and training in neurogenetics.

Conclusions: We believe that this survey may be of importance for all European stakeholders in 

neurogenetics in identifying key priorities, targeting areas to encourage education/travel 

fellowships and educational seminars in the future as this area will only accelerate and diagnostic 

requirements expand.

Keywords: Europe; disease diagnosis; neurogenetics; rare diseases; survey.
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Introduction

A rare disease (RD) is defined as one that affects fewer than 5 per 10,000 persons in the 

European Union (EU) or fewer than 200,000 persons in the United States. Despite their relative 

rarity, about 6,000 to 8,000 RDs have been identified worldwide, affecting approximately 6 to 8% 

of the general population (almost 30 million people in the EU) [1, 2]

Rare neurological diseases (RNDs) constitute a significant proportion of RDs. Almost 80% of the 

RDs are caused by genetic anomalies, and in over half cases affect the central and\or peripheral 

nervous system, either isolated or in combination with other systems, and may start in 

childhood. This is one of the main reasons why neurologists and neuropediatricians must be 

aware of and prepared to manage these diseases. Therefore, there is a growing worldwide 

attention in neurogenetics diseases (NGDs), with several areas of neurosciences sharing this 

interest.

Due to the significant clinical and genetic heterogeneity, either for the many genes involved 

(genetic heterogeneity) or the great variety of mutation types in a single gene (allelic 

heterogeneity), NGDs are often challenging to diagnose. The diagnostic process may take even 

years, require several specialists, and need many medical investigations, where genetic diagnosis 

is in our days recognized as mandatory for NGDs since it allows proper counseling, family 

planning, and access to therapy or novel clinical trials. This is even more relevant given the 

availability of personalized treatment in a growing number of diseases.

Genetic diagnostic services are already under considerable pressure to integrate the new 

discoveries and to ensure equal accessibility and fast responses to avoid treatment and 

management delays. However, does this statement apply for all European countries? Moreover, 

the quality of the awareness and training in neurogenetics, among medical school and 

residencies programs, is not completely known at European level.

The aim of this work is to gather information on different aspects of neurogenetics, as 

understood by the European neurologists and neuropediatricians affiliated to the European 

Academy of Neurology (EAN). Topics of interest in this survey were: (i) Provision of genetic 

services in Europe: current practices and issues; (ii) Genetic services in different European 

Countries; (iii) Genetic services throughout Europe; (iv) Pre-symptomatic and new-born 

screening in neurogenetics; and (v) Education on neurogenetics.A
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Methods

The current project is a cross-sectional survey focused on members of the EAN, who deal with 

both adult and pediatric patients and whose clinical practice is performed in the Europe. The 

Neurogenetics Panel management group of EAN designed the questionnaire (see supplementary 

file 1), taking into account the following elements at National level: awareness of RNDs, national 

policies, access to different diagnostic tests (also covering pre-symptomatic and newborn 

screening), education in neurogenetics. The survey was distributed by the EAN Scientific 

Department through the official society mailing list, which contained 1278 contacts, advertised 

through the official society channels, including social media reminders, and it was conducted 

online between June 15th and October 15th, 2021. We have invited, among the EAN members, 

only clinicians, including residents, practicing in the field of neurology and child neurology. 

Responses were collected through the Google forms platform and then anonymously analyzed.

Ethical statement

Ethical approval was not necessary for this study. 
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Results

A total of 239 neurologists (18% of the physicians listed in the EAN mailing list), of whom 6,7% 

Neuropediatricians, filled the survey (53% female, mean age 47,7 years), representative of 40 

European member states (affiliated to the EAN, Figure 1) and of all EAN Scientific Panels.  

Supplementary file 2 shows the obtained results.

Of these, 77% were employed in either Academic or Public Hospitals, 7% were residents in 

neurology, the remaining ones were either private neurologists or specialists affiliated to 

research centers. The full list of queries and the results are reported in the supplementary files 1 

and 2 respectively.

General aspects

Almost all participants (99,2%) were aware of neurogenetic diseases and thought that 

neurogenetics has an important role in clinical neurology. Most of them (91,2%) follow patients 

with NGDs, mainly neuromuscular (51,9%), ataxia (54%), rare dementia (31,8%), movement 

disorders (53,1%), monogenic cerebral small vessels diseases (27,2%), mitochondrial diseases 

(43,5%), hereditary spastic paraplegia (43,9%) and epilepsy (24,3%). While all the responders 

agreed that family history is an important finding in the diagnostic flowchart, in almost 20% of 

cases the same is not usually collected, which could lead to wrong or delayed diagnosis.

Regarding the prescription of genetic tests, in most symptomatic patients they are prescribed by 

clinicians, including residents, whereas 20% of responders declare that are prescribed only by 

clinical geneticists. In case of presymptomatic screening, neurologist with expertise in genetics 

are allowed to prescribe genetic for 60% of responders; however, the presymptomatic genetic 

test is preceded by a medical genetic counseling consultation in more than 90% of cases. Finally, 

in case of prenatal diagnosis, almost all responders who are aware of the service declare that 

genetic test is preceded by a medical genetic counseling.

Genetics tests availability

Even though most of the responders are aware on NGDs, however, when we come to 

amenability of carrying out a complete genetic diagnosis, almost one third of the responders 

declare that are not happy with the current way of ordering genetic diagnostic tests in their 

countries. As an example, PCR fragment analysis and other techniques for repeat disorders are A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

available in 40% of cases only for limited commoner expansions. Moreover, while single gene 

analysis is diffusely present in European countries, WGS is not easily accessible for more than 

60% of responders. The European situation appears to vary from Country to Country with respect 

to access to NGS Panels, WES and WGS, where most of the differences are between western and 

eastern Europe (see figures 2-3-4). Both the discrepancies and completeness of the acquired data 

between Countries cannot be deeply evaluated in this survey due to the limited number of 

answers we have collected. 

Another important issue is the latency between the request test and the obtained response. In 

more than 35% of cases, it takes more than 3 months for single gene analysis and more than 68% 

for NGS genes panels; in more than 40% of cases analyzed by WES it takes more than 6 months.

Information about including the new-born screening for treatable RNDs and presymptomatic 

diagnosis is not diffusely provided to the general neurologists, mainly to those not directly 

involved in the field; almost 10% of the responders don’t know if presymptomatic and prenatal 

diagnosis are available in their countries, and 47,3% are not aware of which newborn screening 

programs are available in their Countries. We should be aware about the risks neurologists run 

by doing presymptomatic -and more rarely- prenatal genetic testing on their own (61% and 

29% of the responders respectively); however, in most cases (91 and 83 % respectively) the 

genetic testing is preceded by a medical genetic counseling consultation.

Education in neurogenetics

96,3% of responders declare that there is a need for education and training of neuro-residents in 

neurogenetic diseases. A neurogenetic program is known to be available in 34% of the medical 

school curriculum, in 24,6% of the neurological residency curriculum and in 33% after the 

neurological residency program.
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Discussion

The total number of RDs is estimated to be greater than 7000 with a global prevalence of 3.5%–

5.9%, and there are an estimated 263–446 million persons affected globally at any point in time 

[3]. 

In Europe, it is estimated that more than 500 000 persons are affected by RNDs, and globally, the 

management presents a significant challenge [4, 5] to health policy makers, health care 

providers, patients, and society in general due to gaps in knowledge, lack of awareness, 

difficulties in gene test ant treatment access due to the high costs.

With this work, we aim to provide evidence that a survey tool, used in the context of the EAN, is 

useful means to collect information about the state-of-the-art of health-related activities for 

NGDs, which may help to improve and homogenize health care service to the rare disease 

community.

We are aware that our survey tool has some limitations. First, the survey did not collect enough 

responses from neuropediatricians, with only 6,7% of responders being involved in the care of 

children. Secondly, although a large proportion of countries of the Europe were included in the 

study, for some of them we have obtained a very low number of responders, and this might have 

biased the results for some countries. Thirdly, the results were based on a single subject 

response per country. This might also have biased the results of care needs in some European 

Country. However, all respondents were affiliated to the EAN and member of different EAN 

Panels,  and we assume they were likely to be well informed about the NGDs in their respective 

country. It would be important in the future to both replicate and expand our data to have more 

insights in the field of neurogenetics; collaboration with other entities, including additional 

scientific associations, could be a way to go.

Even though absolute conclusions cannot be reached, several messages arise from this survey.

1. Information about the country organization for molecular diagnosis of NGDs is not 

diffusely provided to the clinicians working in the neurological field, mainly to those not 

directly involved in the rare diseases’ world.

2. The awareness of the neurologist about new-born screenings for inherited treatable 

diseases is relatively low. A
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3. This survey reveals that, in spite of the many initiatives undertaken to facilitate the 

diagnosis and management of RNDs in Europe, there is still much to be done in support to 

these patients, including easy approach to specific diagnostic gene testing, 

presymptomatic diagnosis, carrier and newborn screening; a deeper collaboration 

between all stakeholders in the arena (academia, physicians, researchers, EU politicians, 

patients advocacy groups and industries), is a crucial need.

4. Despite the strong epidemiological impact of neurogenetics diseases and the important 

costs related to them, education in clinical genetics and neurogenetics is still inadequate 

in most countries. Neurogenetics programs in both medical school and residency 

curriculum and in continuing medical education are strongly encouraged. 

We believe that this work may be of importance for all European stakeholders in RNDs and NGDs 

in identifying key priorities that should be done to do better in the next close future:

Key Priority 1. Ensuring European patients get the right diagnosis faster wherever they live, 

including prenatal diagnosis and newborn screening for the treatable NGDs.

All experts in the field know that the diagnostic journey of a patient with NGD is frequently an 

odyssey, which is complex and burdensome [6]. It features multiple consultations and tests, and, 

often, conflicting diagnoses. These reflect disease variety, diagnostic uncertainty, and clinician 

unfamiliarity, and may lead to incorrect family planning and treatment delay.

Key Priority 2. Keep increasing awareness of rare conditions among healthcare professionals

While this survey is encouraging, we still have to work in this scenario, as different National 

realities revealed that neurological community is not always well aware of RNDs [7, 8].

Key Priority 3. Developing a neurogenetics curriculum during the medical school and neurological 

and child neurology training and continuous medical education program.

Key Priority 4. Translation about the pediatric issues getting adulthood. Given the amount of 

early onset genetic disorders and the possibility for early diagnosis and treatment, efforts to 

harmonize transition of patients with neurogenetic disorders from pediatric neurology to adult 

neurology is highly warranted across Europe.  

Key Priority 5. Technical red flag issue / Transparency; how do you know what you get. As gene 

panels for each diagnostic area, such as in CMT or dystonia expand, it will be important to 

harmonize the genes and flanking introns being tested across European and the rest of the world A
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diagnostic laboratories. This is a technical issue of extracting standard data from the exome or 

genome that each panel is taken from such as through a collaborative PanelApp [9].

Key Priority 6. In order to speed up the diagnosis of cases not diagnosed within the own 

countries cross border collaboration can be offered through the European Reference Network 

for Rare Neurological Disorders (ERN-RND), Neuromuscular Disorders (ERN EuroNMD) and 

Epilepsies (ERN EpiCare) using the Clinical Patient Managements System (CPMS) developed by 

the EU.

Key Priority 7. Unsolved cases and cases where the detection of VUS may seriously hamper the 

diagnosis of inherited NGDs should be directed to collaborative research programs.

Key priorities 1, 2, 3, 4 and 6 are currently be taken up by the European Reference Networks 

ERN-RND, EuroNMD and EpiCare. Notably and in collaboration with EAN a RND postgraduate 

curriculum is being developed and cross-ERN working groups have been established on transition 

and NGS diagnostics.

Acknowledgments

We are grateful of the support of the European Reference Networks EuroNMD  (MM, MJM) and 

ERN-RND (MM, SB, HG, AF) 

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

References

1. Baird PA, Anderson TW, Newcombe HB, Lowry RB. Genetic disorders in children and young 

adults: a population study. Am J Hum Genet. 1988;42:677–93.

2. Petr ŠIMERKA. Council Recommendation of 8 June 2009 on an action in the field of rare 

diseases. Off J Eur Union. 2009;151:7–10.

3. Nguengang Wakap S, Lambert DM, Olry A, Rodwell C, Gueydan C, Lanneau V, et al. Estimating 

cumulative point prevalence of rare diseases: analysis of the Orphanet database. Eur J Hum 

Genet. 2020;28:165–73.

4. Dharssi S, Wong-Rieger D, Harold M, Terry S. Review of 11 national policies for rare diseases in 

the context of key patient needs. Orphanet J Rare Dis. 2017;12:63.

5. Painous C, van Os NJH, Delamarre A, Michailoviene I, Marti MJ, van de Warrenburg BP, et al. 

Management of rare movement disorders in Europe: outcome of surveys of the European 

Reference Network for Rare Neurological Diseases. Eur J Neurol. 2020;27:1493–500.

6. Grier J, Hirano M, Karaa A, Shepard E, Thompson JLP. Diagnostic odyssey of patients with 

mitochondrial disease: Results of a survey. Neurol Genet. 2018;4:e230.

7. Mancuso M, Filosto M, Lamperti C, Musumeci O, Santorelli FM, Servidei S, et al. Awareness of 

rare and genetic neurological diseases among italian neurologist. A national survey. Neurol Sci. 

2020;41:1567–70.

8. Federico A. Rare neurological diseases: A Pandora’s box for neurology (an European and Italian 

perspective). Rev Neurol (Paris). 2013;169 SUPPL.1.

9. Stark et al. Scaling national and international improvement in virtual gene panel curation via a 

collaborative approach to discordance resolution. AJHG. Volume 108, Issue 9, 2 September 2021, 

Pages 1551-1557.

A
cc

ep
te

d 
A

rt
ic

le

https://www.sciencedirect.com/science/journal/00029297/108/9


This article is protected by copyright. All rights reserved

Legends:

Figure 1: European countries (in red) affiliated to the EAN where we have obtained responses of 

the survey. Numbers in bracket indicate the numbers of responders per Country.

Figure 2: NGS availability based on survey responders

Figure 3: Diagnostic WES availability based on survey responders

Figure 4: Diagnostic WGS availability based on survey responders

Supplementary file 1: The EAN Neurogenetics Panel Survey 

Supplementary file 2: The EAN Neurogenetics Panel Survey  Results
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