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We recently established an external quality assessment (EQA) scheme for next-generation sequencing (NGS) diagnostics in rare
neurological disorders (RND) in collaboration with the EMQN. The first assessment rounds revealed limitations and variability in the
quality and completeness of genetic testing reports. To improve and harmonize reporting in NGS-based diagnostics for RND, we
identified 28 topics requiring recommendations based on EQA findings. These topics were grouped into four areas: clinical
information, interpretation, methodology, and reporting. A team of 31 experts with relevant expertise was formed. Using an
adapted Delphi approach, two rounds of surveys were conducted to prioritize the topics. Subsequently, area-specific expert groups
met to formulate recommendations, followed by a final approval round using the five-finger consensus method involving all
experts. In both Delphi rounds, all topics were rated as either very important (n = 12) or important (n = 16), and all were advanced
for recommendation development. Consensus recommendations were achieved for 27 of the 28 topics. These include guidance on
gene panel composition and updating, addressing disease-specific limitations of NGS (e.g., repeat expansion disorders), defining
minimal quality parameters, and promoting sharing of variant interpretations. Each recommendation is supported by real-world
examples. Due to differences in national healthcare frameworks and policies, consensus could not be reached regarding which
patients should or should not undergo NGS testing. The dissemination of these recommendations is expected to improve the
quality of genetic testing and reporting in RND diagnostics, promoting harmonization across laboratories and enabling easier
comparison and interpretation of genetic testing reports.

European Journal of Human Genetics (2026) 34:1503-1512; https://doi.org/10.1038/s41431-026-02198-4

INTRODUCTION genome sequencing increasingly serve as first-line diagnostic
Next-generation sequencing (NGS) technologies have become a approaches, the reliability and reproducibility of NGS-based
foundational tool in the diagnosis of rare neurological diseases testing have become critical to ensuring equitable and accurate
(RNDs), offering a rapid and cost-effective means to address their diagnoses for patients with RNDs [4, 5]. The complexity of NGS
significant clinical and genetic heterogeneity [1-3]. As exome and workflows—including library preparation, sequencing quality and
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depth, bioinformatic pipelines, variant interpretation, and clinical
reporting—often results in substantial interlaboratory variability,
which may result in disparate testing outcomes for patients across
different institutions and countries [6, 7].

The European Reference Network for Rare Neurological Diseases
(ERN-RND), established in 2017 [8], has prioritized improving access
to high-quality genetic testing throughout the European Union (EU).
As part of this mission, ERN-RND has implemented an external
quality assessment (EQA) scheme for NGS diagnostics, which has
been in routine annual operation since 2021 [7]. Notably, significant
differences across laboratories performing genetic testing for RNDs
were observed in all major areas, including methodological aspects,
data interpretation, and reporting [7]. There is clearly a need for
further harmonization by developing minimal standards for NGS-
based diagnostic testing in RNDs.

While several broad guidelines for the major areas of NGS-
based testing already exist [9-11], RNDs share several particula-
rities that make them distinct from other genetic disorders. These
include: (1) a relatively high diversity of mutational mechanisms,
including single-nucleotide variants (SNVs), but also structural
variants such as repeat expansions, (2) a high rate of genetic and
phenotypic heterogeneity [12], as well as, (3) specific clinical
context considerations, e.g., for (predictive) genetic testing in
adult-onset neurodegenerative disorders. Furthermore, the avail-
able guidelines for NGS testing are often based on the
participation of experts in the field of molecular testing, whereas
we anticipate that the involvement of stakeholders from more
diverse backgrounds could assist in developing guidelines that are
better adapted to the practical context of genetic testing.

To address these gaps, we developed comprehensive recom-
mendations to standardize the processes of NGS-based diagnos-
tics in RND, based on the participation of experts from diverse
fields. The aim of this work was to provide clinically oriented
practice recommendations for laboratories, clinical geneticists and
neurologists to support consistent, high-quality NGS testing,
interpretation and reporting in RND diagnostics across institutions
and countries.

METHODS
The process of development of best practice recommendations is
presented in Fig. 1 and detailed in the sections below.

Identification of topics for recommendation development

We based the topic selection for the recommendation development on the
outcomes and experience from the EQA scheme for diagnostic NGS in
RNDs, which has taken place annually since 2021 [7]. During this process,
28 areas of need for clear recommendations were identified (Table 1) and
ultimately, for 27 topics a consensus could be reached (see Results
section).

Formation of the working group

The working group (WG) was assembled to ensure a diverse representation
of stakeholders participating in the process of genetic diagnostics of RNDs
(Supplementary Table 1). Experts participating in the consensus process
were selected from the European Reference Network for Rare Neurological
Diseases (ERN-RND), a network of nationally designated centres of
expertise for RNDs across Europe. Participants were selected to ensure
representation of all key areas of expertise relevant to RND diagnostics and
care, including clinicians, laboratory specialists, researchers, patient
organisations, academia, industry, professional societies, EMQN, and ERN-
RND. The composition of the group was further designed to achieve broad
geographical representation across Europe and comprehensive coverage
of the main stakeholder groups involved in NGS-based diagnostics.
Selection aimed to ensure broad geographical and institutional represen-
tation in order to reflect differences in institutional practices and national
legal frameworks relevant to genetic testing and reporting. The final expert
panel represented 11 European countries. Potential conflicts of interest
were considered during the expert selection process and during
development of the recommendations. Experts participating in the
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consensus process were formally involved throughout the guideline
development process and were specifically contacted during each Delphi
round to encourage continued participation and minimize participant
attrition. As a result, attrition between rounds was limited and did not
substantially affect the overall geographical, institutional or disciplinary
representation of the expert panel.

Stakeholders engaged in the recommendation development process
included members of the EQA organizing and performing team (n = 3),
specialists in neurology and clinical genetics (n=7), representatives of
patient advocacy groups (n=1), legal experts (n=1), professionals in
quality assurance (n=3), delegates from relevant professional bodies
(n=75), experts in sequencing and data analysis (n=3), and experts in
clinical variant interpretation (n=28). The WG members were formally
invited and were included in the WG following their acceptance. They were
assigned to four focused WGs based on their area of expertise. Seven to
nine members of each group focused on: Methodology (n=7),
Interpretation (n=7), Reporting (n=9), or Clinical Implementation
(n = 8) (Supplementary Table 1).

Prioritization of the relevant topics

In a first step, all WG members were asked to assign importance to each
topic selected by the organizing team. Two Delphi rounds were under-
taken to achieve this. The first Delphi round was initiated in May 2023,
when the WG members were asked to prioritize the broad areas of
recommendations and vote on the importance of selected topics. All WG
members were asked to rank the importance of topics on a 5-point scale
(1 =very unimportant to 5= very important). The panelists’ responses
were then used to calculate the levels of importance. An average
importance score was assigned to each topic. During this stage, we also
asked participants to provide additional comments for topic formulation.

The second Delphi round was conducted in February 2024, allowing all
WG participants to reassess the topic’s importance based on the results of
the first Delphi round. For this, the panelists were informed about the
median importance score of all topics and their own previous rating. Only
the panelists who responded to the online questionnaire in the first Delphi
round (n = 27) were asked to respond to the ranked topics in the second
Delphi round. An identical 5-point scale was used to re-score topics.

Complete responses from all participants were obtained at each stage of
the Delphi process.

The topic was considered sufficiently important if the mean score of a
topic exceeded an average value of 3.5 and if the majority of the votes
rated the topic as “important” or “very important”.

To facilitate the process of drafting recommendations, the 28 topics
selected during the survey phase were assigned to four thematic
categories: Methodology (n = 7), Interpretation (n =7), Reporting (n = 8),
and Clinical Implementation (n=6). These categories reflect the major
aspects of the diagnostic NGS process.

Development of the best practice recommendations

The recommendations were initially formulated by each focused WG. In
November 2024, the coordinating member of each focused WG defined
the strategy to formulate recommendations, either in an initial WG
meeting or by forming a draft version of recommendations, which was
provided to focused WG members for rating and comments.

After draft recommendations were prepared by the focused WGs, they
were disseminated to all WGs using an online questionnaire, where all
members could vote on their agreement with each statement and provide
optional comments on their vote. All members of WG could rate the
statements with a score ranging from 1 to 10 (where score 1 indicated
complete disagreement and score 10 indicated complete agreement). The
ratings obtained in this manner were used to select statements for
consensus discussions in the final WG meeting.

For the final recommendation harmonization, the topics rated with an
average score below 9.0 were selected for further discussion. These topics
were presented at the final consensus meeting, held in May 2025, where
participants could discuss their opinions and propose amendments to the
statements. The “five-finger” consensus method was employed to facilitate
participatory decision-making for reaching a consensus on the recom-
mendations [13]. Participants indicated their level of agreement with a
proposal by voting on statements with a score of one to five (“fingers”),
where a score of 5 indicated full agreement and a score of 1 indicated full
disagreement [14]. A consensus was reached when all WG participants
voted with a score of 3 (“will go with the group’s decision”) or more on the
statement. When a participant expressed disagreement with a score of 1 or
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Fig. 1

2, they were asked to propose modifications to the statement, after which
another voting round was conducted until a full consensus was reached.
WG members who were unable to participate in the consensus meeting
were followed up by email using the same procedure. If no consensus
could be reached, the topic was left without a recommendation.
Mapping between Delphi-prioritized topics and the final recommenda-
tions is presented in Table 1, in which each topic directly corresponds to
the associated recommendation identifier and thematic working group.

RESULTS

Altogether, 31 members representing diverse aspects of genetic
testing were included in the WG to develop best practice
recommendations for NGS-based testing in RND. The majority of
recommendations were developed within focused WGs consisting
of seven to nine members with expertise in (at least) one of 4
principal fields: NGS methodology, variant interpretation, diag-
nostic reporting, and the clinical use of NGS-testing results.

Selection of areas of importance in NGS testing of RNDs

Initially, potential topics for the development of recommendations
were selected based on the weaknesses observed through the

European Journal of Human Genetics (2026) 34:1503 - 1512

The process undertaken to develop best practice recommendations for NGS-based testing in RNDs.

EQA scheme within the ERN-RND network. Subsequently, WG
members were asked to prioritize the topics where the need for
harmonization is most pronounced. The results of the two-tiered
Delphi survey indicated that the majority of WG members viewed
all issues recognized during provision of the EQA scheme as
important (n = 16) or very important (n = 12). The topics and the
results of the Delphi second round are presented in Table 1.

Best practice recommendations for NGS in genetic diagnostics
of RNDs

Altogether, 28 recommendation statements were formulated by
four focused WGs, addressing the fields of NGS methodology,
variant interpretation, reporting and clinical implementation. These
were delivered to the full WG to reach consensus. The initial voting
round revealed a high rate of consensus for 21 statements, reaching
an average score above 9.0. The remaining 7 statements were
further discussed in an online WG consensus meeting or by email
with members who were unable to participate in the meeting, using
the 5-finger method to measure and reach consensus. Modifications
were included in six of these recommendations, and consensus was
reached (all WG members voted at least with 3). Notably, for the

SPRINGER NATURE

1505



A. Maver et al.

1506

‘sasoubelp passiw bunuanaid pue Kjiea

sanss| Yons buneipawal pue buikyauapl ul Alojeioge| ayy isisse
pino> uonepijea suladid sunnoy ‘sisoubelp passiw e 01 pa| dais
sisAjeue juelieA 8y Ul S|9pul Jo uol3d919p Jood ing ‘buidusnbas
awoxa Ag pa1sal sem eluolsAp pardadsns yum jusned vy

‘sasoubelp

Passiw ploAe 0] [enUassa I (10) 1yBnos a1om siuelien Awsejdossray
-MO| JI pue pasAeue 2I19M SJUBLIBA [BLIPUOYDOMW JI UoNIeIe|DSp
‘9sed siy3 ul) sdais [eonkjeue jo Buipiodas Jes|) “Ino pasly Ing
elep [eulbuo sy ul ussaid usaqg pey Yyoiym ‘YN [eHpUOyd01IW
9y1 Ul JuelieA dluaboyied Jusiindal B PajeaAas aNssly Jayloue Jo
Bunsal Juanbasqns “1odas aanebau e ul bunnsal ‘0L Mojq olel
d1|9]|e U Yum spuelieA no buuejy asuljdid e buisn paisal Ajjeniul
sem (0000%S WIWO ‘SYTIW) saposids a31|-23041s pue ‘sisopide
o11oe| ‘Ayredolwojeydadus [epuoyd0liw pa3dadsns Yim jusied y
“J0das 9y} Jo sbuipuy urew ayy

ul payybijybiy ‘ANARISUSS UONDSIBP AND UO uonewojul buipnpul
‘6unsal dn-moj|oy 1oy dduepinb apiroid pue suonelwl| yans
@1ed1pul Al4ea)d pnoys siioday ‘pasoubelpun juaned ayy buiaes|
‘suoned||dnp/suona[ep uoxa 3|6uls 10} pajepljeA J0u sem wyiiobje
Buile>-AND s,f101e10qe] 3YL (911009 WIWO ‘Ad JO W0 SAISSSI3]
|ewosoine ue 03} pjjulf sI N}§d) ANS UORIUNI-JO-SSO| NYHd
snobAzois13y 9)buls e Ajuo Buieasal ‘Buidusnbas swoxa Buisn
pa1ebisanul sem 1usned (Qd) 9seasip suosuiiied 19suo-Alies uy

‘bunsal dn-mojjoy spinb 01 |enusssa
2102493 SI souPwW Aljenb oydads-juswiadxs jo bunaodas ses|d
‘L uox3 ui jueneA dlusboyied Jayjoue passiw abesdan0d Buldpusnbas
awouab MoJ (652209 :WIWNO ‘DdS JO WIO) DAISSIII [WOSOINe ue
0} payul| SI /DdS) P312313p JuBLEA /D4S dlusboyied snobAzolsiay
91buls e Ajuo pey SO\ Aq paisal Jusned (Dds) eibsjdesed dnseds vy

‘Bunssy dn-mojjoy s1eudoidde sinsus

0} A1essadau aJe suoisnjpuod Asewnd syl ul suoldNAsul Jes|d
‘duepinb dn-moj|o} Jes|d payde| odas syl pue passasse A|qel|al
J0uU sem uoisuedxa [H4Y ‘A nsa4 bupuanbas swoxas aAnebau

e pey (S/StL9 IWIWO ‘SYANYD) SWOIPUAS eixa|jale Jejngiisan pue
‘Ayredoinau ‘eixeie Jej|9gaiad pardadsns yum jusied pjo-1eak-65 v

‘Aejap onsoubelp

e pajuanaid aney pinom Hunssy dn-mojjoy pue sadAy Juenea
passiw Ajjennuarod uo acuepinb Jes|d (00LEYL WNIWO) uolsuedxs
pajeja1-aseasip uolbununy e paynuspl Jale| Jeak e bunssy

-3J ‘pawlioyiad Jou sem UO11I13p uoisuedxd asnedaq aAnebau
pauJnial bupuanbas swoxa Aq paisal ealoyd yum uaned vy

‘sasoubelp passiw pIOAR 0} PapPa3U 31042434} S| sjdued jo Bunepdn
aunnoy '[8L ‘L] buudsyo omi Aq paiayul jJueuea dlusboyied
pa13319pun ue o) buipes)| ‘(tzoz Ul susb gd se psppe £26029
INIO) JUBLIBA ZEGYY PasSIW e ul paynsal yoiym ‘|dued ausb £zoz
e UYUM GZOZ Ul p33sa) sem (Qd) 9seasip suosuniied yum juaned vy

‘sasoubelp

passiw Buiziwiuiw Agaiay) Qualuod suab JuaLINd INSUD

ued ddy|aued ay1| suonn|os jo asn ay] ‘[£] paiepdn Ajenbas

10U aJe sjaued asNoY-ul JI PassIW 9 Aew syueLieA JueAS|a1 A|jed1ul|d
1Byl umoys sey awayds ANY-NYI Y3 Yam acusuadxe ay)

q(s>nsoubelp aNy aunno. ur Aujiqedijdde) uonensnyjr [eandeId

's9dA} JueLieA JUBAS|SI || U0} UONIEPI[eA Slelsuowsd
‘Ajiqinpoidal pue ‘Aydyidads ‘AlAnisuss 1ioday
(gVID ‘B9) s1aselep adUIPYUOI-YBIY Yim d1epljep

‘Aduaiedsuesy pue Ajigonpoldas ainsug
'S92IN0S UoleIoUUR pue pjing swouab AJads
‘pasn sia1dweled pue ‘SUOISISA 91MOS ‘S|00) 1ioday

sbuipuy

juepodwl WIYUOD pue spoylaw palepljea asn
'sasse|d

1UeLIEA PRJBA0D 31e1s ARIdIjdX] JueAs|as Ajjesiuld
UusayM SY1S ‘SAS ‘SAND ‘S|apul ‘SANS 1odai pue 13919Q

‘Aujigel|as

elep ainsua 0} soudwW Ayjenb Buijjes-3sod spnpuj
‘BunLyy/bul)jed

jueneA Qquawubie ‘Op :sonewlojulolq 2102 Alddy

‘(Buizis |4 ‘4Dd-dd

“B'9) suonepuawwodal usAup-adAiouayd apinoid
'sasse[d juelieA diusboyied

3|ge12919pun J0j Hunsal dn-mojjoy 1sa66ng

‘papasu usaym sAesse Aiejuswa|dwiod puswIWOdDy
‘(dluonul

doasp ‘sy1s “6:9) Ajiqeded Aesse ui sdeb Ajiuap)
'S9sSe[d juelleA dy1dads Builda1dp Ul suoneywl| e1s

"9DUIPIAS JUBIDLYYNSUI YLM S9USB apn|dx3

's9lepdn 3Dk} 0) [0JJUOD UOISI9A 3SM

'sauab pajepijen Aimau eibayul Apdwold
‘wnwiuiw

1e £j|enuue ‘syyuow 9-¢ A19A9 sjpued auab mainsy

‘AuipljeA [ediulp buons yum ssusb aznuoud

's)sl| auab d11e1s o pPa1epPINO PIOAY

‘(ddy|aued ‘69) sjpued

auab d1weukp >ydads-asessip ‘parepdn Aueinbal asn
's2dA} Juenien pue ssusb pazAjeue suysp Apes|d

qSiudwale)s Aay

uonepijea suipdid
SDN 40} sjudwaiinbai pue
sa169je.)s 10} uollepUSWIWOIDY

pasn sauijadid
pue swiiobje >iewoulolq
3y} Uo ejep JO UOISIAOI]

ejep
SON jo sisfjeue ay3 ul sasjeue
>13eW.I04UIOIC PIPUIIXD JO dSh By |

pawuoyiad aq pjnoys
ey sasAjeue di3ew.ojuiolq Jo 33s
Jewuiw dY3 UO SUOIIEPUBWIWOIDY

Buiysa) paseq
-SON 03 Arejuswiajdwiod s3sa3 Jo
9SN 3y} UO UOIEPUBWIWIOIAI YL

|oued auab paskjeue
3y} ul papnpui sauab ayj 1oy
suonejw| pajeRs-SON buljpuey

judjuo0d [dued ausb
9y} bunepdn uo uonepuswiwWoddy

SANY jo bunsay
>139uab 10y (]dued) jJuajuod ausb
UOWIWOD [eWIUIW B JO uoniuyag

sidoj

'SANY Ul Bunssy SON 104 suonepuswiwodal Jo syulod A3y syl

S

obexs
SNsSuasuo)

8y

Ld

L]

Sy

12|

€Y

a

3.}

ai

ABojopoyiay

ABojopoyiay

ABojopoyiay

ABojopoyiay

punioday

ABojopoyisy

uoneasdiazul

|eawip

f10633e)

‘L 9lqel

European Journal of Human Genetics (2026) 34:1503 - 1512

SPRINGER NATURE



A. Maver et al.

1507

‘[€2] UouSIID LSAd Y3 Jo uonedijdde 3d3110dul 03 NP
Jlusboyied Ajdy1| se (9PL6L9 £8197D) JueleA Buiesunsy payiodas
AIsnoinaud e Ayssepdsiw Aew Buriods Adiusboyied pasiaiadnsun

1o pajewolny ‘[zz] Ad O} Paxul| Usaq J0U dABY SjueLIeA Bunesunsy
SNobAzo1a13Y djIym ‘S)uelieA asuassiw Woly AlAIDe seuny

DIYY1 paseainul aAjoAul 0) sieadde wisiueydsw 3seasiq ‘(09009
INIWO ‘ad) 9seasip suosujied dlusbouow jo asned jusnbaiy
A[9AnejRa e aie zyyy7 ul syuelea dlusboyled snobAzois1sH

‘[L2] (sedKrouayd

1DUnSIP 0) pes| ued suolsuedxa JUJISHYIP 1ey) bunou ‘a13y)
1X93U0D dYIdads-aseasip e Ul sbulpuly JSPISUOD 0} salioleIoge| JO
2cuepodwi ay) sayensn||i djdwexa siy] (#2900€ WIWO) SWoIpuAs
X 3|iBeuy pey sarybnep sy sjiym ‘pooyy|npe Jsle| ul (€2900€
INIWO ‘SYLX) SWoipuAs eixele/iowsi) pajeldosse-X a(ibed
padojaasp uos 3y ‘DD zZ8L-0ZZ YiMm Jarybnep e pue Do) €01
YUm uos e pey (99D ££) dI3][e L¥N4 uoneinwaid e yum Jaylow v
'SuoISIdAP

aA1dNpoudas pue sisouboid 10y [ed11D B4 YdIym ‘sazis 1eadau
QuIwIRp A[91eINdde JoU Aew SHN peal-1oys (00LEYL ININO
aseasip uojbununy “69) uoisuedxa dyidads e uoy ANjigeqoid
uoud e ybiy e si ausy) usym JuspYynsul st Ing ([02] %E L6)
s19pJosip uolsuedxa 1oy AHAIISUSS YbBIy smoys Busal paseq-SON

‘pa12adsns SI SYANYD usym Apenonaed

‘SI9PJOSIP Uolsuedxa J0j SON JO SUOIELIWI| 8] JSPISUOD PNoYs
sal03eloqeT (SLSL9 INIWO) SYANYD bBuisned suoisuedxa jeadais
1D4Y Buipnpui ‘syueliea [ein3dNnals xa|dwod ssiw [|Im SON peal
-}40Ys Ing ‘SAND Pue sjuelieA [[ews 12319p 0} bupusnbss swouab
s|oym Ajuea wouy 1yauaq Aew eixele payadsun yum jusned y

‘saAebau Ss|ey ploae 0} Huiissy dn-mojjoy puUsSWWOd3I

pue sdeb Hupuanbas jernuslod s1ed1pul pjnoys saloleloqe]
‘passasse A||ny usaq pey U uoissaidwi ayy buialb ‘jsued

Yl ul (4N paisl| Aiojeloge| ay] ‘buidusnbas |sued Aq uoibai
J10woud 4N dY3 Jo ainyded-uou 03 Snp Passiw sem (668/ 19
INIWO) LIW4N Ul luelieA sa1owoid Juanbaiy e iodas sAnebau e
paaidal AydonsApoyna| buneulplwodAy paadsns yim piyd v

"bunsay Joyuny 1o siskjeueal [enpuajod poddns pue

suepiul apinb 01 parels Aues|d aq pinoys eusid Aljenb jewnuipy
‘suonuaIRul A|dwn Buljgqeus pue (0£Z8Z L :WIWO) IUOISAP
aAIsuodsai-edop jo sisoubelp ay) Buiysijgelss ‘(3s9) SWoxd

|eniul 3y ul paIdnod Ajiood sem UYdIYym) [HDD JO UOXD 1Sy Y Ul
jueLeA dlusboyled e paynuapl bupusnbas swoxa pajeaday xQL
MOJ9q SUOIB3I JO 9%S< YlIM ‘96RISA0D snosUSBOWOY-UouU pajeanal
awoxa €10z 2Anebau e Ja)ye 9sed eluoISAp e Jo uolen|ers-ay

‘[61] SON peai-Hoys yum askjeue

0} }NdYYIP Ulewal SUoIBba) SWOS |elIUISSS S| ‘©6RISA0D JUIIDLYYNSUI
yum suolibai jo abejuadiad Buipnppul ‘oW DY Jo buiniodas
1USISUO)) ‘suolbal |ed1Id passanod Ajood aney ued (XpoL< “63)
abessanod ueipaw YBIy UM SSWOXS USAS pue ‘XQg 1e 3|qe1dalsp
sjuelieA ssiw Aew xQ| 3e Bupusanbss swouso "uoI3d319p JueLeA
Bundaye ‘saloleioqe| usamiaq A|epIm Aiea spjoysalyy abesanod

q(sonsoubelp aNy aunnou ui Ayjiqesdde) uonensnjj jedxndeid

|erluasse uonelaidislul [eaiuld pue abpamoud 1adx3
(syuenen Bupesunsy “6-9 121d13UlIBA0

Aew yoiym) sj003 parewoine Yim snoined ag
SaLus (1es

Z-1) ddusapyuod mo| 'dsa “4epuld uo Ajuo Aja1 jJou og
Jepuld

1| SISegeIeP pue SMIIAI BIA SSWODIN0 dIeys
(Sd3DA uanuld “6°9) sjpued 1adxs pjing pue Joddng
sa|dipund DY Mmojjo

pue paulejdxa JI 3|qeidadde ase swlsAs Ssnoy-u|
uolnedyissed

1UBLIBA 1O} SDUIIRPING DIADY |BSIDAIUN SN

*UOIIR[2140D [BDIUI]D PUE WSIDIeSOW J3PISU0)
'21n1e.all| 31ep-01-dn pue ssuldpINb snsussuod asn
's9|nJ dyYdads-sndo| pue ‘suondnuiLiul

Jaquinu 1eadas uo paseq suolisuedxa jeadais 12adid1u|

*SUOIIEPUSWIWIODAI [BDIUl]D 0} SUOIRIWI| YUl
'sypiodas Ul sjulesIsuod [edikjeue sAesse a1eis
'sadA} JueLIeA ||e 1O} SHWI| UOND3ISP dquIsag

‘paledIpul JI S1S9) [RUONIPPE PUSWIWOIDY
'SUOIIe}IWI| UOI}D9)9P JUBLIBA pue 3HeISA0D ulejdx]
‘Aunn pue adfjousyd

uo paseq SHM/SIM/[2ued Jo uoidsas ayy Ayasn

‘Papaau se BuiIsa) JaYlINy IO SISA|eueal pusWWOIRY
*92UspYuU0d d1psoubelp uo 1oedwi 33edipu|
‘abesanod ajenbapeur yum suoibas ybiybIH

‘uone}aidiaiulal 10y [IBISP [eIUYDS] JUSDLYINS SPIACI]
*so119W abessnod pue
‘YI6uUs| peas ‘poyisw JuSWYdLUS ‘wiofe|d spnjou|

*(dq 0zF suoxa “6'3) suoibas parabie) sauysq
‘(x0T

*69) pjoysaiyl wnwiuiw bupssw saseq 9, apnpu|
*96BI9A0D WNWIUIW pue uesw a3y} 1oday

qSudWale)s A3y

saullapinb uonelaidiajul Juerien
JO 3SN 3y} UO SUOIIEPUBWIWOIRY

sauljepinb uonelaidiazul
juelieA cypads-aseasiq

bunsa) paseq-soN Jo suonewi|
Syads-aseasip ayy ssaippy

SANy ul Bunsay
paseq-SHN J0j SUOIIEPUSWIIOIDI
Syads-aseasip peoiq auyaqg

ejep bupuanbas
ui sdeb ay3 jo jJuswabeuepy

odaa sy ui papnpul
9q 0} paau jey; siv3aweded
359} pue Ajijenb jewiuy

juswadxa bupuanbas
Y} ul passasse 9q 0} pasu
jey) sia3awesed Ayjenb jewnuy

sidoj

S

.obels
SNSUasuo)

SLYy uoneyasdiaju|

Ly uonejasdiayu]

[edru1d

€1y 1 bunioday

(4% ]

[edruid

LLY ABojopoyia iy

oLy bunoday

64 ABojopoyiay

ai

p=nunuod

Kio633e>

‘L °|qelL

SPRINGER NATURE

European Journal of Human Genetics (2026) 34:1503 - 1512



A. Maver et al.

*UOIIBPUSWIWODAI JUaIND 3y} Bunsoddns [| 1] payued

J3YnINy g UeD pue |elaal Yl YUM Ju)sIsuod Ajjediul)d ale

1eY3 SNA pue syuelea djuaboyed (A|2y1]) 01 syodas Buniwi| 3sIApe
burpiodas bupuanbas swousb 10) suonepusWIWOddL BuSIX]

'SUOIINUISUI SSO0Ide ADUDISISUOD
sainsus pue uonelaidisquisiu sadNpal (SODY “H9) sauldpIinb
2o110eid-1s9q yum paubije ‘buniodas pazipiepuels “odal siyy

uo paseq bunsal onewoldwAs-aid parsanbai saane|ay Alulerssdun
9y} buneis Aj4eapd noyum asned [enualod e se pajiodal sem
(7£2009 WIWO) LdVIW Ul SNA e pue ‘Bupuanbas swouab sjoym
JUSMISpUN ellUSWSP [eiodwialoluol) Yyim juaned pjo-1eak-1/ v

‘UOI3eWIOJUI [RUOINPPE WO} UOISNJUOD
9zZIWIulw 0} paJn1dnils pue ‘Aliea buipuy jediduud ayi bunybiybiy
Al1e3)d ‘2s1puod 3q pinoys sypoday Juswabeuew juaied
9jeudoiddeul pue sisoubelp 1331105ul ue 03 pa| bulpuy A3y sy
se SNA e bunaidisquisiy ' abed uo snA sdinw pue ¢ sbed uo
Buipuy jedipund syl yum 1iodas SoN abed-/ e paai@das uepIulD W

‘[9g] eixele dnseds 1oy duab [9AOU B SB JE[Sd/ Ysiiqeisa padjay
Bupjew-yojew ‘saseasip [ed160j0inau alel u| ‘syuelea buisned
-95e3sIp d1epl|eA 0} ‘SIdpJosip [euawdojaAapoInau Joy Alejndiied
‘Uo1easal Ul pasn A|9pIm a1e JaYdle|\iBuD) 31| S|00) Buijew-ydiep

‘uoijelaldiaiul JueLIeA SpING Ued SdUSPIAS SAIR|NWND

Bunos)j0d pue eyep snA buibueysx3 ‘[sz] dusboyled se

JUeLIBA 93U} PAYSI|eISD S1S9) [BUOIIDUN) PUB SDUSPIAS Paje|nwnddy
(8€£619 :NIWO) Wsiuosupyied-1owal) se Yyons SI9PIosIp JUSWSAOW
jusuiwoud spnpul 03 (0LZZL9 INIWO) |eIuswdojaAspoInau
Apueuiwopaid wouy adAjousyd ayy papuedxs syiodas

[BUOIIPPY ‘SNA dSUdssiw e Bulpn|dul ‘8LOT Ul SJUBLIBA ZSYYM
snobAzoi919Yy punodwod palued wsiuosupped-iowal) aAisuodsas
-edopons| 13suo-Al1es Yyam juaned y "s110s dAneIoge(jod ybnoayy
dlusboyied o1 papeibdn sem SNA B 2I9YM 1SIXd SISED SNoJSWNN

‘[] edKyouayd sapjiw

e 01 payul| L Ajuo Bundaye siuelleA Yum ‘swisiueydsw A11d1xol
-Jo-uieb pue Aouspysnsulojdey Yyloq saAj0AUl aseasIq ‘(L09Z8L
INIWO) unseds-/8IA PUe -L|A ‘SWI0JOSI OM) 109jje SIUBLIBA |SV/dS
J1uaboyied snobAzoisisy ‘(dSH) eibsjdesed dnseds Aieypaiay

uj 151X swiojos| urjoad sdinw Usym [es1Ld Si UOoIIed0| JUeLeA

q(s>nsoubelp aNy aunno. ur Aujiqedijdde) uonensnyjr [eandeId

£3y si syuaned

pue sueIUI YUM uoledlunwwod jussedsuel]
(Snyeys JaLued dAISSaIRA Adusnbaiy

-ybiy “69) s3Ns3I JULAI|RI A|[eDIUlD SpN|PX]
Aujiqixay

Jy1Dads-aseasip Yum sauljspinb |euoneulajul mojjo4
sbulpuy Buisnjuod Jo A1essadsuun plIoAY
Adilusboyled

s1ioddns 2ouapine buibisws 1 Ajuo SNA 3oy, 1oday
(3ueasjas Ajjesiulp

aziyioud) apnpul 03 sjueleA ydiym auysp Apes|d

uoljeloge||od Jap10g-ssold oddng

SIX91U0D [ed1ul]d dyYdads 1oy AN|IqIX3)4 Uleluie|y
(SADH ‘DINDY) saullapinG [euoieulaiul mojjo4
2ouepinb

dn-mo||o} pue syjnsai uiepadun 1odas Ajpussedsues)
uoned|pul [endsal 0} sbuipuy yur]

Aoua1sisuod pue

Aue Joy ABojoulwID) pauysp-||9m ‘pazipiepuels sn

SMO[PIIOM/SDA1S JUDIBHIP 1Y 03 AY[IGIXSY) SWOS MO||Y
Ajjiqesedwod

pue uoneduNWWod saAoidwi 1ew.oy paziplepuels
uonelaidisyulsiw yuanaid ‘sbuipuy A3y ybiybiH
681SL OSI pue [67-/Z] DHST Yum

ublje ‘(|]9A3] |euoiieu) a1n3dNJIS wiojun abeinodul
SS2UISIDUOD pue Alied

104 1eWIO0} PaZIpJepue)s ‘Painidnils “es|d e moj|o4

1U9sU0d
1uaned 91| sanss! [edIY1D pue sadinosal Agq papino
suonipuod

3|qeuonde Ajjenualod pue snA 104 [nydidy Ajjedadsy
(sauab payiodas

Ajusdal Jo [aAou Joy Ajenoiied) Alpijea asessip
-ouab ysijgelss pue uonelaidislul JueleA snosdwi
01 JeAul]D apisbuole syiomidu buijew-ysiew asn

3|qissod Ji ‘uonewuoyui didAlousyd spiroid
uonedyisse|d> ajepdn

pue 25uapIAS Jayieb 01 SNA 104 Jueriodwi Ajjedads]
MO[IOM |eutalul JnoAk ul Buleys apnppu|
S91IUNWIWOD YdIe3sal

pue dnsoubelp ulyym suonelaidialul Jueliea aleys

M3IADI JU3D3) + [eUIBLIO 311D ‘SjUBLIBA UMOUY

-||9Mm J0J ‘3|qejieAe aie Ma) e Auo Ji ‘suiodai jje 1si]
suoned spiroid

pue ‘paysijgnd A|snoinaid sem juelieA syl Ji a1edipu|
A1s1eA 1591 ‘sywi| uondipaid

‘sapusanbauy cydads-uonejndod :sjjejiid 10j 1IN0 ydiep
K)1sobAz ‘uonebaibas

‘51591 |eUONIDUN ‘UOIRAISSUOD ‘suondipaid

odl|is-ul ‘Aouanbaiy JuelieA uo ojul SpINOId

abenbue|

uteld u34a1d Inq ‘pasn eLRId HNDY UOIUSI

qSiudwale)s Aay

yodai 03

SJUBLIBA 3Y} UO SUOIIEPUSWWOd3Y

fnBique aziwiuiw o) abenbue|
buniodas piepuess jo asn ayy

syodas bunsay
-SDN 243 JO JUSUO0D pue jew.ol

Bulieys-eyep

ybnoayy sjusned jo sswodino
3y} ano.dwi 0} s)Iomiau
Bunjew-ydjew jo asn ayL

suonedyissepd juenea buleys

sjueLieA paynuapi Ajissepd o3 pasn
aduapIns jo Huniodas dnewsishs

sidoj

1508

European Journal of Human Genetics (2026) 34:1503 - 1512

SPRINGER NATURE



A. Maver et al.

1509

‘[€€] uonesyisse|das 03 pes| pjnod Hunsal dn-mojjo) usym a1edipul
pue sapijod buniodas SNA 1Y) a1eis A4espd pjnoys saojeloqe]
‘SNA Buniodas papnpoxe Ad1jod Aiojeioge| syl Ing ‘uonedyisse|dal
J31lJed pajqeud aAeY pNod salpnis uonebaibas ‘buidids

dluonul bundaye (109Z8L NIWO) JUBLeA [SJS dluaboyied Ay
e pajEaAd) UoIe)aIdIRluIRl U91e| SIEd) "1odas SWOoXd dAneHau

e panlddal Ajjenur eibajdesed dnseds Aieypasay yum juaned y

‘[z€] Wuswabeuew pue HulesUN0d dn-Mo||04 DINSUD ISNW SWISAS

2Jedyyeay pue quasuod Jadoid aiinbai saydeoidde paseq-SON
‘sisoubelp |el19)94 8Y3 0} pajejaiun sbulpuy paydIjosun Ayauspl ued
BuIsa) 2139USB eyl PaWIoUl 3G PINOYS S|euolssajold pue sjusied

‘[L€] SIsAjeue-a1 Jo anjeA ayy
Bunybiybiy ‘syusned ppE9 I9A0 JO %9°ZL Ul sisoubelp Jejndajow
e papinoid wniIosuod gyY-aA|0S 9yl Aq sisAjeue-a1 d13ewdlsAs

‘Juswabeuew jusned 1oedwi Aew 1eyl SUOUSAISIUIL
13nadesay} JUSUIWIWI IO d|ge[IeAR PUR 4{SII 9DUSLINIAI ‘DduedYul
JO apow uo duepinb [eUISSS PN[PUl P|NOYS SaLioeloqeT]

‘[0€] suondo juswiean ajqejieAe ybiybiy
pue 43puab uo spuadap sduesipuad eyl ajou ‘sajdwes [eualed
ul bupuanbas dn-moj[oy 10} pasu dY) 3ledipul pjnoys Alojeloge)

Y1 “(0£Z8Z1 :WIWO) eluoisAp aAIsuodsai-edop pajeidosse-;HHo
J1o4 "buibus|eyd aq ued Juswabeuew Joj adueAsas sl Buluiwislsp
‘110day Buisel d211vUb e dAIPIAI uePIUlD pue jusied e UBYA

q(sonsoubelp aNy aunnou ui Ayjiqesdde) uonensnjj jedxndeid

SJUISUOd
juaned ji Ajuo A|@1esedas snA 1odas Ajjeuondo
sjuaned pue suepiuld

wlojul ‘Bwi} JI9A0 SNA AJISse|dal pue Jojuop

SNA Bunodas usym Buiesunod diausb puswwodsy
A1391xue pue uoisnjuod

juanaid 03 Buniodas sNA Aiessadauun ploAy

sysu

pue syysuaq bupuejeq buniodal Juspuadap-1xa1uo)
saldljod bunaodal

SNA @1e3s pue suone|nbal dydads-£13unod mojjo4
S)ul| 9seasip Buoils JO SISED [edIul|D JURAD|DI

01 11 Jwl| ‘SNA Buniodsi 1oy euL1ud Jesd suysg

sbuipuy paudijosun

buibeuew 1o} sqe| ssoide sjod010id Szipiepuels
suone|nbal [euoneu(iaiul) Mojjo4

1593-1sod pue -aid Buijesunod divusb Jadoid ainsug
sbuipuy pajuemun jwi| 0} sjpued [enlIA 9sn
A1d1xue jusned aziwiuiw 03 SNA dPN[IXd

‘sbuipuy ajgeuonde/iueaslal Ajjediuld Ajuo 1iodsy
Buiesunod 31s91-a1d Huunp syuasuod Apidijdxe
juaned ayy JI Ajuo sbuipuy paidijosun 1oday

sabusjjeyd jusasuod jusned usapisuod

sbuipuy

SNA 40 9sed ayy ul Aenonued ‘abueyd ued pue
Loysdeus, e si uonelaidialul Jueliea 1eyy aedipu|
uonejaidianul

|ed1uld sabueyd uonedyisse)d Ji syiodas alepdn
uopieyaidisiuias aining dipy Aew sauiadid paseq-|y
d|qiseay J1 sieak

T A19A3 uonelaidisiul-al oy wie ‘SNA Joj Juepodu)
(suonelaidiaul parepdn) [9A9] JueLieA

pue (souab aseasip mau) 93] auab :s19ke] om|
9DUBPING MBU Bunreibajul

Aq sasoubeip mau 0} pes| ued uolelaidiauiRy

pasn>oj-uemiulp/ausned syodas dasy

A|91e10das palols g p|noys elep |ed1uyda) pajiersg
suolNsul

SSOJIde duojepue)s 3|gesn aq p|noys slioday
BbuiAydwisiano

ploAe ‘A>eindde dyiualds pue Aljigepeas aduejeg
suoijeue|dxa Jaug Yum suepiuld

J132US6-Uou pue S)SPIBUSG 10y s1I0das 21NN
Buipueisispun ainb uoy

juoudn sbuipuy A9y Jo Alewwns as15U0d e IPINOId

3Jed juaned

pue uoniedluNWwWod ‘Ayied sanoidwi uolezipiepuels
saulPpInb [ed1ulp

1531e| 341 Yyum ubije pjnoys adiApe juswabeuely
(SNY3) $}4iomiau

19dxd 03 J9j21 pue suondo jJusawieal) aiedipu|
(s1skjeue

uonebaibas “6'3) papasu Ji Bunsal Jayiny SSIAPY
apew s| sisoubelp

e uaym Bulasunod d13pusb puswiwodal skem|y
2ouepinb

|e21Uld [e13USSS YUM duojepuels g pjnoys syoday

qSudWale)s A3y

asuedyiubis
uleyadun jo sjueriea jo bunioday S [-Y4'] funioday
Buns9y
paseq-SON ui sbuipuy paipdijosun S sad bunoday
ejep SON a3 jo uoneyasdiauiey S [74"] uonejasdiayu]
(auardaa
ay3}) aduaipne 3ab.e) ay) 03 3odais
3y} ul uonew.ojul pue fyixajdwod
isnfpe 03 suolepusawILIOddY a forall Bfunioday
Jodai ayy ul papnpui
9q 03 a>uepinb pue uonew.ojul
|ea1ul)d jo 39s jewiulw ay3 auyaqg S [44.] etn
.obels
sidoy FHTEHIT) ail Kio633e>
panunuod ‘L a|qel

SPRINGER NATURE

European Journal of Human Genetics (2026) 34:1503 - 1512



A. Maver et al.

1510

Practical illustration (applicability in routine RND diagnostics)®
A 4-year-old with subtle early ataxia underwent exome
sequencing, including CNV and repeat expansion analyses,
revealing only a single heterozygous pathogenic variant in the
NPC1, associated with Niemann-Pick disease type C (OMIM:

Include heterozygous variants in recessive conditions

Report carrier status only if relevant to the clinical
when the second variant is missing and the
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257220), an autosomal recessive neurodegenerative disorder.

phenotype fits or the referral phenotype is highly

specific

Follow-up Sanger sequencing identified a second splice-region
variant missed by NGS due to a homopolymer stretch [32].

Miglustat therapy was initiated [33].

For carrier status as an unsolicited finding, follow
patient consent and report only the recommended

genes

Avoid reporting unrelated carrier status except for

reproductive counseling

Ethical and informed consent considerations are vital
Recommend genetic counseling to guide patients

@ S - Consensus reached based on the high consensus score of the statement; D - Consensus reached after additional discussion and/or amendments required before final harmonization.

® Detailed clarification of each recommendation along with extended presentation of clinical applicability examples are provided in the Supplementary Information text.

ACMG American College of Medical Genetics and Genomics, CANVAS cerebellar ataxia, neuropathy, and vestibular areflexia syndrome, CNV copy number variant, FXTAS fragile X-associated tremor/ataxia

syndrome, HSP hereditary spastic paraplegia, MELAS mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes, mtDNA mitochondrial DNA, NGS next-generation sequencing, OMIM Online

Mendelian Inheritance in Man, PD Parkinson’s disease, QC quality control, SNV single nucleotide variant, STR short tandem repeat, VUS variant of uncertain significance, WGS whole genome sequencing.

criterion on “The clinical context of NGS-based testing” no
consensus was reached. This topic was rated high, ie., “very
important” in Delphi, however, the discussion revealed that there
were insurmountable discrepancies in the idea to restrict NGS-
based testing to preselected patients, for instance, based on
phenotypic features or disease onset. Therefore, the summary of the
recommendations in Table 1 (key points) and Supplementary
Information (full recommendations with examples) lists only 27
recommendations.

DISCUSSION

To our knowledge, this work presents the first set of expert
recommendations specifically developed to improve and harmo-
nize NGS-based diagnostics for RNDs. They address major
components of the genetic testing process—including methodol-
ogy, interpretation, reporting, and clinical implementation—and
are the result of an interdisciplinary participation of diverse
stakeholders involved in genetic testing of RNDs.

By engaging 31 professionals from diverse domains—clinical
genetics, neurology, bioinformatics, laboratory diagnostics, quality
assurance, and patient advocacy—we ensured that the recom-
mendations reflect the complex and multifaceted nature of
genetic testing for RNDs. This diversity of expertise helped align
technical standards with clinical utility, laboratory feasibility,
ethical frameworks, and patient-centered care. Importantly, the
process also included participants affiliated with multiple profes-
sional organizations and societies, including the European
Academy of Neurology, the EuroGentest committee at the
European Society of Human Genetics, the Movement Disorders
Society and the EMQN, facilitating broader alignment with existing
European and international standards as well as - by endorsement
- supporting the take-up of the recommendations by genetic
diagnostic laboratories in Europe and globally.

The recommendations were developed through a robust and
well-established process that facilitated consensus among a
diverse set of experts from 11 European countries. The process
began by leveraging insights from ERN-RND EQA scheme [7]—an
initiative that has revealed significant variability in current
diagnostic practices. Based on this experience, we identified 28
relevant topics that require guidance and harmonization. We
applied a two-tiered Delphi approach to prioritize these topics,
ensuring that all recommendations address areas identified as
important by the diverse group of experts. The recommendation
statements were developed through focused WGs, and consensus
was achieved using the five-finger consensus method, which
allowed for participatory decision-making and ensured agreement
across all members of the WG. A consensus could be reached for
all items but one recommendation, as there was no approval on
the question of whom to test (clinical context). While some
participants felt it would be important to restrict NGS-based
testing to patients with a high likelihood of a monogenic cause,
e.g., early-onset, familial, syndromic, or complex/atypical neurolo-
gical presentations, and avoid testing sporadic, late-onset, or more
common phenotypes without an established clinical indication of
a genetic disorder, others favored to omit any limitations here and
allow NGS-based testing as the first tier genetic test, and to leave
economic circumstances and available resources guide the
selection of patients to be NGS-tested [15, 16].

We anticipate the immediate applicability of the developed
guidelines and will monitor their use in future rounds of NGS-
based EQA schemes in ERN-RND. As such, they will serve as both a
framework for evaluating current practice and a set of measurable
targets for improvement. This immediate feedback loop between
recommendations and implementation provides an opportunity
not only to assess but also to actively improve the quality of
diagnostic services across and beyond the ERN-RND network. As a
matter of fact, this aligns with the principal modus operandi of
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ERNs: basing the development of a healthcare intervention - i.e.
the recommendations - on an analysis of the heterogeneity and
inequality of a healthcare service provision in Europe - i.e,
diagnostic NGS testing of RND patients - as well as using the
measurable target - i.e, the ERN-RND NGS EQA - for both a
measurement of the effect of an intervention and to improve the
intervention as such. Moreover, we envision the recommendations
as a foundation for harmonized genetic reporting practices across
Europe, promoting diagnostic consistency, clinical equity, and
cross-border interoperability. The European Academy of Neurol-
ogy has already endorsed the present document.

The recommendations also address specific needs of the RND field
that are not sufficiently covered by existing general NGS guidelines.
For example, they account for the frequent presence of complex
mutational mechanisms, such as repeat expansions, the high degree
of genetic heterogeneity, and the clinical challenges associated with
testing in adult-onset neurological conditions. Furthermore, they
emphasize updating gene panel content, reporting disease-specific
technical limitations, ensuring the attainment of minimum quality
parameters for sequencing, and encouraging the sharing of variant
interpretations. To promote the applicability of the guidelines and
clarify the rationale for their inclusion, we also provide real-world
examples to support their implementation in clinical laboratories
(Table 1 and Supplementary Information).

Although we employed a rigorous guideline preparation
procedure, there are limitations that should be considered. First,
despite efforts to ensure broad geographical and multidisciplinary
representation, some degree of selection bias may have been
introduced through the inclusion of experts primarily affiliated with
ERN-RND-associated centres and collaborating institutions. Second,
the composition of the expert panel may have influenced the
prioritization and interpretation of recommendations, reflecting the
clinical, technical and regulatory perspectives represented within
the group. Finally, as with all Delphi-based consensus approaches,
the recommendations are influenced by expert opinion and
consensus methodology, which may not fully capture all regional
practices, institutional workflows or emerging evidence.

In summary, this work represents a comprehensive, consensus-
driven, and implementable effort to establish a quality-controlled
standard of genetic diagnostics in RNDs. Through direct integra-
tion into the RND NGS EQA scheme and alignment with
stakeholder priorities, these recommendations provide a blueprint
for both measurable improvement and long-term harmonization
in NGS-based diagnostics across Europe and beyond, thereby
contributing to improved patient care.

DATA AVAILABILITY
The data that support the findings of this study are available in the supplementary
material.
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