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Abstract
Background and methods  The organization of care profoundly impacts the variability in the quality of care 
provided to patients and the equity of access to care. The lack of coordination of care, of communication among 
healthcare providers, healthcare professionals, and patients, and the duplication of services provided to the patients 
represent some paradigmatic examples of organizational barriers to deliver high-quality patient-centered care and to 
promote equitable access to healthcare services.

Patient care pathways (PCPs) are valuable tools for the (re)design and the (re)definition of the provision of healthcare 
services to patients.

This work represents the first application of the RarERN Path© methodology for the (re)design of Patient Care Pathways 
(PCPs) to Ataxias, Dystonia, and Phenylketonuria (PKU).

The study was conducted with the support of Academic Partners and in collaboration with experts from two of the 
24 European Reference Networks for rare diseases (ERN RND and MetabERN).

Results  The application of some of the phases of RarERN Path© methodology enabled the translation of the good 
practices already in place in the centers of expertise into a common optimized PCP, one for each of the three diseases, 
integrating the expertise of some reference centers of excellence with the patients’ perspectives, and principally 
focusing on the organization of care.

Conclusions  The PCPs proposed for progressive ataxias, dystonia, and PKU provide insight into the value of 
specialized centers in diagnosing and managing patients with rare and complex conditions and are the results of a 
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Introduction
Delivering high-quality patient-centered care, promot-
ing equitable access to healthcare services everywhere 
in Europe, promoting the efficient use of resources, and 
favoring the economic sustainability of the healthcare 
systems are some of the main targets of the European 
Commission’s healthcare policy and the national health-
care systems in Europe. The lack of coordination of care, 
the lack of communication among healthcare providers, 
healthcare professionals, and patients, and the dupli-
cation of many services provided to patients represent 
some paradigmatic examples of the difficulty of achieving 
those targets [1].

These issues appear more evident in the care of rare 
diseases due to the limited knowledge and resources, 
which often lead to delayed diagnosis and treatment, 
the burden on patients and families, and disparities in 
outcomes.

It is well known that a good organization of care has a 
profound impact on the variability in the quality of care 
provided to patients and the equity of care access [2]. It is 
accepted that codifying the organization of the care pro-
cess provides better care to patients [3, 4].

The European Pathway Association [5] defines patient 
care pathways as “a methodology for the mutual deci-
sion-making and organization of care for a well-defined 
group of patients during a well-defined period.” Patient 
care pathways (PCPs) are valuable tools for the (re)design 
and the (re)definition of the provision of healthcare ser-
vices to patients [6].

PCPs can represent an organizational strategy for 
implementing and applying the Clinical Practice Guide-
lines (CPGs) nationally and within healthcare providers’ 
environments.

The aim of the present work was to apply the RarERN 
Path© methodology [7, 8] to design phase-oriented PCPs 
for managing the following rare and complex neurologi-
cal diseases, progressive ataxias, dystonia, and rare neu-
rometabolic disease phenylketonuria (PKU). The work 
was conducted in the framework of the European Brain 
Council (EBC) Value of Treatment (VOT) research proj-
ect on rare and complex brain disorders [9]. The VOT 
project looked at early intervention and explored the 
benefits of coordinated care by examining health ser-
vices, multidisciplinary care patterns (also addressing 
comorbidity), patient outcomes, and costs.

Progressive ataxias are a group of rare neurological condi-
tions [10] as: hereditary ataxias are a group including Fried-
reich’s ataxia, spinocerebellar ataxia, and episodic ataxia; 
idiopathic progressive ataxias, a group of forms of cerebellar 
ataxia associated with neurodegeneration of unknown aeti-
ology; specific neurological disorders, in which progressive 
ataxia is the dominant symptom [11]. Dystonia disorders are 
still labeled as rare diseases, although recent studies stressed 
that the prevalence was increasing. Indeed, the estimated 
prevalence of isolated dystonia in Europe is 16.4/100.000 
[12, 13]. Phenylketonuria (PKU) is a rare autosomal reces-
sive inborn error of phenylalanine (Phe) metabolism. In 
Europe, PKU prevalence is about 10:100,000 newborns, 
with a higher rate in Turkey and Ireland and a meager rate 
in Finland. In most European countries, the national new-
born screening (NBS) programs include Phe measurement 
[14].

Methods
RarERN Path© methodology
Developed in the framework of the European Reference 
Network ReCONNET [15] for designing an organiza-
tional reference model for PCPs in rare connective tissue 
diseases (rCTDs), RarERN Path© methodology is com-
posed of six consecutive phases, which are briefly sum-
marized below [7].

Phase 1
Mapping existing patients’ care pathways and collecting 
patients’ stories using a survey based on the principles of 
narrative medicine [16] and created in co-design in Eng-
lish with patients.

Phase 2
Merging each validated flowchart obtained in phase 1 
into a single optimized flowchart that illustrates a com-
mon PCP for diagnosis, treatment, and monitoring. 
Analysis of patients’ stories to identify the recurrent 
topics and specific comments related to patients’ care 
and pathways. The expected result of phase 2 of Rar-
ERN Path© is to integrate the list of needs and priorities 
related to care and care pathway extrapolating from the 
patients’ stories into the optimized common patients’ 
care pathway flowchart. 

co-designed optimized process integrating the good practices of the centers of excellence and expertise with the 
perspectives of the patients’ representatives. This integrated approach allowed for the re-design and optimization of 
the organizational dimensions of the patient’s care pathways.

Keywords  Neurological diseases, Rare neurometabolic diseases, Progressive ataxia, Dystonia, Phenylketonuria, 
Organization of care, Patient care pathways, Patient-centered care, Equity of care, European reference networks
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Phase 3
Reaching a consensus among the stakeholders on an 
optimized common reference organizational model for 
the PCP. 

Phase 4
Co-design of specific key performance indicators 
(KPIs) needed to assess the performance of organiza-
tional procedures, their impact on disease outcomes, 
and healthcare providers'economic and organizational 
sustainability.

Phase 5
Assessment, final refinement, and potential inclusion of 
additional KPIs and instructions that can be useful to 
implement the common optimized organizational model.

Phase 6
A pilot study is foreseen for applying the organizational 
model, collecting the KPIs, and identifying obstacles to 
using the organizational flow in specific contexts.

In the present work, a partial application of the method 
was carried out covering phase 1, “mapping of existing 
patients’ care pathways,” phase 2, “Design of optimized 
common patients care pathway,” and phase 3, “consensus 
on an optimized patients’ care pathway.”

Participants
In phase 1 and phase 2, patients’ representatives for pro-
gressive ataxias, dystonia, and PKU were involved using 
an ad-hoc survey as an alternative to the narrative medi-
cine tool.

The mapping exercise aimed at exploring the patient 
care pathway (PCP) involved Healthcare Providers’ 
(HCP) members of ERN RND and MetabERN and par-
ticipating in the VOT project.

Data collection has been carried out between April 
2021 and December 2021.

Mapping exercise and data analysis
Ad-hoc questionnaires containing semi-structured ques-
tions exploring the organization of care for patients with 
progressive ataxias, dystonia, and PKU into the HCP spe-
cialized units were presented and discussed and refined 
together via video call and then sent by email for review 
and comments. These included two main topics: (a) a 
detailed description of how the care pathway is orga-
nized and managed, distinguishing the patient access to 
the specific unit, the procedures implemented for the 
diagnosis of the disease, the treatment(s) managed, the 
monitoring/follow-up; (b) the sharing of good practices 
in the coordination of the care between the expert cen-
ter and non-hospital care, and the barriers and challenges 
in the organization of care for patients affected by rare 

neurological diseases. The English version of this survey 
used in the study was reported as a Supplementary file 1.

Respondents to the survey were European experts in 
the fields of PKU, dystonia, and ataxias from three Euro-
pean metabolic units in Ireland, Spain, and the United 
Kingdom treating children and adult PKU patients; four 
European reference clinics for Dystonia in Croatia, Ger-
many, Italy and the United Kingdom (UK), and three 
European specialist Ataxia centers (SACs), in Germany, 
Italy, and the UK.

Moreover, patient perspectives were included by 
involving in the mapping exercise the patients’ represen-
tatives of the PKU Association of Ireland, the patients’ 
representatives of the German PKU Association (DIG 
PKU), the patients’ representatives of the Ataxia Associa-
tion of the UK, and the patients’ representatives of Dys-
tonia Europe, the European Dystonia Federation.

Based on their experience, the panel of respondents 
provided their expert opinions about the clinical and 
organizational challenges to improving the disease-spe-
cific patient care pathway.

The preliminary results were transferred in flowcharts 
describing the different phases of the care pathways fol-
lowed by the patients. A first draft of the optimized 
patient care pathway for each of the three diseases, dysto-
nia, progressive ataxias, and PKU, was presented and dis-
cussed in a plenary online meeting with the participation 
of the research groups.

Subsequently, a refinement was made with a second ad-
hoc survey, collecting feedback and further suggestions 
about the good practices and criticalities related to the 
organization of PCPs. The English version of this survey 
used in the study was reported as a Supplementary file 2.

Results
The ataxias optimized patient care pathway
The request for diagnostic referral represents the patient’s 
entry point to the optimized PCP for ataxias. The patient 
arrives at the SAC and is usually referred by a general 
practitioner, a general neurologist, other healthcare pro-
fessionals, or by self-referral. Moreover, the patients’ 
association can advise the patient on accessing the SAC.

The diagnostic organizational phase should foresee 
a care coordinator (e.g., a nurse) guiding the patients 
through the diagnosis process, providing information 
about the procedures and the organization of the care, 
as well as the contact information about the patients’ 
associations involved in the pathway. The optimized 
multidisciplinary team should involve the following 
healthcare professionals: ataxia specialist, neuro-oph-
thalmologist, audiologist, psychologist, gastroenterolo-
gist, urologist, cardiologist, neurosurgeon, orthopedist, 
speech and language therapist, occupational therapist, 
and physiotherapist.
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Diagnostic investigations are numerous and range from 
simple blood tests to next-generation sequencing (NGS) 
gene panels, nerve conduction studies, lumbar puncture, 
and neuroimaging [11, 17].

Some laboratory tests might already be organized and 
provided by the general practitioner (first-line care) or 
at the healthcare professional level, such as the general 
neurologist (second-line care), before patients present to 
the SAC (third-line care) [18]. The optimized PCP into 
a specialized Ataxia Center should include the follow-
ing diagnostic procedures: whole genome sequencing, 
antibodies test for auto-immune ataxias and biochemi-
cal measures (cholestanol, plasma oxysterols, bile acids, 
coenzyme Q10 (ubiquinone), very-long-chain fatty 
acids, phytanic acid, white cell enzymes, muscle biopsy, 
remaining genetic tests - next-generation sequencing), 
and many instrumental exams (electromyography, elec-
troencephalography, peripheral nerve conduction stud-
ies, MRI, total body PET scan, ophthalmology/optical 
coherence tomography). An additional reference on the 
adult ataxias diagnostic flowchart has been developed by 
ERN RND [19].

Treatable forms of ataxias are episodic ataxias, vitamin 
E deficiency, coenzyme Q10 deficiency, gluten ataxia, 
Niemann-Pick disease type C, ataxia with vitamin B12 
deficiency, cerebrotendinous xanthomatosis.

Medical and non-medical management for ataxia 
patients should be organized homogeneously. Ataxia 
symptoms addressed with medication are tremors, 
spasticity, nystagmus, urge symptoms, sialorrhea, uri-
nary symptoms, bowels symptoms, and sexual dysfunc-
tion; the main medications are steroids and intravenous 
immunoglobulin (IVIg) immunosuppressive drugs. The 
non-medical treatment should be discussed in a multidis-
ciplinary approach: speech and language, physical, occu-
pational, and neuro-ophthalmology. Moreover, when 
necessary, the treatment organization should include the 
involvement of the urologist, psychiatrist, audiologist, 
psychologist, gastroenterologist, cardiologist, neurosur-
geon, orthopedics specialist, and palliative care in the 
later stages of the disease [20].

The optimized PCP should include codified coordi-
nation between the SAC and the primary care and sec-
ondary care providers (e.g., general practitioner, home 
rehabilitation therapist, and general neurologist) to orga-
nize better the monitoring of the ataxia patients and the 
continuity of care, ideally closer to the place where the 
patients live. Ataxia patients usually need follow-ups on 
an annual basis. Regular follow-up may allow the spe-
cialist neurologist to monitor disease progressions and 
enable the introduction of timely management of new 
symptoms. Telemedicine should be implemented to inte-
grate the follow-up of ataxia patients to help them over-
come the difficulties of getting to the SAC.

Figure 1 is a graphical representation, with a flowchart, 
of the optimized Patient Care Pathway for Ataxias. The 
proposed PCPs result from a co-designed optimized pro-
cess integrating the good practices of the centers of excel-
lence and expertise in ataxias belonging to ERN RND, 
one of the 24 European Reference Networks for rare dis-
eases focusing on rare neurological diseases.

The dystonia optimized patient care pathway
The patient’s entry point to the optimized PCP for Dys-
tonia is represented by a request from a general practi-
tioner, another healthcare professional such as a general 
neurologist, other hospitals, or the patients themselves 
seeking a movement disorder specialist referral.

At the diagnosis phase, it is mandatory to organize and 
establish the optimized PCP in a specialized Dystonia 
center for homogeneous care with a multidisciplinary 
team. This team should involve a specialist neurolo-
gist expert in movement disorder, an internist, a psy-
chiatrist, a physiotherapist, an occupational therapist, 
an ophthalmology consultation, and a neuropsycholo-
gist. A neuropsychiatric consultation could be arranged 
during the overall diagnostic assessment when neces-
sary. Dystonia diagnosis needs syndrome-specific inves-
tigations: neuroimaging to rule out the presence of 
atrophy, structural lesions, iron deposit, and other sig-
nal abnormalities; laboratory workup to rule out meta-
bolic abnormalities; genetic testing (single gene test or 
next-generation sequencing panel) [21]. The diagnos-
tic organizational phase in a Dystonia specialist cen-
ter should foresee each component of the diagnostic 
process, including neuroimaging, laboratory investiga-
tion, abdominal ultrasound, and chronic response to 
Levodopa. Neuroimaging of the dopamine transporter by 
single photon emission computerized tomography (DAT 
SPECT) could be employed to support the diagnosis of 
parkinsonism combined with Dystonia.

Treatment options involve counseling and education, oral 
medications, intramuscular injection of botulinum neuro-
toxins (BoNT), physical and occupational therapy, and, in 
selected cases, neurosurgical interventions [22, 23].

The optimized PCP should include codified coordina-
tion between the specialist Dystonia center and other 
healthcare professionals involved in managing the patient 
and providing care, including the General Practitioners 
(GPs), general neurologists, psychologists, occupational 
therapists, and physiotherapists. A codified plan should 
be organized for the psychiatric and psychological sup-
port of the patients and families during the diagnostic 
assessment and the organization of care in the follow-up. 
Moreover, the plans for physiotherapy and rehabilitation 
should be organized to coordinate the care better.

Figure 2 is a graphical representation, with a flowchart, 
of the optimized Patient Care Pathway for Dystonia. The 
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Fig. 2  The optimized patient care pathway for dystonia. Abbreviations. HCP: healthcare provider; ENT: otolaryngology; MRI: magnetic resonance imag-
ing; SPEC DAT Scan: specific type of single-photon emission computed tomography (SPECT) imaging technique; NGS: next-generation sequencing; 
L-DOPA: levodopa. Legend. A dashed line is used for the graphical representation of the healthcare services that are suggested (not mandatory) to be 
organized in an optimized PCP; a continuous line is used for the graphical representation of the healthcare services that are mandatory to be organized 
in an optimized PCP

 

Fig. 1  The optimized patient care pathway for ataxias. Abbreviations. HCP: healthcare provider; SAC: specialist ataxia center; MRI: magnetic resonance 
imaging; NPC: Nieman Pick Disease type c. Legend. A dashed line is used for the graphical representation of the healthcare services that are suggested (not 
mandatory) to be organized in an optimized PCP; a continuous line is used for the graphical representation of the healthcare services that are mandatory 
to be organized in an optimized PCP
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proposed PCP results from a co-designed optimized pro-
cess integrating the good practices of the centers of excel-
lence and expertise in Dystonia, which also belong to 
ERN RND, one of the 24 European Reference Networks 
for rare diseases focusing on rare neurological diseases.

The PKU optimized patient care pathway
Early detection of HPA and its treatment can prevent 
neurological damage [24–30]. Patients are referred to 
specialized metabolic centers in different ways. Children 
with a positive Newborn Screening (NBS) test are to be 
referred to the specialized metabolic center/center of 
expertise (CE) to confirm the diagnosis and commence 
treatment, ideally within ten days of age [31].

Despite the high diffusion of NBS, there are still late-
diagnosed patients or undiagnosed patients, such as 
immigrant children from countries where NBS is lacking 
or adults born before the introduction of the NBS. Late-
diagnosed or undiagnosed patients may be identified by 
other hospitals (e.g., the general metabolic treatment 
centers), their GP, other expert clinicians, themself, by a 
patients’ association, and they are referred to the special-
ized metabolic center/(CE) for the diagnostic confirma-
tion. When the patients gain access to the specialized 
metabolic center, a fast-track procedure should be orga-
nized for undiagnosed cases to prevent any further diag-
nostic and treatment delay [32]; as there is already a 
diagnostic delay in all patients who NBS has not identi-
fied, the fast-track procedure aims to avoid further delay.

Organizing a multi-disciplinary team consisting of a 
metabolic expert physician, metabolic dietician, clinical 
psychologist, medical social worker, clinical biochemist, 
and specialty nurse should be mandatory. The multidisci-
plinary team could potentially include an internist-endo-
crinology consultant, a neuropsychologist assessment, 
and a psychiatric assessment when necessary. Finally, the 
organization of biochemical laboratory tests (blood Phe 
measurements) should be mandatory.

The primary goal of treatment is normal neurocogni-
tive and psychosocial functioning [24–30]. PKU treat-
ment consists of dietary management: natural protein 
restriction, Phe-free/low phenylalanine protein in sub-
stitutes, and low protein (LP) special food. Potential two 
therapeutic options for some patients are the oral admin-
istration of a pharmacologic chaperone co-factor (sap-
ropterin dihydrochloride) and subcutaneous delivery of 
a biological formulation (Penylalanine-Ammonialyase or 
Pegvaliase) enzyme substitution therapy.

During follow-up, blood Phe concentrations should 
be regularly monitored, aiming for blood Phe levels to 
be maintained within a given target treatment range 
defined for a given age [31]. Regular follow-up by a mul-
tidisciplinary team should include a medical and dietary 
history, an assessment of anthropometry including body 

mass index estimation, a physical and neurological exam-
ination, and a psychological review. A telemedicine ser-
vice should include phone coaching, video counseling, 
monitoring of Phe levels, medical advice, dietary advice, 
facilitating the provision of supplies required for blood 
measurements at home, and social workers/support 
workers’ advice.

Finally, early-diagnosed PKU is not life-limiting, and 
the oldest patients are already in their fifties. Thus, devel-
oping a transition care management to geriatrics should 
be considered [33].

Children and the transition to adult care
As anticipated, children with a positive NBS test are to 
be referred to the specialized metabolic center/center of 
expertise (CE) to confirm the diagnosis and commence 
treatment, ideally by ten days of age.

The diagnosis organizational phase of the optimized 
PCP into a specialized metabolic center should foresee 
a counseling support plan for parents of early-diagnosed 
children with NBS, including the arrangement of peer 
and psychological support services and nutritional edu-
cation programs like breastfeeding and weaning.

The treatment phase of the optimized PCP should 
consider the organization of a codified educational plan 
discerning empowering strategies accordingly with the 
different PKU patients’ needs: the close cooperation 
with midwives to achieve normality and close interac-
tion with patients’ associations for young parents of early 
diagnosed NBS children; parental screening for diagno-
sis induced post-traumatic stress disorder; teenagers 
support for increasing autonomy and for encouraging 
healthy eating, and their parents support. Despite teen-
ager’s need for independence, they still require much 
support to enable them to adhere to their therapy. It is 
a significant burden for them to carry all the burden of 
cooking for themselves, remembering to take all their 
treatments when their executive function may not be 
optimal. The diagnosis itself has a vast traumatic poten-
tial on parents and caregivers, which will affect the 
patients’ disease acceptance and coping style prospec-
tively, as reported by a considerable part of the PKU com-
munity [34].

A transition management plan is necessary for early-
diagnosed patients to coordinate the transition from 
pediatric to adult care (when children are over 16 years 
old) and prevent the risk of falling out of or exiting care. 
This transition program should include a case manager 
for both healthcare professionals and caregivers, patients 
and their families, and a communication strategy to 
inform patients, families, and caregivers about the transi-
tion and the modalities and procedures to access the spe-
cialized metabolic center/CE (e.g., the European clinical 
guidelines recommend a follow-up visit per year).
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Monitoring for early-diagnosed adolescents should 
include a program managing the coordination of care 
between the specialized metabolic center/CE and sec-
ondary care (e.g., the general metabolic treatment cen-
ter), primary care, and GPs.

The optimized PCP should include codified coordina-
tion with a pregnancy clinic and multidisciplinary advice 
for PKU women of child-bearing age for counseling 
regarding pre-conception education, family planning, 
and nutritional recommendations during pregnancy in 
line with the gestation age.

Figure 3 is a graphical representation, with a flowchart, 
of the optimized Patient Care Pathway for PKU. The pro-
posed PCPs result from a co-designed optimized process 
integrating the good practices of the centers of excellence 
and expertise in PKU, which also belong to MetabERN, 
one of the 24 European Reference Networks for rare dis-
eases focusing on inherited metabolic rare diseases.

Discussion
In this work the RarERN Path© methodology was applied 
to re-design and optimize the organizational dimensions 
of the patient’s care pathways for the rare neurological 
diseases diseases, progressive ataxias, dystonia, and rare 
neurometabolic disease PKU. The proposed PCPs repre-
sent the result of a co-designed, optimized process inte-
grating the perspectives of the patients’ representatives 
with the good practices of the centers of excellence and 

expertise in progressive ataxia, dystonia, and PKU, which 
also belong to two of the 24 European Reference Net-
works for rare diseases (ERN RND and MetabERN).

Organization matters in the provision of care. The bot-
tom-up approach can actively involve the relevant expert 
professionals and could significantly impact the imple-
mentation of concrete strategies and actions to improve 
the complexity of the healthcare services provided to 
patients and their families. Patient representatives’ par-
ticipation in the PCP re-design could ensure the inclu-
sion of patients’ needs and expectations in the system.

The organizational challenges faced by healthcare pro-
viders during the COVID- 19 pandemic suggested the 
creation of disease-specific structured care pathways 
and well-designed patient flow that are integrated with 
eHealth and telemedicine tools and facilitate optimiza-
tion in the provision of care [35].

The application of RarERN Path© as a methodology 
for the re(organization)/re(design) of the organizational 
aspects of the PCP, may facilitate early diagnosis, pro-
mote multidisciplinary care, improve coordination of 
care between rare disease expert centers and secondary 
and primary care; improve patient’s empowerment and 
involvement of patients, families, patients’ associations in 
the care process.

We believe that the presented results can offer a valu-
able reference to stimulate all stakeholders involved 
in managing rare brain diseases to focus on the 

Fig. 3  The optimized Patient Care Pathway for PKU. Abbreviations. HCP: healthcare provider; PKU: phenylketonuria; Phe: phenylalanine. Legend. A dashed 
line is used for the graphical representation of the healthcare services that are suggested (not mandatory) to be organized in an optimized PCP; a continu-
ous line is used for the graphical representation of the healthcare services that are mandatory to be organized in an optimized PCP
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organizational dimension. Further studies are needed to 
refine the results and assess their impact in patients care.

Abbreviations
BoNT	� Botulinum neurotoxins
CE	� Center of expertise
COE	� Centers of excellence
COVID- 19	� Coronavirus Disease of 2019
CPGs	� Clinical Practice Guidelines
DAT SPECT	� Single photon emission computerized tomography
DIG PKU	� German PKU Association
EBC	� European Brain Council
ENT	� Otolaryngology
ERN ReCONNET	� European Reference Network on rare and complex 

connective tissue and musculoskeletal diseases
ERNs	� European Reference Networks
ERN RND	� European Reference Network on Rare Neurological Diseases
GPs	� General Practitioners
HCPs	� Healthcare providers
HPA	� Hyperphenylalaninemia
IVIg	� Intravenous immunoglobulin
KPIs	� Key performance indicators
L-DOPA	� Levodopa
LP	� Low protein
MetabERN	� European Reference Network for Hereditary Metabolic 

Disorders
MRI	� Magnetic resonance imaging
NBS	� National newborn screening
NGS	� Next-generation sequencing
NPC	� Nieman Pick Disease type c
PAH	� Phenylalanine hydroxylase
PCPs	� Patient Care Pathways
PET	� Positron emission tomograph
Phe	� Phenylalanine
PKU	� Phenylketonuria
RCDs	� Rare and complex diseases
rCTDs	� Rare and complex connective tissue and musculoskeletal 

diseases
SACs	� Specialist ataxia centers
SPEC DAT Scan	� Specific type of single-photon emission computed 

tomography (SPECT) imaging technique
UK	� United Kingdom
VOT	� Value Of Treatment

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​1​3​-​0​2​5​-​1​2​7​8​4​-​9.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
Our thanks are extended to the patients’ associations who helped with this 
study: Associazione Italiana Sindromi Atassiche (AISA), its president Maria 
Litani and its representative Angela Ghezzi; Ataxia UK (UK); Deutsche Heredo 
Ataxie Gesellschaft (DHAG) and its representative Andreas Nadke; Ataxie 
Forderverein e.V. (Germany) and its representative Bart-Jan Schuman; Dystonia 
Europe, Brussels; PKU Association of Ireland; German PKU and Allied Disorders 
Patients Association DIG PKU, European Society for Phenylketonuria & Allied 
Disorders.

Human ethics and consent to participate declarations
Not applicable.

Authors’ contributions
G.T., S.C., and V.Q. conceived the paper; S.C. performed analyses of data from 
the surveys; S.C. wrote the first draft of the manuscript; G.T., S.C. and L.T. wrote 
the final draft. S.C., V.Q., M.B., A.F., A.l.F., B.S.G., P.G., H.G., J.G., T.H., A.H., B.H., 

A.Mc.D., F.M., W.O., G.P., M.G.P., C.R., M.R., E.T., F.V.S., J.V., G.T. were involved in the 
discussion and interpretation of the results. S.C., V.Q., L.T., M.B., A.F., A.l.F,. B.S.G., 
P.G., H.G., J.G., T.H., A.H., B.H., A.Mc.D., F.M., W.O., G.P., M.G.P., C.R., M.R., E.T., F.V.S., 
J.V., G.T. repeatedly edited the manuscript. ALL the authors approved the final 
version.

Funding
Funding from the European Brain Council is acknowledged.

Data availability
The authors declare that the data supporting this study’s findings are available 
within the paper. Extra data, questionnaires included, are available from the 
corresponding author upon request.

Declarations

Ethics approval and consent to participate
The questionnaire respondents were both the expert clinicians and the top 
management of the national patients’ associations. Based on their experience, 
they provided their expert opinion about the clinical and organizational 
challenges in improving disease-specific patient care pathways. The 
respondents involved were invited to complete the questionnaire by email. 
Except for the research team members and authors of this work, no personally 
identifiable data was collected during the project. The results discussed in this 
manuscript are based on voluntary research and do not involve experimental 
research on human subjects or the use of human tissue samples. Hence, 
ethical approval and informed consent procedures were not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Institute of Management, Scuola Superiore Sant’Anna, Piazza Martiri della 
Libertà 33, Pisa 56127, Italy
2European Brain Council, Bruxelles, Belgium
3University of Warwick, Coventry, England, UK
4Dystonia Europe, Bruxelles, Belgium
5Department of Medicine, Surgery and Neurosciences, Medical School, 
University of Siena, Siena, Italy
6Department of Neurosciences, Reproductive and Odontostomatological 
Sciences, Federico II University, Naples, Italy
7PKU Association of Ireland, Tralee, Ireland
8Munster Technological University Kerry Campus, Tralee, Ireland
9Ataxia Centre, Department of Clinical and Movement Neurosciences, 
UCL Queen Square Institute of Neurology, Queen Square House, Queen 
Square, London WC1 N 3BG, UK
10Institute for Medical Genetics and Applied Genomics, University of 
Tübingen, Tübingen, Germany
11Centre for Rare Diseases, University Hospital Tübingen, Tübingen, 
Germany
12European Reference Network, ERN RND, Tübingen, Germany
13Ataxia UK, London, UK
14German PKU and Allied Disorders Patients Association DIG PKU, 
Hiddenhausen, Germany
15European Society for Phenylketonuria & Allied Disorders, Wagram, 
Austria
16Unit of Diagnosis and Treatment of Congenital Metabolic Diseases, 
Department of Internal Medicine, Santiago de Compostela University 
Clinical Hospital, Santiago de Compostela, Spain
17Dietetic Department, Birmingham Children’s Hospital, Steelhouse Lane, 
Birmingham, UK
18Neuromodulation and Motor Control Section, Neuroscience and Cell 
Biology Institute, City St George’s, University of London, London, UK
19Philipps-Universitaet Marburg, Marburg, Germany
20National Centre for inherited Metabolic Disorders, Mater Misericordiae 
University Hospital, Dublin, Ireland
21Department of Neurology, University Hospital Schleswig Holstein 
Campus Lübeck, Lübeck, Germany

https://doi.org/10.1186/s12913-025-12784-9
https://doi.org/10.1186/s12913-025-12784-9


Page 9 of 10Cannizzo et al. BMC Health Services Research          (2025) 25:799 

22University of Zagreb Medical School and Croatian Academy of Medical 
Science, Zagreb, Croatia
23School of Medicine, University College Dublin, Dublin, Ireland
24School of Medicine, Trinity College Dublin, Dublin, Ireland
25Metabolic Diseases in the Beatrix Children’s Hospital of the University 
Medical Center of Groningen, Groningen, Netherlands
26European Reference Network, MetabERN, Udine, Italy

Received: 20 December 2024 / Accepted: 21 April 2025

References
1.	 Tumiene B, Graessner H. Rare disease care pathways in the EU: from odysseys 

and labyrinths towards highways. J Community Genet. 2021;12(2):231–9. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​2​6​8​7​-​0​2​1​-​0​0​5​2​0​-​9. Epub 2021 Mar 18. PMID: 33738760; 
PMCID: PMC8141079.

2.	 Painous C, van Os NJH, Delamarre A, Michailoviene I, Marti MJ, van de 
Warrenburg BP, Meissner WG, Utkus A, Reinhard C, Graessner H, Tijssen MA. 
Management of rare movement disorders in Europe: outcome of surveys of 
the European reference network for rare neurological diseases. Eur J Neurol. 
2020;27(8):1493–500. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​e​​n​e​.​1​4​3​0​2. Epub 2020 Jun 19. 
PMID: 32386078; PMCID: PMC7496702.

3.	 Schrijvers G, van Hoorn A, Huiskes N. The care pathway: concepts and 
theories: an introduction. Int J Integr Care. 2012;12(Spec Ed Integrated Care 
Pathways):e192. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​3​3​4​​/​i​​j​i​c​.​8​1​2. PMID: 23593066; PMCID: 
PMC3602959.

4.	 Cannizzo S, Lorenzoni V, Palla I, Pirri S, Trieste L, Triulzi I, Turchetti G. Rare 
diseases under different levels of economic analysis: current activities, chal-
lenges and perspectives. RMD Open. 2018;4(Suppl 1):e000794. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​1​1​3​6​​/​r​​m​d​o​​p​e​n​​-​2​0​1​​8​-​​0​0​0​7​9​4. PMID: 30488003; PMCID: PMC6241967.

5.	 European Pathway Association. ​h​t​t​p​​s​:​/​​/​e​-​p​​-​a​​.​o​r​​g​/​c​​a​r​e​-​​p​a​​t​h​w​a​y​s​/. Accessed 
26 Apr 2025.

6.	 Rotter T, Kinsman L, James E, Machotta A, Willis J, Snow P, Kugler J. The effects 
of clinical pathways on professional practice, patient outcomes, length of 
stay, and hospital costs: Cochrane systematic review and meta-analysis. Eval 
Health Prof. 2012;35(1):3–27. Epub 2011 May 24. PMID: 21613244.

7.	 Talarico R, Cannizzo C, Lorenzoni V, Marinello D, Palla I, Pirri S, Ticciati S, 
Trieste S, Triulzi I, Terol E, Bucher A, Turchetti G. Correction to: rarern path™: 
a methodology towards the optimisation of patients’ care pathways in rare 
and complex diseases developed within the European reference networks. 
Orphanet J Rare Dis. 2021;16(1):146. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​2​3​-​0​2​1​-​0​
1​7​7​8​-​5. Erratum for: Orphanet J Rare Dis. 2020;15(1):347. PMID: 33752690; 
PMCID: PMC7986507.

8.	 Talarico R, Marinello D, Cannizzo S, Palla I, Ticciati S, Gaglioti A, Rys A, Milli C, 
Taruscio D, Mosca M, Turchetti G. An opportunity to harmonise the approach 
to patients’ care pathways for rare and complex diseases: rarern path™. Front 
Health Serv. 2022;2:935014. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​r​h​s​.​2​0​2​2​.​9​3​5​0​1​4.

9.	 EBC European Research Project–. The Value Of Treatment for brain disorders 
in Europe. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​b​​r​a​i​​n​c​o​​u​n​c​i​​l​.​​e​u​/​​p​r​o​​j​e​c​t​​s​-​​a​n​d​​-​i​n​​i​t​i​a​​t​i​​v​e​s​/​v​o​t​2​/. 
Accessed 26 Apr 2025.

10.	 ORPHANET classification of rare neurological diseases–ataxias. 
ORPHA:102002. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​o​​r​p​h​​a​.​n​​e​t​/​c​​o​n​​s​o​r​​4​.​0​​1​/​w​w​​w​/​​c​g​i​​-​b​i​​n​/​D​i​​s​e​​a​s​e​​_​C​l​​
a​s​s​i​​f​.​​p​h​p​​?​l​n​​g​=​E​N​​&​d​​a​t​a​​_​i​d​​=​1​8​1​​&​P​​a​t​I​​d​=​1​​4​9​3​8​​&​s​​e​a​r​​c​h​=​​D​i​s​e​​a​s​​e​_​C​l​a​s​s​i​f​_​S​i​m​p​l​
e​&​n​e​w​=​1. Accessed 26 Apr 2025.

11.	 de Silva R, Greenfield J, Cook A, Bonney H, Vallortigara J, Hunt B, Giunti P. 
Guidelines on the diagnosis and management of the progressive ataxias. 
Orphanet J Rare Dis. 2019;14(1):51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​2​3​-​0​1​9​-​1​0​1​
3​-​9. PMID: 30786918; PMCID: PMC6381619.

12.	 ORPHANET classification of rare neurological diseases– dystonia - 
ORPHA:98006. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​o​​r​p​h​​a​.​n​​e​t​/​c​​o​n​​s​o​r​​4​.​0​​1​/​w​w​​w​/​​c​g​i​​-​b​i​​n​/​D​i​​s​e​​a​s​e​​_​C​l​​a​
s​s​i​​f​.​​p​h​p​​?​l​n​​g​=​E​N​​&​d​​a​t​a​​_​i​d​​=​1​8​1​​&​P​​a​t​I​​d​=​1​​0​5​0​2​​&​s​​e​a​r​​c​h​=​​D​i​s​e​​a​s​​e​_​C​l​a​s​s​i​f​_​S​i​m​p​l​e​
&​n​e​w​=​1. Accessed 26 Apr 2025.

13.	 Centen LM, Pinter D, van Egmond ME, et al. Dystonia management across 
Europe within ERN-RND: current state and future challenges. J Neurol. 
2023;270:797–809.

14.	 Hagedorn TS, van Berkel P, Hammerschmidt G, Lhotáková M, Saludes RP. 
Requirements for a minimum standard of care for phenylketonuria: the 
patients’ perspective. Orphanet J Rare Dis. 2013;8:191. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​
/​1​​7​5​0​-​1​1​7​2​-​8​-​1​9​1. PMID: 24341788; PMCID: PMC3878574.

15.	 ERN ReCONNET. RarERN Path. ​h​t​t​p​​s​:​/​​/​r​e​c​​o​n​​n​e​t​​.​e​r​​n​-​n​e​​t​.​​e​u​/​r​a​r​e​r​n​-​p​a​t​h​/. 
Accessed 26 Apr 2025.

16.	 Palla I, Turchetti G, Polvani S. Narrative medicine: theory, clinical practice and 
education - a scoping review. BMC Health Serv Res. 2024;24(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​1​3​-​0​2​4​-​1​1​5​3​0​-​x.

17.	 de Silva RN, Vallortigara J, Greenfield J, Hunt B, Giunti P, Hadjivassiliou M. 
Diagnosis and management of progressive ataxia in adults. Pract Neurol. 
2019;19(3):196–207. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​p​​r​a​c​​t​n​e​​u​r​o​l​​-​2​​0​1​8​-​0​0​2​0​9​6. Epub 
2019 May 2. PMID: 31048364; PMCID: PMC6585307.

18.	 Stephen CD, Brizzi KT, Bouffard MA, Gomery P, Sullivan SL, Mello J, MacLean 
J, Schmahmann JD. The Comprehensive Management of Cerebellar Ataxia in 
Adults. Curr Treat Options Neurol. 2019;21(3):9. PMID: 30788613. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​9​4​0​-​0​1​9​-​0​5​4​9​-​2.

19.	 ERN RND. Diagnostic Flowchart for adult ataxias. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​r​n​-​​r​n​d​​.​e​u​/​​w​p​​-​c​
o​​n​t​e​​n​t​/​u​​p​l​​o​a​d​​s​/​2​​0​1​9​/​​0​8​​/​E​R​​N​-​R​​N​D​-​D​​i​a​​g​n​o​​s​t​i​​c​-​F​l​​o​w​​c​h​a​r​t​A​t​a​x​i​a​_​F​I​N​A​L​.​p​d​f. 
Accessed 26 Apr 2025.

20.	 Giunti P, Morris S, Relja M, Pastores G, Quoidbach V. Toward earlier diagnosis 
and treatment of rare neurological disorders: the value of coordinated care 
and specialist centers. Croat Med J. 2019;60(2):156–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​2​5​​
/​c​​m​j​.​2​0​1​9​.​6​0​.​1​5​6.

21.	 Albanese A, Di Giovanni M, Lalli S. Dystonia: diagnosis and management. Eur 
J Neurol. 2019;26(1):5–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​e​​n​e​.​1​3​7​6​2. Epub 2018 Aug 
18. PMID: 30035844.

22.	 Jinnah HA, Factor SA. Diagnosis and treatment of dystonia. Neurol Clin. 
2015;33(1):77–100. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​c​l​.​2​0​1​4​.​0​9​.​0​0​2.

23.	 Smit M, Albanese A, Benson M, Edwards MJ, Graessner H, Hutchinson M, Jech 
R, Krauss JK, Morgante F, Pérez Dueñas B, Reilly RB, Tinazzi M, Contarino MF, 
Tijssen MAJ, Collaborative Working Group. Dystonia management: what to 
expect from the future?? The perspectives of patients and clinicians within 
dystonia net Europe. Front Neurol. 2021;12:646841. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​
n​e​u​r​.​2​0​2​1​.​6​4​6​8​4​1. PMID: 34149592; PMCID: PMC8211212.

24.	 Gama MI, Pinto A, Daly A, Rocha JC, MacDonald A. The impact of the quality 
of nutrition and lifestyle in the reproductive years of women with PKU on the 
Long-Term health of their children. Nutrients. 2022;14(5):1021. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​3​3​9​0​​/​n​​u​1​4​0​5​1​0​2​1. PMID: 35267995; PMCID: PMC8912747.

25.	 Rovelli V, Zuvadelli J, Paci S, Ercoli V, Re Dionigi A, Selmi R, Salvatici E, Cefalo G, 
Banderali G. Telehealth and COVID-19: empowering standards of manage-
ment for patients affected by phenylketonuria and hyperphenylalaninemia. 
Healthc (Basel). 2021;9(11):1407. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​h​​e​a​l​t​h​c​a​r​e​9​1​1​1​4​0​7. 
PMID: 34828453; PMCID: PMC8622759.

26.	 Benson M, Albanese A, Bhatia KP, Cavillon P, Cuffe L, König K, Reinhard C, 
Graessner H. Development of a patient journey map for people living with 
cervical dystonia. Orphanet J Rare Dis. 2022;17(1):130. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​
/​s​​1​3​0​2​3​-​0​2​2​-​0​2​2​7​0​-​4. PMID: 35313909; PMCID: PMC8935780.

27.	 Beazer J, Breck J, Eggerding C, Gordon P, Hacker S, Thompson A, PKU Lost to 
Follow-Up Recommendations Group. Strategies to engage lost to follow-up 
patients with phenylketonuria in the united States: best practice recommen-
dations. Mol Genet Metab Rep. 2020;23:100571. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​y​m​​
g​m​r​​.​2​0​2​​0​.​​1​0​0​5​7​1. PMID: 32140415; PMCID: PMC7044524.

28.	 Burlina A, Leuzzi V, Spada M, Carbone MT, Paci S, Tummolo A. The manage-
ment of phenylketonuria in adult patients in Italy: a survey of six specialist 
metabolic centers. Curr Med Res Opin. 2021;37(3):411–21. Epub 2021 Feb 1. 
PMID: 33222540.

29.	 Burgard P. A holistic approach to the patients/ families with inborn errors of 
metabolism. J Mother Child. 2020;24(2):65–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​4​7​6​​3​/​​j​m​o​​t​
h​e​​r​a​n​d​​c​h​​i​l​d​​.​2​0​​2​0​2​4​​0​2​​s​i​.​2​0​0​4​.​0​0​0​0​1​0. PMID: 33179604; PMCID: PMC8518098.

30.	 Rohde C, Thiele AG, Baerwald C, Ascherl RG, Lier D, Och U, Heller C, Jung A, 
Schönherr K, Joerg-Streller M, Luttat S, Matzgen S, Winkler T, Rosenbaum-
Fabian S, Joos O, Beblo S. Preventing maternal phenylketonuria (PKU) 
syndrome: important factors to achieve good metabolic control throughout 
pregnancy. Orphanet J Rare Dis. 2021;16(1):477. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​
2​3​-​0​2​1​-​0​2​1​0​8​-​5. PMID: 34794480; PMCID: PMC8600879.

31.	 van Wegberg AMJ, MacDonald A, Ahring K, Bélanger-Quintana A, Blau N, 
Bosch AM, Burlina A, Campistol J, Feillet F, Giżewska M, Huijbregts SC, Kearney 
S, Leuzzi V, Maillot F, Muntau AC, van Rijn M, Trefz F, Walter JH, van Spronsen 
FJ. The complete European guidelines on phenylketonuria: diagnosis and 
treatment. Orphanet J Rare Dis. 2017;12(1):162. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​2​
3​-​0​1​7​-​0​6​8​5​-​2. PMID: 29025426; PMCID: PMC5639803.

32.	 van Wegberg AMJ, MacDonald A, Abeln D, Hagedorn TS, Lange E, Trefz F, van 
Vliet D, van Spronsen FJ. Patient’s thoughts and expectations about centres of 
expertise for PKU. Orphanet J Rare Dis. 2021;16(1):2. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​
1​3​0​2​3​-​0​2​0​-​0​1​6​4​7​-​7. PMID: 33407655; PMCID: PMC7789756.

https://doi.org/10.1007/s12687-021-00520-9
https://doi.org/10.1007/s12687-021-00520-9
https://doi.org/10.1111/ene.14302
https://doi.org/10.5334/ijic.812
https://doi.org/10.1136/rmdopen-2018-000794
https://doi.org/10.1136/rmdopen-2018-000794
https://e-p-a.org/care-pathways/
https://doi.org/10.1186/s13023-021-01778-5
https://doi.org/10.1186/s13023-021-01778-5
https://doi.org/10.3389/frhs.2022.935014
https://www.braincouncil.eu/projects-and-initiatives/vot2/
https://www.orpha.net/consor4.01/www/cgi-bin/Disease_Classif.php?lng=EN%26data_id=181%26PatId=14938%26search=Disease_Classif_Simple%26new=1
https://www.orpha.net/consor4.01/www/cgi-bin/Disease_Classif.php?lng=EN%26data_id=181%26PatId=14938%26search=Disease_Classif_Simple%26new=1
https://www.orpha.net/consor4.01/www/cgi-bin/Disease_Classif.php?lng=EN%26data_id=181%26PatId=14938%26search=Disease_Classif_Simple%26new=1
https://doi.org/10.1186/s13023-019-1013-9
https://doi.org/10.1186/s13023-019-1013-9
https://www.orpha.net/consor4.01/www/cgi-bin/Disease_Classif.php?lng=EN%26data_id=181%26PatId=10502%26search=Disease_Classif_Simple%26new=1
https://www.orpha.net/consor4.01/www/cgi-bin/Disease_Classif.php?lng=EN%26data_id=181%26PatId=10502%26search=Disease_Classif_Simple%26new=1
https://www.orpha.net/consor4.01/www/cgi-bin/Disease_Classif.php?lng=EN%26data_id=181%26PatId=10502%26search=Disease_Classif_Simple%26new=1
https://doi.org/10.1186/1750-1172-8-191
https://doi.org/10.1186/1750-1172-8-191
https://reconnet.ern-net.eu/rarern-path/
https://doi.org/10.1186/s12913-024-11530-x
https://doi.org/10.1186/s12913-024-11530-x
https://doi.org/10.1136/practneurol-2018-002096
https://doi.org/10.1007/s11940-019-0549-2
https://doi.org/10.1007/s11940-019-0549-2
https://www.ern-rnd.eu/wp-content/uploads/2019/08/ERN-RND-Diagnostic-FlowchartAtaxia_FINAL.pdf
https://www.ern-rnd.eu/wp-content/uploads/2019/08/ERN-RND-Diagnostic-FlowchartAtaxia_FINAL.pdf
https://doi.org/10.3325/cmj.2019.60.156
https://doi.org/10.3325/cmj.2019.60.156
https://doi.org/10.1111/ene.13762
https://doi.org/10.1016/j.ncl.2014.09.002
https://doi.org/10.3389/fneur.2021.646841
https://doi.org/10.3389/fneur.2021.646841
https://doi.org/10.3390/nu14051021
https://doi.org/10.3390/nu14051021
https://doi.org/10.3390/healthcare9111407
https://doi.org/10.1186/s13023-022-02270-4
https://doi.org/10.1186/s13023-022-02270-4
https://doi.org/10.1016/j.ymgmr.2020.100571
https://doi.org/10.1016/j.ymgmr.2020.100571
https://doi.org/10.34763/jmotherandchild.20202402si.2004.000010
https://doi.org/10.34763/jmotherandchild.20202402si.2004.000010
https://doi.org/10.1186/s13023-021-02108-5
https://doi.org/10.1186/s13023-021-02108-5
https://doi.org/10.1186/s13023-017-0685-2
https://doi.org/10.1186/s13023-017-0685-2
https://doi.org/10.1186/s13023-020-01647-7
https://doi.org/10.1186/s13023-020-01647-7


Page 10 of 10Cannizzo et al. BMC Health Services Research          (2025) 25:799 

33.	 Carlo Sabbà C, Lenato GM, Custodero C, Suppressa P. Rare diseases in the 
elderly: a new perspective for the specialist in geriatrics. Geriatric Care. 
2019;5:8769. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​0​8​1​​/​g​​c​.​2​0​1​9​.​8​7​6​9.

34.	 Stewart M, Schnabel A, Hallford DJ, McGillivray JA, Forbes D, Foster M, 
Shandley K, Gardam M, Austin DW. Challenging child behaviours positively 
predict symptoms of posttraumatic stress disorder in parents of children with 
autism spectrum disorder and rare diseases. Res Autism Spectr Disorders. 
2020;69:101467. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​1​​​6​/​j​.​r​​a​s​d​.​​2​0​1​9​.​1​0​1​4​6​7.

35.	 Talarico R, Aguilera S, Alexander T, Turchetti G, et al. The impact of COVID-19 
on rare and complex connective tissue diseases: the experience of ERN 
reconnet. Nat Rev Rheumatol. 2021;17(3):177–84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.4081/gc.2019.8769
https://doi.org/10.1016/j.rasd.2019.101467

	﻿The organizational dimension in rare and complex diseases care management: an application of RarERN Path﻿©﻿ methodology in ataxias, dystonia and phenylketonuria
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿RarERN Path﻿©﻿ methodology
	﻿Phase 1
	﻿Phase 2
	﻿Phase 3
	﻿Phase 4
	﻿Phase 5
	﻿Phase 6


	﻿Participants
	﻿Mapping exercise and data analysis
	﻿Results
	﻿The ataxias optimized patient care pathway
	﻿The dystonia optimized patient care pathway
	﻿The PKU optimized patient care pathway
	﻿Children and the transition to adult care


	﻿Discussion
	﻿References


