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Abstract 

Background:  Individuals with Friedreich ataxia (FRDA) can find it difficult to access specialized clinical care. To 
facilitate best practice in delivering healthcare for FRDA, clinical management guidelines (CMGs) were developed 
in 2014. However, the lack of high-certainty evidence and the inadequacy of accepted metrics to measure health 
status continues to present challenges in FRDA and other rare diseases. To overcome these challenges, the Grading of 
Recommendations Assessment and Evaluation (GRADE) framework for rare diseases developed by the RARE-Bestprac-
tices Working Group was adopted to update the clinical guidelines for FRDA. This approach incorporates additional 
strategies to the GRADE framework to support the strength of recommendations, such as review of literature in similar 
conditions, the systematic collection of expert opinion and patient perceptions, and use of natural history data.

Methods:  A panel representing international clinical experts, stakeholders and consumer groups provided oversight 
to guideline development within the GRADE framework. Invited expert authors generated the Patient, Interven-
tion, Comparison, Outcome (PICO) questions to guide the literature search (2014 to June 2020). Evidence profiles in 
tandem with feedback from individuals living with FRDA, natural history registry data and expert clinical observations 
contributed to the final recommendations. Authors also developed best practice statements for clinical care points 
that were considered self-evident or were not amenable to the GRADE process.

Results:  Seventy clinical experts contributed to fifteen topic-specific chapters with clinical recommendations and/or 
best practice statements. New topics since 2014 include emergency medicine, digital and assistive technologies and a 
stand-alone section on mental health. Evidence was evaluated according to GRADE criteria and 130 new recommen-
dations and 95 best practice statements were generated.

Discussion and conclusion:  Evidence-based CMGs are required to ensure the best clinical care for people with 
FRDA. Adopting the GRADE rare-disease framework enabled the development of higher quality CMGs for FRDA and 
allows individual topics to be updated as new evidence emerges. While the primary goal of these guidelines is better 
outcomes for people living with FRDA, the process of developing the guidelines may also help inform the develop-
ment of clinical guidelines in other rare diseases.
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Introduction
Friedreich ataxia (FRDA) is a multisystem autosomal 
recessive disease affecting approximately 1 in 29,000 indi-
viduals with Caucasian ancestry [1]. Neurological fea-
tures of FRDA include progressive appendicular and axial 
ataxia, spasticity, absent lower limb reflexes, dysarthria, 
visual and hearing dysfunction and impaired vibration 
sense and proprioception [2]. In addition, non-neuro-
logic features including scoliosis, foot deformity, cardio-
myopathy, diabetes mellitus and mental health issues add 
to the complexity of the disease [3]. The onset of symp-
toms is on average at 10 years of age but can range from 
as young as two years to beyond 40 years (in the case of 
Very Late Onset FRDA) [4]. Individuals with FRDA with 
an onset of symptoms younger than 15  years lose the 
capacity to ambulate on average 11.5 years after disease 
onset [5]. Despite a historical mean age of death reported 
to be 36 years [6], clinical experience indicates that with 
targeted care, individuals with FRDA can live for many 
decades beyond loss of ambulation [7].

Despite significant progress in the search for disease 
modifying agents, the chronic, progressive course of 
FRDA cannot yet be significantly slowed. Disease pro-
gression continues to have a profound impact on the 
health and well-being of people with FRDA. Given the 
rarity of the condition, individuals with FRDA often find 
it difficult to access experienced specialist multi-discipli-
nary care for long-term, evidence-based management. 
Rare diseases present a unique set of challenges in evi-
dence based clinical care. In particular, the lack of ade-
quately powered studies means that many management 
recommendations are based on low-certainty evidence. 
Specifically, the developmental and degenerative issues 
related to FRDA and the need for clinical care across 
childhood and adulthood requires a diverse approach to 
clinical management [8]. Recommendations developed 
without a strong evidence base do not provide clear clini-
cal guidance and run the risk of contributing to sub-opti-
mal care for individuals with rare diseases such as FRDA 
[9].

In 2014, identifying the requirement for FRDA-specific 
clinical management guidelines, 39 international expert 
clinicians wrote the first iteration of the Consensus Clini-
cal Management Guidelines for Friedreich ataxia [10]. In 
this first iteration, the evidence underscoring the guide-
lines was evaluated according to the recommendations 
of the Guidelines International Network (http://​www.g-​
i-n.​net/). Recommendations were established accord-
ing to the criteria developed by the National Health and 

Medical Research Council (NHMRC) Australia. In the 
absence of robust evidence, most (62%) of the 142 recom-
mendations in these guidelines were based on the collec-
tive expertise of the clinicians and were thus presented as 
good practice points.

Given the time that had elapsed since 2014, an update 
of the guidelines was required; however, the challenge of 
developing guidelines for rare diseases remained. Paucity 
of available evidence, the predominance of low-quality 
studies and the inconsistency in metrics used to measure 
outcomes in FRDA make it challenging to apply standard 
comparative effectiveness strategies to this and other rare 
diseases [9]. In particular, the first iteration of the CMGs 
exemplified the difficulty in generating strong recom-
mendations for diagnosis and/or treatment strategies due 
to the lack of high-certainty evidence [9].

The time between the first and second iteration of the 
guidelines provided an opportunity to consider alterna-
tive methods of grading the evidence and establishing 
the strength of the recommendations. The RARE-Best-
practices Working Group has provided a framework for 
developing guidelines using the Grading of Recommen-
dations Assessment and Evaluation (GRADE) system 
[11]. Pai and colleagues [9] proposed supplementing 
the GRADE approach with three strategies specific to 
rare diseases: (a) reviewing and including literature in 
like conditions, thus providing “Indirect evidence”, (b) 
systematic collection of expert observations and/or 
patient perceptions via “Structured observation forms” 
and, (c) use of available clinical registry data. This paper 
describes the application of this approach in developing 
the updated iteration of clinical management guidelines 
for FRDA.

Methods
Figure  1 summarizes the overall process for guidelines 
development, with each phase described below.

Stakeholders
The key stakeholders in the development of the guide-
lines were:

Guideline panel. An executive guideline panel compris-
ing seven international clinicians provided oversight of 
the guideline development process and endorsed the final 
recommendations.

Project coordinator. The panel was supported by a pro-
ject coordinator and administrative support.

Expert authors. International expert clinicians and 
researchers were invited by the guideline panel to author 
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chapters and develop recommendations for their desig-
nated topic.

Methods experts. Expert authors were assisted by two 
methodological experts who completed the literature 
searches and summarized and synthesized the evidence 
using the GRADE structure.

Individuals with FRDA and/or their families. In con-
trast to the preceding iteration of the guidelines, indi-
viduals with FRDA and/or their families were included 
throughout the development of the guidelines to provide 
a lived perspective of FRDA on the development of top-
ics and the final recommendations, in particular the lay 
summaries of recommendations.

Figure 1 shows how and when these stakeholders con-
tributed to the development of the guidelines.

Topic list
The guideline panel reviewed the topic list from the pre-
vious CMG iteration, identified gaps in the available top-
ics and suggested new topics for inclusion.

Developing the Patient, Intervention, Comparator, 
Outcome (PICO) questions
Expert authors were allocated topics relevant to their 
expertise and were asked to define the scope of their 
designated topic. Authors were instructed that each 
recommendation should answer a focused and sensible 

healthcare question designed according to the Patient, 
Intervention, Comparator, Outcome (PICO) frame-
work. Individuals with FRDA and/or their families 
provided feedback on the PICO questions. The PICO 
questions guided the literature review and generation 
of other evidence if required.

Grading of Recommendations Assessment and Evaluation 
(GRADE)
The GRADE approach is a system for rating the qual-
ity of a body of evidence for clinical practice guidelines 
and grading recommendations in health care. GRADE 
offers a transparent and structured process for devel-
oping and presenting evidence summaries and for 
carrying out the steps involved in developing recom-
mendations [12]. The GRADEpro Guideline Develop-
ment Tool (GRADEpro GDT: GRADEpro Guideline 
Development Tool [Software]; McMaster Univer-
sity and Evidence Prime, 2021; available from https://​
www.​grade​pro.​org), including the evidence table, sum-
mary of findings table and evidence to recommenda-
tion table, was used to generate the guidelines. The 
bespoke structured observation forms used to develop 
these guidelines were based on those presented in the 
GRADE tool (see Additional file  1 for an  example of 
a structured observation form).

Generate PICO question/s
(anticipated recommendations)

FFRRDDAA  CClliinniiccaall  MMaannaaggeemmeenntt  GGuuiiddeelliinneess  ((CCMMGG))  PPrroocceessss  OOvveerrvviieeww

Summarize Evidence 
• GRADE Evidence 

Tables
• Summary of 

Findings TablesDetermine critical and important 
outcomes, incl. harms and benefits

Make 
recommendations 
• Direction
• Strength

Expert authors

1. Determine if indirect evidence 
will be required for each PICO 
question to expand literature 
review to like-conditions

2. Determine if collection of 
expert-based evidence is 
required using Structured 
observation forms

3. Determine if a review of 
patient registry data would 
assist in generating evidence 
for each PICO

Collect data from Structured 
Observation Forms. 
1. Expert authors for that topic
2. All expert authors

Literature 
Search/Review

Endorse 
recommendations 

and guidelines 

If consensus not achieved: 

Delphi Survey

Send Delphi Survey to all 
expert authors

Reach consensus on 
recommendations

Update/write chapters

Generate reports 
from FACOMS 
and EFACTS.

Complete 
Evidence to 
Recommendation 
Tables 

Methods Person FACOMS/EFACTS Guideline Panel Additional options for rare diseasesKey:
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2. Select expert 
authors 

3. Approve CMG 
process

Oversight of Clinical Management Guidelines (CMG) process
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Evidence and 
Summary of 
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Review 
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Fig. 1  Flow chart of the stages of the guidelines development and stakeholder involvement. Red arrows indicate process for obtaining indirect 
evidence. CMG = Clinical Management Guidelines; PICO = Patient, Intervention, Comparator, Outcome; FACOMS = Friedreich’s Ataxia Clinical 
Outcomes Measures; EFACTS = European Friedreich’s Ataxia Consortium for Translational Studies; FRDA = Friedreich ataxia
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Literature search
A literature search for each PICO was completed using 
a comprehensive search of three electronic databases 
(Cochrane Library, CINAHL and MEDLINE) for publi-
cations from January 2014 to June 2020, including only 
English-language publications. Reference lists and the 
authors’ personal libraries were searched for further 
publications. Randomized, non-randomized controlled 
and observational studies were included. Papers identi-
fied in the 2014 guidelines (published prior to 2014) were 
included in the review if not superseded by more recent, 
higher quality literature.

The populations included adults and/or children with 
FRDA. However, when there was minimal published 
evidence, populations with like conditions (such as spi-
nocerebellar ataxia and multiple sclerosis) were included 
in the search.

For each PICO, the review of the literature was sum-
marized and presented to expert authors via the GRADE 
evidence table and summary of findings table.

Registry data
In instances where there was limited published evidence 
on the PICO question, authors had the opportunity to 
interrogate registry data from two international natural 
history registries of clinical information from individu-
als with FRDA: the Friedreich’s Ataxia Clinical Outcomes 
Measures (FACOMS) and the European Friedreich’s 
Ataxia Consortium for Translational Studies (EFACTS). 
The information provided was descriptive only; for exam-
ple, frequency of use of a medication in individuals with a 
specific impairment related to FRDA.

Structured observation forms
If the expert authors anticipated there was limited or no 
published evidence on the PICO question, structured 
observation forms were used to systematically docu-
ment clinical observations by experienced clinicians that 
could contribute to the strength of the recommendation. 
In the first instance, the expert authors (clinicians) work-
ing on that topic completed the form/s independently. If 
responses showed large discrepancies, all expert authors 
were invited to complete the structured observation 

forms. The questions were targeted at clinicians known 
to provide healthcare to individuals with FRDA.

Generation of recommendations
GRADE Evidence to Recommendation tables were used 
to provide the structure for expert authors to decide 
the strength of the recommendation and the level of 
evidence. The evidence base related to each question 
was evaluated according to the criteria of: problem (is 
the issue a significant problem?); desirable effects (of 
the intervention); undesirable effects (of the interven-
tion); certainty of evidence; values; balance of effects; 
and acceptability (of the intervention). Based on the 
responses to these criteria, the type (for or against the 
intervention, or neither) and strength of the recommen-
dation (strong or conditional) were generated. For the 
rating of the strength of the recommendation, in addi-
tion to evidence from studies in FRDA, evidence from 
like conditions, clinical experience and expert consensus 
were taken into account when published evidence was 
not available. In this situation, the level of evidence was 
rated as “low” or “very low”. Table 1 provides an explana-
tion of the symbols used to grade recommendations.

For strong recommendations, consistent with the 
GRADE working group we suggested authors should use 
terminology such as "we recommend…" or "clinicians 
should…", “clinicians should not…” or “do…”, “don’t…” 
For conditional recommendations, we suggested less 
definitive wording, such as "we suggest…" or "clinicians 
might…" or “we conditionally recommend…” or “we 
make a qualified recommendation that…”.

Along with each recommendation, authors provided 
clinical and research justification for the recommenda-
tion and a description of subgroups that might need 
particular consideration in implementing the recommen-
dation, if any.

Best practice statements
Best practice statements were included when applica-
tion of the GRADE framework was not appropriate. This 
was in circumstances where the reverse would not be 
credible; for example, ambulant individuals with FRDA 
who are falling frequently should be offered a detailed 

Table 1  Symbols used to denote strength of recommendation and level of evidence

Strength of recommendation Symbol Level of evidence Symbol

Strong for intervention ↑↑ High ⨁⨁⨁⨁
Conditional for intervention ↑ Moderate ⨁⨁⨁◯
Neither intervention nor comparison – Low ⨁⨁◯◯
Conditional against intervention ↓ Very low ⨁◯◯◯
Strong against intervention ↓↓
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assessment of balance and gait. In addition if recommen-
dations from the 2014 guidelines were deemed still rele-
vant, yet not incorporated into a new PICO thus enabling 
scrutiny from a GRADE framework, they were included 
as best practice statements.

Chapter content
For each topic, expert authors were asked to write a 
chapter elaborating on the evidence and providing back-
ground and context to the best practice statements and 
recommendations. For chapters that did not include 
recommendations or best practice statements, expert 
authors provided an evidence-based overview of the 
topic.

Lay summaries
Expert authors wrote a lay summary of the recommen-
dations related to the topic. Given the target audience 
for this section is individuals living with FRDA, review 
of the lay summaries by individuals with FRDA and 
their families was a crucial component of the guideline 
development.

Achieving consensus
Each of the expert authors needed to agree on the grad-
ing of recommendations. In the case of not achieving 
consensus we proposed the authors use a Delphi survey 
to achieve consensus.

Process of endorsement
The executive panel reviewed the chapter content and 
recommendations and responded to a set of questions 
via an online survey (see Additional file  2). If the panel 
had any reservations about the wording of a recommen-
dation, this was discussed with the relevant authors and 
agreement was reached. Endorsement was then estab-
lished after resolution of these issues with the authors.

Results
Seventy expert clinicians contributed to writing the 
guidelines. In addition, seven individuals with FRDA and 
four individuals who care for someone with FRDA pro-
vided input from the perspective of the lived experience 
of FRDA.

Based on the contents of the previous iteration of 
the guidelines and identified gaps, the guidelines panel 
defined 17 overall topics for inclusion in the new guide-
lines, resulting in 17 separate chapters. As shown in 
Table  2, within the main topics there are specific sub-
topics included. For example, there are 11 separate 
health issues within Neurological Components of FRDA 
(Sects.  3.1 to 3.11). New topics (since 2014) include 
emergency medicine, digital and assistive technologies 

and a separate topic (with 3 sub-topics) dedicated to 
mental health (this was previously included as part of the 
Quality of Life topic). Three of the chapters (1, 2 and 12) 
provide overviews of topics that did not generate PICOs, 
and consequently do not contain recommendations, 
although chapter  12 contains best practice statements. 
For the other 14 main topics, expert authors used the 
GRADE rare-diseases process to assess the evidence for 
130 PICOs, generating 130 recommendations. Authors 
were able to achieve consensus on all recommendations 
without the use of a Delphi survey. In addition to the 130 
new recommendations, there are 95 best practice state-
ments included across the 17 chapters.

Table  3 lists all best practice statements and recom-
mendations under each topic and sub-topic heading, 
along with the symbols denoting the strength of the rec-
ommendation and the level of evidence for each recom-
mendation (the symbols denoting the strength of the 
recommendation and level of evidence are explained in 
Table 1). The full tables of recommendations, each with 
accompanying justification (based on evidence and clini-
cal expertise) and subgroup considerations, as well as 
chapter contents and lay summaries are available online. 
“Evidence to Recommendation” tables showing how each 
recommendation was developed with summaries of the 
evidence can also be viewed on the website (https://​frdag​
uidel​ines.​org/).

Table  3 shows that the majority of recommendations 
are supported by a very low or low level of evidence, 
reflecting the lack of high-quality clinical studies of many 
aspects of FRDA. However, in many cases, a conditional 
or strong recommendation was made based on the cri-
teria specified in the GRADE rare-disease process. For 
23 of the 130 PICO questions, the authors were not able 
to generate a recommendation either for or against the 
intervention. In these cases, the authors considered there 
was not enough data in FRDA or other conditions, or 
enough solid clinical experience to make any judgement 
about whether these particular interventions may be 
useful or not in FRDA. Sixteen recommendations were 
either conditional or strong recommendations against 
the intervention, while the rest (n = 91) were conditional 
or strong recommendations for the intervention.

Discussion
FRDA presents with a unique, heterogeneous pheno-
type that spans both childhood and adulthood. As such, 
CMGs for FRDA need to provide expedient clinical guid-
ance for clinicians, particularly those less familiar with 
the condition. The diverse manifestation and complex-
ity of FRDA mandates appropriate CMGs developed in 
a transparent manner, via a process able to synthesize 
available evidence and delivered in a clear and concise 

https://frdaguidelines.org/
https://frdaguidelines.org/
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manner [9]. Consistent with the approach taken by Pai 
and colleagues [9], we demonstrated that by adopting the 
RARE-Bestpractices Working Group structure, develop-
ing robust CMGs according to the GRADE framework 
is feasible for FRDA. Adopting the RARE-Bestpractices 
Working Group framework made it possible to utilize 
evidence in like conditions, clinical expertise, registry 
data and feedback from the structured observation forms 
to make useful recommendations even where evidence in 

FRDA was low. This process has seen the genesis of 130 
new recommendations and 95 best practice statements 
across 17 broad topic areas.

The addition of new topics was crucial to this iteration. 
For example, a consistent theme in the development of 
these guidelines was the frustration of both affected indi-
viduals and clinicians alike regarding the experience of 
someone with FRDA presenting to the emergency room. 
By most accounts, many emergency room physicians 

Table 2  Clinical management guidelines for Friedreich ataxia—topics

1 Overview of Friedreich ataxia

2 Potential disease modifying therapies for Friedreich ataxia

3 Neurological components of Friedreich ataxia

3.1 Upper limb dysfunction

3.2 Strength, balance, mobility and reduction of falls in ambulant individuals

3.3 Strength, balance, mobility and reduction of falls in non-ambulant individuals

3.4 Spasticity and spasms

3.5 Dysarthria

3.6 Dysphagia

3.7 Vision

3.8 Lower urinary tract and bowel function

3.9 Sexual function

3.10 Auditory and vestibular function

3.11 Cognitive function

4 The heart and cardiovascular system

5 Surgical and anesthetic considerations

6 Pulmonary function and sleep disturbance

6.1 Reduced pulmonary function and pulmonary infection

6.2 Sleep disordered breathing and hypoventilation

6.3 Restless legs and/or periodic limb movements in sleep

7 Fatigue

8 Pain

9 Orthopedic issues

10 Endocrine and metabolic issues

10.1 Diabetes

10.2 Osteoporosis

10.3 Assessing nutritional status

11 Genetic issues

12 Compound heterozygosity

13 Family planning and pregnancy

14 Mental health issues

14.2 Depression

14.3 Anxiety

14.4 Psychosis

15 Presentations to the emergency department

16 Digital and assistive technologies

17 End of life care

17.1 Advance care planning

17.2 Palliative care

17.3 End of life hospice care
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have scarce clinical experience with FRDA and as such 
may be unsure how to manage issues such as chest pain, 
trauma or urinary tract infection in the context of FRDA. 
These CMGs now specifically address this knowledge 
gap by providing an additional resource to the clinician. 
Inclusion of such topics reflects the importance of incor-
porating those who have a lived experience of FRDA and 
the challenges of navigating the health system, into each 
step of the development of these guidelines. The inclusion 
of the lived experience of FRDA provided an important 
differentiation from the 2014 guidelines and was pivotal 
in identifying the gaps in those guidelines that required 
attention. In addition, the inclusion of lay summaries of 
the recommendations was a significant new initiative. 
Whilst the target audience of the guidelines is healthcare 
professionals, provision of a lay summary of the clinical 
recommendations will assist individuals with FRDA and 
their families in understanding how best to manage their 
health and well-being and support shared decision-mak-
ing with healthcare providers. Lay summaries underwent 
comprehensive scrutiny by individuals living with FRDA 
to ensure they address this requirement.

Ensuring the contemporaneous nature and sustain-
ability of recommendations is an important component 
of guideline development [13]. As new evidence comes 
to light it is important that recommendations can be 
modified in real time. The use of the GRADE framework 
provides not only a robust, transparent structure to the 
development of the guidelines, but ensures a process of 
continual updating of the recommendations as new evi-
dence emerges. Moreover, it is anticipated that the guide-
lines will not only identify the gaps in evidence but also 
facilitate further studies to address these gaps. Indeed, by 
the end of this iteration of guideline development, two 
papers have already arisen from this important process 
[14, 15].

A further critical component to developing guidelines 
is dissemination and ensuring the guidelines are openly 
available and easily accessed by clinicians and others in 
need of the information. Again, the opinions of clini-
cians and individuals with a lived experience of FRDA 
was sought in deciding the best repository and process 
of dissemination of the CMGs. An important component 
of dissemination is ensuring transparency, access to the 
evidence to recommendation tables that underscore the 
recommendations and the opportunity for future work 
such as translation into languages other than English. 
Incorporating suggestions from stakeholders, a dedicated 
website has been designed to house the CMGs, including 
chapter content, lay summaries, recommendations, best 
practice statements and the evidence to recommendation 
tables. Ongoing review of this process of dissemination 
will occur via the website.

Finally, it is important to reiterate these CMGs are 
intended to assist healthcare professionals to make 
informed treatment decisions about the care of individ-
uals with FRDA. They are not intended as a sole source 
of guidance in managing issues related to FRDA. Rather, 
they were designed to assist clinicians by providing an 
evidence-based framework for decision-making. Ulti-
mately, healthcare professionals must make their own 
treatment decisions about care on a case-by-case basis, 
after consultation with individuals living with FRDA, 
consideration of local or geographical issues including 
fiscal issues, and using their clinical judgement, knowl-
edge and expertise. Developing guidelines for rare dis-
eases such as FRDA is challenging; however, we believe 
the blueprint we have provided for this process will be 
applicable to other clinicians striving, as we are, to pro-
vide the best possible clinical care to people who live with 
rare conditions.
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