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A B S T R A C T

The International Rare Diseases Research Consortium (IRDiRC) Telehealth (TH) Task Force explored the use of
TH for improving diagnosis, care, research, and education for rare diseases (RDs). The Task Force reviewed
related literature published from January 2017 to August 2023, and identified various models and imple-
mentation strategies of TH for RD. The Task Force highlighted the reported value and benefits of using TH for
RDs, along with the limitations and opportunities. The number of publications sharply increased since 2021,
coinciding with the onset of the COVID-19 pandemic, which forced the rapid adoption of TH in many healthcare
settings. One of the major benefits of TH for RDs lies in its capacity to surmount geographical barriers, which
helps in overcoming the constraints posed by limited numbers and geographical dispersion of specialists. This
was evident during the pandemic when TH was used to maintain a level of continued medical care and research
when face-to-face visits were severely restricted. TH, through which clinical research can be decentralized, can
also facilitate and enhance RD research by decreasing burden, expanding access, and enhancing efficiency. This
will be especially beneficial when coupled with the adoption of digital health technologies, such as mobile health
(mHealth) and wearable devices for remote monitoring (i.e., surveillance of outpatient data transmitted through
devices), along with big data solutions. TH has also been shown to be an effective means for RD education and
peer mentoring, enabling local health care providers (HCPs) to care for RD patients, which indirectly ensures that
RD patients get the expertise and multidisciplinary care they need. However, limitations and weaknesses
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associated with using TH for RD care and research were also identified, including the inability to perform
physical examinations and build relationships with HCPs. Therefore, TH has been recommended as a comple-
ment to, rather than substitute for, face-to-face consultations. There is also a concern that TH may lead to an
amplification of health disparities and inequities related to social determinants of health for those with RDs due
to lack of access to TH technologies, inadequate digital literacy, and geographical, socio-cultural, and linguistic
barriers. Finally, the Task Force also discussed evidence and knowledge gaps that will benefit from future
research efforts to help advance and expand the use of TH for RD care, research, and education.

1. Introduction

The International Rare Diseases Research Consortium (IRDiRC) is an
international collaborative initiative launched in 2011 to advance di-
agnostics and treatments of rare diseases (RDs) through research (Austin
et al., 2018). Gaps and key issues in RD research are identified and
tackled by IRDiRC through Task Forces. Telehealth (TH) was identified
as an emerging topic with untapped potential to revolutionize care,
research, and training for RDs. The IRDiRC TH Task Force was estab-
lished in October 2021 to explore the use of TH to improve access to
diagnosis, care, prevention, and research experiences for RD patients
worldwide, as well as provide education and peer mentoring of RD
health care providers (HCPs).

The Task Force identified three key objectives: (1) Conduct a review
of published literature on existing models of TH, their uptake and usage
by the RD community, and their specific value and effectiveness, in
order to identify the factors that enhance or limit their adoptability,
sustained use, ease of access, and effectiveness in the RD community; (2)
Identify barriers to and opportunities for the use of TH to improve access
to diagnosis, care, prevention, and research experiences for RD patients
and providers as well as continuing education and peer mentoring for
HCPs, including technological, legal, cultural, linguistic, healthcare
system, and patient/provider factors; and (3) Identify evidence gaps for
which future recommendations can be developed for introducing and
enhancing TH services into RD communities.

2. Methods

2.1. Definition of TH

The Task Force adopted the World Health Organization (WHO) 2010
definition of TH with modification specifically for RDs (in italics): “The
delivery of health care services, where distance is a critical factor, by all
health care professionals using information and communication tech-
nologies for the exchange of valid information for diagnosis, treatment
and prevention of RDs, research and evaluation, and for the continuing
education of health care providers, all in the interests of advancing the
health of individuals with RDs and their communities.”

2.2. The Task Force

The IRDiRC TH Task Force is composed of 18 members from 13
countries, covering Europe, North America, Asia, Africa, and Australia.
Members include international opinion leaders representing national
funding bodies, RD patients, patient advocates, clinicians, researchers,
and a company representative. Based on the WHO TH definition, the
group identified three topics, or key areas of focus: (1) TH for Diagnosis,
Treatment, and Prevention; (2) TH for Research and Evaluation; and (3)
TH for Continuing Education and Peer Mentoring of HCPs. Task Force
members established three working groups, based on their expertise and
interest, each focusing on one of these topics.

2.3. Literature search

We conducted a scoping review of the literature to identify existing
TH models being used and their implementation strategies, specifically

related to RDs. Furthermore, we curated data from various publications
to perform a comprehensive Strengths, Weaknesses, Opportunities,
Threats (SWOT) analysis. Our search covered articles published from
January 2017 to August 2023 on PubMed, with additional references
from Google Scholar, CORDIS, and relevant national and international
TH/digital health guidelines and recommendations identified by Task
Force members. For the PubMed search, we employed a combination of
two sets of keywords for rare diseases AND telehealth based on task
members’ suggestions (with an asterisk indicating a wildcard symbol):
(rare disease* or rare condition* or rare disorder*) AND (telehealth or
telemedicine or tele-health or tele-medicine or "digital health" or "digital
medicine" or telecare or tele-care or teledoctor or tele-doctor or "virtual
doctor" or "virtual health care" or "virtual healthcare" or "virtual hospi-
tal" or "telephone consultation*" or "telephone counseling" or "telenurse"
or "tele-nurse" or teleconsultation or tele-consultation or telecounseling
or tele-counseling or econsultation or e-consultation or ecounseling or e-
counseling or "remote consultation*" or "remote-consultation*" or
"remote counseling" or "remote-counseling" or mhealth or "mobile
health" or econsult* or e-consult* or eteaching or e-teaching or elearning
or e-learning or ehealth or "remote learning" or "remote teaching" or
"remote mentoring" or ementoring or e-mentoring or "video con-
sultation*" or "video counseling"). Additional search terms related to
Project ECHO with RD generated a few additional papers and were
combined with the above search results for review: (teleECHO or tele-
ECHO or "project ECHO") AND (rare disease* or rare condition* or
rare disorder*). The RD/TH search strategy was also employed in
combination with “COVID” to analyze the related use of TH for RDs
during the COVID-19 pandemic. Task Force members screened abstracts
for relevance related to TH and RDs for further review, while assigning
each publication to the three topics. Members in each of the three
working groups reviewed the abstracts of the papers assigned to their
group for relevance and selected papers of high relevance and strength
of evidence for further review and analyses. Discrepancies were dis-
cussed at regular working group meetings and task force meetings. Each
working group established a writing group to summarize their conclu-
sions and create a SWOT analyses for the working group chairs (FHC,
MAP, and ALH) to synthesize into the final manuscript.

3. Results and discussion of key findings of the task force

Our PubMed search returned 491 articles published between
January 2017 and August 2023. Task Force members screened abstracts
for relevance related to TH and RDs and selected 358 publications for
further review. The publications were assigned to the topic areas as
follows: Topic 1: TH for Diagnosis, Treatment, and Prevention (167),
Topic 2: TH for Research and Evaluation (158), or Topic 3: TH for
Continuing Education and Peer Mentoring of HCPs (33). Papers were
most often published by European (204) and North American (101)
authors. A peak of publications beginning in 2021 continued into 2023,
which coincided with the onset of the COVID-19 pandemic and the rapid
adoption of TH during the pandemic and beyond (Fig. 1).

Many publications identified patients and families as the main ben-
eficiaries of TH. This is evident especially during the COVID-19
pandemic, as TH has been essential in filling the critical gaps in medi-
cal access and continuing patient care when in-person visits were
severely restricted.
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4. TH models and strategies used for RDs

There is a wide array of TH models that can be used as “information
and communication technologies" for the “delivery of health care ser-
vices” that are encompassed within the WHO definition. TH models and
implementation strategies that were identified in our literature search
included the traditional ones such as email, text message, audio/video
conferencing using telephone, web-based video calls, or videoconfer-
ence on computer or tablet (Hari Eswaran et al., 2022). mHealth tech-
nologies and remote patient monitoring have gained significant
prominence and have been reported to be used frequently. Wearable
devices and smartphone applications have been used to generate large
amounts of research data that contribute to outcome measurement.
Electronic Health Records (EHR) have also been leveraged to advance
RD patient care as well as research objectives. Other models include
digitally enabled care systems, established to allow patients to report
progress and symptoms from their homes (Wasilewska et al., 2022;
Cerdán-de-Las-Heras et al., 2021; Khan et al., 2015). The use of TH for
remote monitoring facilitates Real-World Evidence (RWE) for medical
products, and has been described as very promising in enhancing patient
engagement, improving accessibility, and delivering high-quality med-
ical/clinical services tailored to individual clinical needs (Wasilewska
et al., 2022; Khan et al., 2015). Other strategies include websites to
disseminate information on treatment guidelines, adverse drug effects,
and suggestions for RD patients during the COVID-19 pandemic (Brizola
et al., 2020). Chatbots have been tested in triaging RD patients, con-
necting them with the appropriate experts, providing personalized
treatment recommendations, and increasing patient engagement (Li,
2023). Deep learning methods for automation and robotic devices for
surgical interventions/procedures were also reported (Wijnen et al.,
2017). In a study involving children with Prader-Willi syndrome, a
six-week play-based TH intervention was shown to improve cognitive

and affective processes for the children. This role play approach
modelled social interactions, emotional understanding, and emotional
regulation skills. This approach may have potential applications for
children with other RDs characterized by developmental delay and/or
social-emotional dysregulation (Dimitropoulos et al., 2017).

5. TH for RD diagnosis, treatment, and prevention

There were 167 papers in the literature review that focused on the
topic of using TH for RD diagnosis, treatment, and prevention.

6. Diagnosis

TH has been used to diagnose RDs. The European Reference Net-
works (ERNs) are cross-border networks bringing together European
hospital centers of expertise and reference (tertiary care centers) and
HCPs across the European Union (EU) to tackle low prevalence (or RDs)
and complex diseases and conditions requiring highly specialized
healthcare. ERNs use a secure digital platform to facilitate clinical
consultations and expertise sharing between referring clinicians and
international experts. The ERN for Intellectual Disability, Telehealth,
and Congenital Anomalies (ERN-ITHACA), for example, reported using
this platform to help with diagnosis in the vast majority (27 out of 28) of
its query cases during its first year of operation (Smith et al., 2020).

TH services have been shown to facilitate access to genetic services for
patients living in remote locations. Toaddress the global shortage ofHCPs
specializing in genetics, who are also predominantly concentrated in
large academic centers, a partnership model was created in the Domin-
ican Republic between pediatricians and geneticists. This approach
mirrors a strategy used in the United States (Kubendran et al., 2017) but
operates in a setting of two different countries, healthcare systems, and
cultural contexts. Patients were referred if their local HCP suspected a

Fig. 1. Numbers of publications related to TH for RDs from 2017 to 2023.
The number of PubMed references related to TH for RDs are shown in bar graph format by publication year, along with their relevance to either the topic of TH for RD
diagnosis, treatment, and prevention (blue), for research and evaluation (grey), or for HCP continuing education and peer mentoring (red). The number of publi-
cations by year on the topic of TH for RDs related to the COVID-19 pandemic is shown in the line graph (green).
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syndromic or genetic etiology. Pediatricians first evaluated patients prior
to the TH appointment to review family and medical history. Then, ge-
netic visits were scheduled in collaboration with a TH program at Cin-
cinnati Children’s Hospital Medical Center. Over a span of five years, a
total of 66 individuals were evaluated, with 57 individuals undergoing
genetic studies, resulting in molecular diagnoses for 39 individuals. This
approach demonstrated the clinical utility of a partnership between ge-
neticists and pediatricians to provide TH services for RD diagnosis in an
international setting (Mena et al., 2020).

Mobile applications and software can also help in RD diagnosis,
follow-up, and treatment. For instance, the ERN on Rare Multisystemic
Vascular Diseases developed a mobile app equipped with features
enabling users to locate expert centers and patient organizations
specializing in rare multisystemic vascular diseases across Europe. It
also developed resources for training and education via digital platforms
(eLearning) (Paglialonga et al., 2021). Similarly, three dimensional (3D)
facial analysis, using free and open access software, has been deployed
for remote diagnosis and treatment monitoring, offering support in
Western Australia (Cliniface).

7. Remote monitoring

Another reported significant application of TH for RD care is remote
monitoring. The Internet of Things (IoT) – connected devices that are
wearable, such as smart watches and biosensors – has provided new
mechanisms to help patients stay connected with HCPs through remote
monitoring and data collection (Huhn et al., 2022), (Servais et al., 2021),

(Donald et al., 2019), (Petracca et al., 2021). This approach enables the
collection of real-time data, including patient-reported outcomes; in
addition, it fosters patient engagement as an integral part of real-world
information gathering (including aspects of self-care), education, and
multidisciplinary care. One study conducted stakeholder interviews of
payers and policymakers in four countries (United Kingdom, Germany,
Italy, and Spain), and evaluated their policies, insurance reimburse-
ment, and quality indicators for various chronic diseases that employed
remote disease monitoring. The findings indicated a moderate-to-high
value of remote assessment, particularly benefiting patients who had
been recently discharged from hospitals, those living in remote areas,
and those with serious and/or complicated diseases (Rojahn et al.,
2016). Although derived from common chronic diseases, these conclu-
sions are also applicable to RDs, especially considering that many RDs
require continuous lifelong outpatient care.

In addition to reduced patient burden, remote assessments can pro-
vide valuable clinical outcome data and may provide a more robust
understanding and characterization of disease impact on RD patients, as
exemplified by the case of neuromuscular diseases (Montes et al., 2022).
Remote assessments can also facilitate better adherence and can serve as
a viable alternative to in-clinic assessments (Tjeertes et al., 2023; Davies
et al., 2020), though a combination of in-clinic and at-home clinical
outcome assessments may be preferred whenever possible.

In the field of neuro-oncology, a study explored caregivers’ satis-
faction with the current supportive care provision for their loved ones
with rare primary brain tumours in two different countries. The study
also collected caregivers’ thoughts on monitoring their care issues with
both paper-based and digital instruments. Results showed that care-
givers preferred a brief and easy-to-use ‘blended care’ instrument that
combined digital monitoring with personal feedback; this was likely not
influenced by country- or culture-specific differences (Boele et al.,
2017).

In addition to qualitative measures of the benefit of TH, some studies
also showed quantitative evidence of the benefits of TH as compared to
standard face-to-face care. Some studies have shown that TH can deliver
effective patient care for disease progression monitoring for some RDs.
For example, for Spino-Bulbar Muscular Atrophy (SBMA) patients, two
clinical scales have been used to assess disease progression: Adult
Myopathy Assessment Tool (AMAT) and SBMA-Functional Rating Scale

(SBMA-FRS). During the pandemic, SBMA patients monitored by TH and
assessed by remotely administered AMAT and SBMA-FRS showed
comparable disease progression as compared to results from in-person
visits. This suggests that TH-delivered disease monitoring is a valid
tool to monitor patients with SBMA. Thus, AMAT and SBMA-FRS scales
delivered by TH can be effectively, reliably, and easily administered
remotely (Fenu et al., 2023).

Another study evaluated a three-month program of home electronic
spirometry (e-spirometry) monitoring of pulmonary function and res-
piratory muscle strength in Duchenne Muscular Dystrophy (DMD), as
well as patients’ benefits from the telemetric program. The study indi-
cated high compliance with the home telemonitoring program, with no
significant differences between hospital and at-home spirometry results.
Importantly, the study showed that the primary benefit of home e-
spirometry for DMD patients was improved breathing, and concluded
that remote home spirometry is suitable for daily monitoring of pul-
monary function in DMD patients and can support respiratory muscle
training (Wasilewska et al., 2022). However, to overcome the observed
irregular measurements, patient education and regular reminders are
needed to optimize its benefits (Wasilewska et al., 2021).

8. Treatment and prevention

Many of the published papers report on the use of TH for the treat-
ment and management of RD patients. One major advantage of TH is its
ability to offer multidisciplinary and specialty care to RD patients. TH
has been shown to enable complex multidisciplinary care for RDs,
particularly in situations where expertise is limited, especially among
underserved populations, in small community hospitals, or at private
clinics. Through videoconferencing, individual cases can be discussed,
enabling interdisciplinary and even international collaborations and
consultations, along with knowledge-sharing and mentorship. This has
been beneficial for very rare disorders such as intestinal failure (Winkler
et al., 2021). TH can also facilitate building integrative care networks to
enable access to multidisciplinary specialized health care workers and
supportive services. These networks expand access to experts in specific
conditions, reduce unwanted variations in care practice, and streamline
care coordination (van de Warrenburg et al., 2021).

In a program developed for Inherited Metabolic Disorders (IMD)
patients who were identified by the newborn screening program in
Georgia in the U.S., the Georgia Medical Nutrition Therapy for Pre-
vention (MNT4P) program and the Public Health Informatics Institute
developed and deployed a digital public health informatics product. The
goal of this system was to support lifelong management, deliver
personalized nutrition treatment programs, and track long-term health
outcomes and needs for these patients. It complies with U.S. privacy
regulations, streamlines record-keeping, standardizes data, and harmo-
nizes with the EHR. It allowed the MNT4P staff to transition away from
the previous manual processes and expedite the adoption of a TH model
during the COVID-19 pandemic. This transition ensured the availability
of digital, centralized patient records, ensuring uninterrupted patient
care during statewide lockdowns (Singh et al., 2022).

TH also serves as a means to provide specializedmedical and hospital
care in geographically remote areas with limited expertise, effectively
contributing to capacity-building efforts. For example, the care of pa-
tients with Prader-Willi syndrome can benefit from multidisciplinary
approaches involving collaboration between academic centers, medical
homes, industry stakeholders, and parent organizations (Duis et al.,
2019). In the case of Hereditary Angioedema (HAE), a TH service
operated by trained clinicians has been instrumental in reducing hos-
pital admissions for severe HAE attacks (Riedl et al., 2022). In this way,
TH approaches can improve access and delivery of high-quality medical
and clinical services, tailored to meet individual clinical needs, thereby
providing personalized medicine (Paglialonga et al., 2021). Ultimately,
these strategies collectively aim to prevent medical complications in RD
patients and improve their long-term quality of life.
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THhas alsobeenused to improve the treatmentofRDs throughpatient-
and caregiver-targeted educational programs. For instance, the Cure
Progressive Supranuclear Palsy Care Guide is an example of a targeted TH
nursing intervention designed to provide knowledge, guidance, resources,
and local support for individuals and families living with the condition,
thereby building a supportive community (Dunlop et al., 2016). A similar
model is currentlybeing evaluated inmultiple states inAustralia (Cannata,
2023). Moreover, electronic and mHealth platforms have been used to
engage RD patients and their families to build evolving knowledge about
their disease. A report on qualitative data from a pilot study utilizing a
mobile device-delivered platform showed its effectiveness in addressing
caregiver and individual needs for knowledge, dailymanagement tips and
support, and other resources (Lanzola et al., 2014). Another qualitative
study found that caregivers of children with Osteogenesis Imperfecta (OI)
identified internet-based technologies to be beneficial in supporting their
caregiving needs, including daily caregiving activities, seekingOImedical
information, and reducing social isolation (Castro et al., 2019).

9. COVID-19 and RD diagnosis, treatment, and prevention

The COVID-19 pandemic highlighted the beneficial role of TH in the
treatment and management of RD patients. The COVID-19 pandemic
brought on an abrupt and unprecedented disruption of healthcare sys-
tems globally, with HCPs often stretched to, or even beyond, their ca-
pacity. In addition to the uncertainties of whether the specific RD poses
additional risks for contracting COVID-19 or poor prognosis after
infection, RD patients encountered additional barriers to accessing care,
especially during the early phase of the pandemic when medical re-
sources and HCPs were shifted to prioritize pandemic-related care. RD
patients identified reduced healthcare access as the top issue they faced
during the pandemic, and reported either cancellations or delays to their
appointments, diagnostic tests, and medical therapies (Manzi, 2022;
Schwartz et al., 2021; Hughes et al., 2021; Lampe et al., 2020). These
disruptions had detrimental effects on the delivery of standard care
(Hughes et al., 2021) and led to delays in diagnosing new cases. The
extent of the long-term impact of the pandemic on the RD community is
yet to be fully understood.

However, the pandemic also prompted rapid reorganization within
healthcare and research systems, leading to the adoption of THmeasures
and services, even in cases where readiness for implementation was
lacking. This shift was necessary in order to minimize the risk of COVID-
19 exposure for both patients and providers. While some medical spe-
cialties had to swiftly implement TH during the pandemic (Radtke et al.,
2021), it is worth noting that TH services already existed for some
specialties that treat a number of RDs, such as neurology, rheumatology,
and clinical genetics. The pandemic acted as a catalyst, pushing all
medical specialties to overcome barriers and accelerate a process
already underway. Despite the challenges posed by adopting a new
technology and limited evidence of best practices for most RDs, TH
offered a level of access and continuity of medical care for RD patients
during the pandemic that would have been impossible otherwise. The
surge in the adoption and the preference for TH became evident during
the pandemic, and its benefits were shown to prevent treatment gaps
(Fenu et al., 2023; Radtke et al., 2021; Smyth et al., 2022; Soussand
et al., 2022; Pareyson et al., 2021), thereby mitigating the pandemic’s
impact on RD patients (Radtke et al., 2021). Both patients and some
HCPs reported satisfaction with its ease of use (Wasilewska et al., 2021,
2022; Radtke et al., 2021; Walsh and Markus, 2019). TH emerged as a
viable alternative to certain face-to-face consultations during the
pandemic, effectively bridging geographical gaps and preventing com-
plications by maintaining contact between HCPs and patients virtually.

10. Limitations and weaknesses of using TH strategies for RD
diagnosis and treatment

There are several drawbacks and limitations in the use of TH for RD.
While TH has been instrumental in providing continuity of patient care
during the COVID-19 pandemic despite limited evidence of best prac-
tices for most RD specialties, its rapid, widespread use also highlighted
its weaknesses and raised concerns about its ubiquitous application
without sufficient validation of its appropriate use. One of the most
commonly cited concerns is related to the inability to perform physical
examinations remotely, which can be crucial for identifying subtle
diagnostic clues and monitoring response to treatments (Radtke et al.,
2021). TH has also been associated with a higher risk of diagnostic
inaccuracies. In one study, patients and clinicians rated telemedicine
worse than face-to-face consultations for assessment accuracy even
though it was considered more convenient (Sloan et al., 2022). This
limitation is particularly relevant for RD patients with neuromuscular
disorders and cognitive deficits, or those who did not have a diagnosis.
Finally, THwas also associated with an increase in inappropriate genetic
testing. Due to the limited in-person evaluations because of TH, more
genetic tests may be ordered when they might not be appropriate. This
resulted in lower accuracy of the test (and worse pre-test probabilities),
higher healthcare expenses and utilization, and less time and resources
to test and counsel those patients who would have the greatest benefit.

Other limitations are the challenge of establishing a strong
physician-patient relationship and the difficulties faced by some patients
who may be uncomfortable with the technical aspects of using an
electronic interface. In this regard, TH has been recommended to be
used as a complement to, rather than a substitute for, face-to-face con-
sultations (El-Hassar et al., 2023). Overall, it is not clear if some of these
negative experiences may have been due to the pandemic or telemedi-
cine specifically. Some authors have concluded that training, personal
preference, careful patient selection for TH, and further consultations
with clinicians and patients is required to increase TH’s acceptability
and safety (Sloan et al., 2022).

Many remote measures have not been specifically validated for vir-
tual environments compared to in-person visits, limiting their utility
prior to the pandemic. Without many options, clinicians had to adapt
protocols for in-person visit monitoring for virtual settings during the
pandemic. For example, neuromuscular disease (NMD)-specific clinical
outcome assessments (COAs) have been developed through rigorous and
iterative processes over many years. They were quickly adapted for
remote monitoring during the pandemic. However, it also became clear
that existing COAs required modifications for use in a virtual environ-
ment, limiting the interpretation of the information gathered remotely
when compared to standard, in-person administration (Montes et al.,
2022).

HCPsmay also experience barriers to the use of TH for RDs, including
a lack of awareness about TH capabilities or inadequate training or
experience in using these technologies. HCPs and healthcare organiza-
tions may also face the challenge of the huge amounts of data generated
by TH that can be difficult to manage (Nakshbandi et al., 2021; Bergier
et al., 2021). In addition, reimbursement for TH services may be limited
or nonexistent, which can discourage providers from offering them to
patients. In fact, many insurers are still unequipped to recognize this
mode of health delivery and its associated reimbursement policies
(Nakshbandi et al., 2021).

A significant concern is that TH may lead to an amplification of
health disparities and inequities that may impact future TH policies.
Many RD patients have limited access to TH. This can be due to the
disease itself that may have affected the cognitive function of the pa-
tients, or social drivers of health, such as the availability of the necessary
technology and digital literacy, i.e., the “digital divide” (Nadipelli et al.,
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2022; Hsieh et al., 2023). Many patients with RDs live in rural or un-
derserved communities, where access to broadband internet and other
necessary technology infrastructure may be limited or absent. In addi-
tion, some patients may not have the financial resources to pay for
necessary technologies for TH or may not have insurance coverage for
these services (Rojahn et al., 2016). Finally, privacy and consent chal-
lenges may arise if consultations were visible or overheard by unin-
tended parties without the knowledge of the patient, family, and/or
HCP.

11. TH for RD research and evaluation

11.1. Application of TH for RD research

Various TH models and methodologies, including digital health,
have been used in RD research. These approaches have the potential to
not only adjuvate, promote, or accelerate advances in RD diagnosis and
treatment, but also to alleviate some of the challenges associated with
RD research. Most importantly, TH can enhance the recruitment and
retention of RD patients in studies, which often present significant
hurdles. Even though many RD patients are engaged and dedicated to
research, there are many barriers limiting their participation in tradi-
tional research protocols. These barriers include the demanding
requirement of traveling to specialized study centers with the appro-
priate expertise for study enrollment, treatment, and follow-up visits.
This is particularly difficult when RD patients are geographically
dispersed. One study used remote video conferencing to test a parent-
delivered developmental intervention for infants with Tuberous Scle-
rosis Complex, and found that this TH strategy was effective in
addressing challenges in recruitment, yielding a more diverse cohort
(Hyde et al., 2020). TH helped increase the number of research partic-
ipants both in quality and quantity, as wider geographical areas were
represented, thereby increasing the research capacity and reach in areas
with limited clinical resources. Patients with medical comorbidities that
affect mobility could also be recruited, by eliminating or reducing the
need for travel. Rapid acceleration in clinical trial enrollment was thus
accomplished by a strategy of remote intervention and assessment
(Hyde et al., 2020).

The recent explosion of digital health technologies and methodolo-
gies has also impacted RD research, including mHealth, wearable
technologies, and sophisticated analytical tools used in big data science,
such as Artificial Intelligence (AI)/Machine Learning (ML) and EHR
(Davies et al., 2020; Bergier et al., 2021; Mohan et al., 2022). For
example, a study on Huntington’s disease (HD) took advantage of an
existing large dataset integrating several observational studies, and
applied machine-learning approaches. The results showed that HD
clinical phenotypes can be segregated into nine clusters of increasing
severity defined by varying combinations of motor, cognition, and
function measurements. This provided a more holistic view of disease
progression as compared to the previous models andmay improve future
clinical trial design and participant selection (Mohan et al., 2022).

Digital health technologies also enable large, multi-centre data sets
to be examined for rare disorders in a real-world setting. Different
studies reported that TH provided a platform for patients to easily pro-
vide feedback, thereby enhancing a patient-centred approach to
improve research outcomes. Combining patient-reported outcomes with
event reporting through wearable device apps in home settings was
shown to be more accurate compared to one-time evaluations in a
clinical setting (Huhn et al., 2022; Davies et al., 2022). A feasibility
study showed that RD patients with late-onset Tay-Sachs and Sandhoff
diseases were very enthusiastic and motivated to engage with mHealth
and wearables for an observational study, which collected a large
amount of real-time symptom data and mobile Patient Reported
OutcomeMeasures (PROMs) to identify the disease impact (Davies et al.,
2020).

11.2. Strengths and opportunities for using TH in research

In a landmark decision, the European Medicines Agency (EMA)
qualified the first digital endpoint and approved the first wearable-
derived digital clinical outcome assessment acceptable for use as a
secondary endpoint in clinical trials for DMD (Servais et al., 2021). This
constitutes a major breakthrough in the adoption of novel digital end-
points in drug development as it allows functional assessments to be
performed in patients’ homes with objective, continuous, and sensitive
measurements of functional ability during daily life, thus providing
high-quality and meaningful efficacy data. This approach has the po-
tential to also reduce the burden on patients and caregivers in clinical
trials and can enable more efficient drug development (Servais et al.,
2021).

The COVID-19 pandemic disrupted the regular flow of traditional
clinical research, acting as a catalyst for immediate and widespread
implementation of TH methods and measures. During the pandemic,
clinical study protocols were quickly modified to minimize the exposure
of researchers and research subjects to the virus. In response, to ensure
the safety of trial participants, the U.S. Food and Drug Administration
(FDA) issued a guidance on the “Conduct of Clinical Trials of Medical
Products During the COVID-19 Public Health Emergency” (US Food and
Drug Administration, 2023a), allowing trial sponsors to decide whether
alternative methods for safety assessments would be feasible and suffi-
cient, such as phone contact, virtual visit, alternative location for
assessment including local laboratories or imaging centers. The FDA also
issued a draft guideline on Decentralized Clinical Trials (DCTs) (US Food
and Drug Administration, 2023b). The FDA states that a “DTC refers to a
clinical trial where some or all of the trial-related activities occur at
locations other than traditional clinical trial sites,” and “these
trial-related activities may take place at the homes of trial participants
or in local healthcare facilities that are convenient for trial participants”.
The DCT draft guidance also states that “advances in clinical care using
electronic communications and information technology to interact with
trial participants in different locations (i.e., TH) allow for fewer
in-person visits to clinical trial sites and facilitate decentralization. In
addition, digital health technologies have expanded the types of
trial-related data that can be obtained remotely from trial participants.
By enabling remote participation, DCTs may enhance convenience for
trial participants, reduce the burden on caregivers, expand access to
more diverse patient populations, improve trial efficiency, and facilitate
research on RDs and diseases affecting populations with limited
mobility” (US Food and Drug Administration, 2023b).

11.3. Limitations for the use of TH in research

Some weaknesses described in the use of TH for research purposes
were technology-related, for example, limitations on battery life for
wearables and devices, or other technical issues such as synchronisation
of the device and app across different mobile platforms (Donald et al.,
2019; Davies et al., 2020). Some studies cited the need to train patients,
caregivers, or less technologically skilled staff to use the technology or
perform remote examinations or interventions (Petracca et al., 2021).
This was noted to be important in reducing bias but could also be costly
and burdensome (Huhn et al., 2022;Walsh andMarkus, 2019; Díez-Juan
et al., 2014). Additionally, adherence to TH methods seemed to decline
over time, particularly when using wearable devices or burdensome
apps or devices (Huhn et al., 2022). Furthermore, some assessments are
not well-suited for virtual visits and some lack validation for remote
applications. Training AI networks on “real cases” may be challenging
and require large datasets, which can often be limited for rare disorders;
this is an issue that could be resolved by the engagement of multiple
stakeholders in developing algorithms for digital healthcare for RDs.

Cybersecurity is a concern that requires constant vigilance by all
stakeholders, although this is not unique to the application of TH to RDs.
This includes concerns on digital data security and the potential threat of
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hacking. There were also concerns about the potential negative mental
and physical health effects of increased screen time for participants,
including exposure to cyberbullying and unregulated online content
(Castro et al., 2019). Caregivers also sometimes found it challenging and
time-consuming to identify and assess accurate and high-quality online
information (Castro et al., 2019; Díez-Juan et al., 2014).

Almost all studies reported RDpatients and their families as being very
receptive to using TH (Wasilewska et al., 2022; Petracca et al., 2021;
Castro et al., 2019; Hobson et al., 2019). However, most of the reported
studies examining the effect of TH for RD care and research were at the
early implementation stage, with only feasibility or acceptability as the
outcome measures (Díez-Juan et al., 2014; Hobson et al., 2019; Cummins
et al., 2021).

11.4. TH for continuing education and peer mentoring of RD HCPs

One of the key limitations for RD diagnosis, care, and research is the
scarcity of a specialized workforce and clinicians with expertise in
complex diseases such as RDs. Various measures have been employed to
address this issue through continued education and peer mentoring.
Several models of TH have been reported to enhance primary care
physicians’ awareness and knowledge of RDs, fostering an inter-
connected RD community. These TH models range from direct one-to-
one education to successful online and interactive communities of
practice, such as Project ECHO® (Extension for Community Healthcare
Outcomes) (Project ECHO). The strategies used for implementing TH
include videoconferencing-based telementoring, case-based learning for
ultra-rare disorders, and other telecommunication means.

In one model, the ERN for Rare Neurological Diseases (ERN-RND)
created a website and used several social media platforms to offer up-to-
date information, including educational webinars for specific RDs. This
serves the purpose of establishing and boosting communication and
enabling the flow of knowledge on rare neurological and movement
disorders to the medical provider community in hospitals treating pa-
tients with these rare and complex conditions (Brunelle Praschberger
et al., 2022).

“Telementoring” programs such as Project ECHO have emerged and
equipped clinicians working in rural areas to care for RD patients by
connecting them with experts from different subspecialties for guidance
and consultation. TeleECHO is a collaborative model of medical edu-
cation and care management that operates on the principle of “moving
knowledge, not people,” and “demonopolizing medical knowledge”
(Arora et al., 2014) while providing patient care. This model leverages
scarce specialty expertise to empower local HCPs, enabling them to
provide better care to a broader patient population than they tradi-
tionally serve, thus effectively multiplying the impact of expert knowl-
edge on patient outcomes. Since its inception in 2003, Project ECHO has
been adopted across different medical specialties throughout the U.S.
and globally, including programs for several RDs (Project ECHO). In
2019, the Ehlers-Danlos Society launched EDS ECHO – the first ECHO
model dedicated to one Rare Disease – the Ehlers-Danlos syndromes
(Schubart et al., 2021).

Focusing on another group of RDs, the Bone Health TeleEcho
program brought together a broad range of rare bone disease specialists,
including geneticists, endocrinologists, and orthopedic surgeons, as well
as their support staff. Through the sharing of case studies and
experiences via telementoring, participants learned to recognize,
diagnose, and care for the more than four hundred currently described
skeletal disorders. This increases the number of experts and resources
available to treat patients with bone health issues, particularly by
providing mentorship to HCPs in rural and underserved communities
(Lewiecki et al., 2017, 2019; Tosi et al., 2020). The experiences of the
Rare Bone Disease ECHO and EDS ECHO provide insights for other RD
groups on how they, too, can extrapolate the ECHO model to meet their
needs. The TeleECHO model has been adopted for other RDs, such as
intestinal failure and Prader Willi syndrome (Winkler et al., 2021;

Schubart et al., 2021), 70. Physicians who participated in the EDS ECHO
program reported increased knowledge and confidence in providing
care for EDS and hypermobility spectrum disorder patients. They indi-
cated feeling less overwhelmed and frustrated in managing these con-
ditions. Importantly, these physicians also reported increased
participation in referral networks (Schubart et al., 2021). In Australia, a
RD Project ECHO has been deployed to address common challenges and
solutions that crosscut all RDs, focusing on the intersection of
primary and specialist care. Initially, the program had a national scope,
but it later expanded to participants from the Asia-Pacific Region
(Rare Disease Project ECHO®).

New digital platforms and tools have also been developed to facili-
tate better HCP-patient relationships and engagement of people living
with RDs and their caregivers. Growth hormone deficiency (GHD) is an
RD that often presents in childhood and requires daily injection of
growth hormone. This regimen poses a myriad of challenges, with
adherence being a major issue. To address this, a digital ecosystem
known as the Easypod™ drug delivery solution has been developed
(Assefi et al., 2021). This digital ecosystem includes a platform and
reporting system that enables data transmission by patients and care-
givers. An accompanying app allows patients and their families to
monitor treatment progress, and its patient support program (PSP) en-
hances their overall experience. The system is also connected with EHR
systems, facilitating data exchange and direct input to HCPs. Addition-
ally, an augmented reality (AR) app has been developed to provide
training and engagement through avatars and games. This approach has
been shown to be effective in engaging and educating patients, partic-
ularly young children, as part of their treatment journey (Baños et al.,
2023). In this regard, digital health solutions can offer more personal-
ized support to patients and may ameliorate the need for regular contact
with HCPs, reducing the need to travel for consultations.

Efforts have also been made to improve digital health literacy of
HCPs managing GHD patients. Massive Open Online Courses (MOOCs),
an online platform offering unlimited participation and open access
courses via the internet, was first introduced in 2008 as part of a distance
learning and education system (Massive Open Online Courses). Using a
multimodal eLearning model, the MOOC entitled “Telemedicine: Tools
to Support Growth Disorders in a Post-COVID Era” was launched in
2021. Learners’ knowledge was assessed using pre- and post-course
surveys. Results showed improved digital capabilities and confidence
of HCPs and users in managing growth disorders. This suggested that
MOOCs such as this for GHD hold potential as a scalable solution for
training health care professionals, especially in resource-limited settings
(Dimitri et al., 2023).

Application of TH should also take local health care system, socio-
economics, culture, and language into consideration. The international
Prader–Willi Syndrome Organization’s ECHO program showed that
different countries and regions are at different stages of development
and had different needs and priorities that were specific to the local
health care system or local culture. This meant that a successful model
used in one country may need to be adapted for another country. This is
especially true when implementing TH models in low- and middle-
income countries, since they are usually developed by more mature
organizations in high-income countries (Rujeedawa et al., 2022).

To help address health inequity and support more culturally safe and
responsive care, “Lyfe Languages” was developed to deliver Indigenous
language translation of medical terms, common words, and common
phrases, which are presented in text, images, and audio. Additionally,
community narratives are used to explain RD concepts using animations
(Lyfe Languages).

TH approaches are believed to hold great promise for RD education
and peer mentoring by effectively increasing access to the available
expertise, which indirectly ensures that RD patients get more accurate
and timely diagnosis and appropriate treatment. TH strategies can serve
as inexpensive and efficient ways to educate HCPs and staff about RDs
that they may encounter infrequently. However, the outcomes and true
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impact of treating RDs by clinicians trained through TH, such as Tele-
ECHO, in comparison to traditional in-person specialist care are yet to be
fully understood.

12. Conclusions and discussion of evidence gaps

Based on evidence from the literature review, TH has been found to
address some of the critical issues facing RD diagnosis, care, research,
and education, but there are also limitations to its use in these settings.
This is summarized by the SWOT analysis (Fig. 2).

Traditionally, one of the most critical barriers for RD care and
research has been the limited numbers and availabilities of specialists
for RD patients, many of whom reside in areas far from expert care for
their specific RD. TH can bridge these gaps by enhancing access to RD
care, breaking down barriers imposed by distance, time, and lack of
expertise. Therefore, the IRDiRC TH Task Force adapted the WHO
definition of TH for RDs, but noted, based on its experience and litera-
ture review, that TH not only overcomes limitations where distance is a
critical factor, but also limitations due to time constraints, and more
importantly, limitations due to scarcity of specialists, particularly for
RDs where access to multidisciplinary specialty care is often required.
While there are common elements related to the use of TH for common
diseases and RDs, the Task Force members recognized the crucial role of
TH in improving access to expert care for RD patients, which is one of the
most acutely felt barriers for RD patients as compared to patients
suffering from more common diseases.

Important advances in TH in the RD context likely will be critical in
improving RD patient management and research in the future. One key
approach relates to remote patient monitoring. This has provided new
mechanisms to help patients stay connected with HCPs to provide real-
world evidence of their condition, and to enable better understanding
and management of RDs. There is also an emerging trend in the devel-
opment of portable, low-cost, and easy-to-use disease diagnostic and

monitoring platforms. These digital health technologies have the po-
tential to improve early diagnosis, facilitate drug treatments, and
enhance personalized medical care. For RD research, the adoption of
decentralized clinical trials incorporating TH methodologies can over-
come several key limitations of the traditional trial design and facilitate
research on RDs. This combination has the potential to expand the ac-
cess to research by an increasingly diverse pool of RD patients who are
geographically dispersed. Digital solutions and wearable devices,
coupled with EHR data, can prove to be immensely helpful in powering
research, especially in light of the limited real-world clinical research
data available for most RDs.

Our review of the literature also identified several evidence and
knowledge gaps as well as areas that need further improvement before
TH can be universally applied for RD care, research and education. Some
of these are not specific to RD or different from the usage of TH for more
common diseases. In fact, RDs can benefit from adopting TH experiences
based on common diseases while adapting to specific RD requirements.
For example, while AI/ML has the potential to transform health research
by analysing, synthesizing, and deriving new and innovative insights
from the vast amount of data generated, it is still in the early stages of
development. To address this, the FDA issued an “Artificial Intelligence/
Machine Learning (AI/ML)-Based Software as a Medical Device (SaMD)
Action Plan” (US Food & Drug Administration, 2021) which applies to
both common and rare diseases. While real-time and continuous data
from wearable technologies may provide real-world evidence and aid in
understanding disease pathology and determining endpoints during in-
terventions, these technology platforms also produce vast amounts of
data. This data deluge can be overwhelming, and it may not be validated
or calibrated. Innovative advanced data management systems are
needed to handle this potential data overload.

The usefulness of TH for initial engagement and enrolment of RD
patients remains to be shown, as the inability to physically examine
patients was identified as a significant limitation for TH. Based on the

Fig. 2. Summary of reported Strengths/benefits (S), Weaknesses (W), Opportunities (O), and Threats (T)/barriers of TH for RDs.

F.H. Chen et al. European Journal of Medical Genetics 72 (2024) 104977 

8 



literature review, there is a general agreement on the value of in-person
visits for building a patient-physician relationship of trust. Therefore,
there seems to be a consensus that TH should be used in conjunction
with in-person visits. However, the aspects of medical care that should
remain in-person, versus those that can be carried out through TH, or
more likely, that comprise the best hybrid model, remain to be deter-
mined and may be different for different RDs. Future TH policies and
studies also should be implemented to prevent disparities and inequities
in access to care and research for RD patients, due to either clinical or
social determinants linked to the specific RD or RD patients, and
including disparities related to lack of access to TH technologies.

Based on our review, we found very few articles that have directly
investigated the quantitative impact of TH on RD clinical outcomes as
compared to in-person visits in rigorously conducted trials. Strong evi-
dence is needed based on innovative trial designs with carefully chosen
outcome measures that can impact clinical practice. For example, while
adapting outcome measures for remote monitoring, it is essential to
validate these results against in-person data, while providing opportu-
nities for future modifications.

In the area of continuing education of the RD workforce and HCPs,
TeleECHO and other educational programs like MOOCs hold great
promise. Some RDs have reported beneficial outcomes with these
models, showing improved knowledge and confidence among HCPs in
treating RD patients. However, this has not been translated to demon-
strate that the quality of care and patient outcomes are better than or
equivalent to outcomes from direct patient care. In fact, it is yet to be
shown that outcomes for RD patients treated by clinicians trained by the
TeleECHO or other TH means are comparable to traditional approaches
of RD treatment by specialists, as has been shown in the case of man-
aging complex diseases like Hepatitis C (HCV) infection by primary care
clinicians at ECHO sites in rural areas (Arora et al., 2011). This remains a
gap where research is needed to demonstrate the ultimate effectiveness
of using TH for clinical education and mentoring for the purpose of
amplifying the expertise needed to treat all the RDs.

Through the course of this literature review, few publications
addressed the policy, regulatory, legal, and/or ethical issues of TH when
applied to RDs, nor the health economics of TH for RD care and research.
Existing knowledge on facilitating factors and barriers for telemedicine
solutions, as published by the WHO for non-RDs (“Telemedicine: op-
portunities and developments in Member States, a report on the second
global survey on eHealth” (World Health Organization, 2010)), may
most likely apply to RDs, although different regions with varying re-
sources and technology platforms may require different approaches for
using TH for RD patients. Issues related to resources for building TH
infrastructure, ensuring access to and familiarity with TH technologies,
and concerns about privacy and data security remain a challenge.
Varying regulations and laws across countries, particularly regarding
insurance coverage and medical licensure requirements for TH, also
limit the use of TH for RD patients.

Despite all the challenges, TH will likely continue to expand in use,
especially for RD patients with limited access to personalized therapies.
The development of the most effective TH model that is “fit for purpose”
and adaptable for different RD patients across various regions and
countries, each with its unique healthcare landscape and policies, rep-
resents a lofty goal that will require a great deal of research before it can
be fully realized.
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