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Abstract

Value-based healthcare (VBHC) intends to achieve better outcomes for

patients, to improve quality of patient care, with reduced costs. Four dimen-

sions define a model of intimately related value-pillars: personal value, alloca-

tive value, technical value, and societal value. VBHC is mostly applied in

common diseases, and there are fundamental challenges in applying VBHC

strategies to low volume, high complex healthcare situations, such as rare dis-

eases, including inherited metabolic disorders. This article summarizes current

practices at various academical domains (i.e., research, healthcare, education,

and training) that (aim to) increase values at various value-pillars for persons

with liver glycogen storage diseases or fatty acid oxidation disorders and their

families. Future perspectives may include facilitating virtual networks to func-

tion as integrated practice units, improving measurement of outcomes, and

creating information technology platforms to overcome the ethical, legal, soci-

etal, and technical challenges of data sharing for healthcare and research

purposes.

KEYWORD S

fatty acid oxidation, glycogen storage disease, inborn errors of metabolism, value-based
healthcare

1 | INTRODUCTION

Many sectors of modern society are under great financial
pressure, and research, healthcare, and education are no
exceptions. By organizing healthcare according to the
needs and preferences of individual patients, value-based
healthcare (VBHC) intends to achieve better outcomes

Take home message: Practices for persons with liver glycogen storage
disease and fatty acid oxidation disorders demonstrate, that value can
be generated at multiple levels, not only in healthcare, but also in
research and education and training.
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for patients and hence, improving quality of patient care
at reduced costs.1 Traditionally, the four principles of
VBHC include (a) patient view, (b) medical view, (c) cost
view, and (d) organization view. More recently this tradi-
tional definition of VBHC has been modulated by the
Expert Panel on effective ways of investing in healthcare,
by envisioning a more comprehensive concept of VBHC
built on four value-pillars: appropriate care to achieve
patients' personal goals (personal value), achievement of
best possible outcomes with available resources (techni-
cal value), equitable resource distribution across all
patient groups (allocative value), and contribution of
healthcare to social participation and connectedness
(societal value).2

VBHC is mostly applied to high volume, low com-
plexity health conditions, such as primary care or diabe-
tes mellitus. To the best of our knowledge, there is no
medical-scientific literature on the VBHC approach in
rare inherited metabolic disorders (IMDs), but healthcare
models have been described for rare disorders (RDs). In
accordance with the VBHC principles, Augustine et al.
stated that traditional healthcare that involves local deliv-
ery of care, does not easily meet the needs of families
confronted with RDs.3 RDs often require multidisciplin-
ary expert care, and individually affect small numbers of
patients all over the world. These authors propose a new
healthcare model for patients with RDs, focusing on tele-
medicine, integrating care and research, and improving
collaborations between patients, clinicians, and
researchers. Integrating care and research, monitoring
from home and standard outcome measures are impor-
tant to manage RDs. Fantini and Vaccaro performed a lit-
erature review on VBHC related to RDs and stated that
health should not only be considered the absence of ill-
ness, but a search for well-being in the diverse conditions
of life and according to various individual constitutions.4

This is also applicable to IMDs, in which the disorder is
always present, not meaning that the individual's goals in
life cannot be accomplished. IMDs severely affect not
only the lives of the patient, but also their families and
carers and have a substantial impact at various domains,
such as political, economic, socio-cultural, technological,
legal, and ethical.5 Therefore, the traditional application
of VBHC principles to IMDs seems limited if it is based
on a costs/benefits ratio only. Table 1 presents difficulties
in applying VBHC strategies to IMDs, in addition to the
difficulties as mentioned by Fantini and Vaccaro.

Given the need to adhere to medically prescribed,
strict diets, the high level of self-management, and the
use of medical devices at home for self-monitoring, both
liver glycogen storage diseases (GSDs) and fatty acid oxi-
dation disorders (FAODs) can serve as exemplary IMDs
to adapt, adopt, and improve VBHC elements. GSDs are

characterized by an abnormal synthesis or degradation of
glycogen, because of a defective enzyme or transporter.
Liver GSD is a collective name for GSD subtypes 0, Ia, Ib,

TABLE 1 Difficulties in applying VBHC strategies to IMDs

Difficulties for VBHC in rare diseases

1 The scope and capacity of most registries and databases
are limited to the pure medical and clinical discourses.a

2 The knowledge of most RDs is insufficient (“orphan
diseases”).a

3 The longitudinal data collections are scarce.a

4 The outcomes of treatment and care are diverse and
difficult to quantify.a

5 The diagnosis is difficult and often delayed.a

6 The development of therapeutics and treatments is often
fragmented and slow.a

7 The specialized and coordinated medical care is scarse
and expensive, because of its complexity and
multidimensionality.a

8 The standards of care for treatment and rehabilitation are
not evidence based because health research is
necessarily done at small scale.a

9 Healthcare for RD patients is traditionally organized in
university hospitals, accommodating fundamental and
clinical research, expert healthcare services, education
and teaching, and valorization. The RD patients usually
do not live close to expert HCPs, but are scattered
across populations and consequently most patients are
confronted with HCPs who lack expertise on their
disease.

10 There is large heterogeneity in clinical, dietary and
biomedical features among RD patients with identical
subtypes and sometimes even genotypes.

11 Traditional biomedical outcome parameters need to be
carefully balanced against psychosocial well-being and
quality of life, and hence patient reported outcome
measures (PROMs) and patient reported experience
measures (PREMs).

12 Monitoring and management guidelines and care
pathways differ in different countries and sometimes
even within the same country, causing unwanted
variations in diagnosis, treatment, and outcomes.

13 Few registered treatments or orphan drugs are available.

14 There is inadequate exchange of clinical and scientific
expertise. Currently, knowledge exchange between
HCPs often takes place on a single patient basis, rather
than being structural and amplifying.

15 There are no standard operating procedures in place for
expert second opinions, to transfer RD expertise to
affected families and local HCPs.

Abbreviations: IMDs, inherited metabolic disorders; RDs, rare diseases;

VBHC, value-based healthcare.
aAs mentioned in Fantini and Vaccaro.
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III, IV, VI, IX, and XI.6 The FAODs form another group
of IMDs of energy metabolism, causing a variety of symp-
toms and signs in organs that depend on energy produc-
tion by the carnitine shuttle and subsequent
mitochondrial fatty acid oxidation, such as the heart,
skeletal muscle, liver, and brain.7

In this review, we first showcase some recent prac-
tices for persons with GSD or FAOD that have aimed to
increase value at one or more value-pillars. These prac-
tices have taken place at different academic domains
(i.e., research, healthcare, education, and training).
Table 2 presents the practices mentioned in this article
and which of the value-pillars are most directly impacted.
The open cells automatically indicate which value(s)
have potential to increase, and which elements of Porter's
strategic VBHC agenda may/should be applied.1

2 | VALUE-BASED RESEARCH
PRACTICES

Medical research should help healthcare providers
(HCPs) and families make important decisions in the
doctor's office. However, most medical research appears
to be unsuitable for this, as concluded by the authors of a
series of articles in The Lancet entitled “Increasing value,
reducing waste.”8 In current biomedical research, there is
waste and inefficiency in the way research is chosen,
designed, performed, analyzed, regulated, managed,
reported, and disseminated. Interestingly, in this series of
articles the role of patients and families is hardly dis-
cussed. Adopting VBHC practices in biomedical research,
may improve research in all the above-mentioned phases

of the process (Figure 1). This is illustrated by the follow-
ing examples.

The International liver GSD Priority Setting Partner-
ship (IGSDPSP) involved patient representatives world-
wide in 2016–2019 to prioritize research questions for
liver GSD patients that can be translated to healthcare.9

The IGSDPSP aimed to identify the top 10 research prior-
ities of patients with liver GSD, their families and health-
care professionals. To reach this goal, the four-step
process from The James Lind Alliance was followed10:
(1) gathering uncertainties, (2) formulating summary
questions, (3) interim priority setting, and (4) final prior-
ity setting. This priority setting partnership involved
patients, carers, and healthcare professionals from
58 countries. Out of a total of 1388 original questions
from 763 responders, patients, carers, and healthcare pro-
fessionals jointly agreed on a top 11 research priorities of
which at least nine and five would be generalizable (after
slight modifications) to the entire group of IMDs and
RDs, respectively (Table 3). During the final priority set-
ting, participants who initiated research, and thus already
had the possibility to influence the research agenda, were
excluded from participation. The priorities did not match
those deemed by the professionals alone. Patients and
carers emphasized the importance of natural progression
of disease and complications. Likely, many of the original
questions may have value to improve future RD research
and healthcare organization.

GSD type Ia (GSDIa; OMIM #232200) is an IMD of
carbohydrate metabolism causing severe fasting intoler-
ance.11 The IGSDPS emphasized the importance of
improving minimally and non-invasive monitoring
modalities of metabolic control.9 Besides, the idea behind

TABLE 2 Current practices for persons with liver GSD and FAODs and their (potential) impact at the four value-pillars

Practice

Values

Personal Technical Allocative Societal

IGSDPSP +

ENGLUPRO GSDIa study (NCT04311307) +

FiTtINg MCADD study (NCT03761693) + +

GSD communication platform + +

Continuous glucose monitoring + +

www.emergencyprotocol.nl + +

Project ECHO + + + +

UMCG bachelor's medicine curriculum +

Note: The table indicates per practice (+) which values have been impacted most directly. The open cells indicate which value may be increased by
interventions based on the six elements of the strategic VBHC agenda: (1) organize into integrated practice units (IPUs); (2) measure outcomes for every
patient, to improve personal value; (3) move to bundle payments for care cycles; (4) integrate care delivery across separate facilities; (5) expand excellent

services across geography, and (6) build an enabling information technology platform.
Abbreviations: FAODs, fatty acid oxidation disorders; GSD, glycogen storage disease; IGSDPSP, International liver GSD Priority Setting Partnership; MCADD,
medium-chain acyl-CoA dehydrogenase deficiency.
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the ENdogenous GLUcose PROduction in patients with
GSDIa (ENGLUPRO GSDIa) study (NCT04311307) grew
while necessitating longitudinal and minimally invasive
monitoring of outcomes,12 especially given the recent
experimental, novel therapies. The objective of the ENG-
LUPRO GSDIa study is to test the feasibility of endoge-
nous glucose production quantification in adult GSDIa
subjects by stable isotopes after a single oral [6,6-2H2]glu-
cose dose. Patients provided feedback both to early drafts
of the study protocol and the patient information leaflets
before submission to the Institutional Review Board.
Financial support for this study was in part granted by
Associazione Italiana Glicogenosi, the Italian GSD
patient organization.

Medium-chain acyl-CoA dehydrogenase deficiency
(MCADD; #OMIM 201450) is the most common FAOD.

The safe and unsafe duration of fasting in children
MCADD has been retrospectively studied13 before the
disorder has been implemented in the Dutch population
newborn bloodspot screening program since 2007.14 In
the following years, we have experienced that the recom-
mendations for safe fasting and the subsequent night
feedings and late evening feedings have important impact
for the affected families. The recommendations were
questioned by a subset of the parents, who sometimes
accidentally found that their child could fast longer than
recommended under normal circumstances. In the subse-
quent years, the idea behind the Fasting Tolerance in
MCADD-infants (FiTtINg MCADD) study
(NCT03761693) came to attention at the doctor's office.
In brief, in this investigator-initiated pilot study with
parental commitment, 2 and 6 months old MCADD

FIGURE 1 Patient involvement in all stages of research

4 VENEMA ET AL.
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infants undergo a supervised controlled clinical fasting
challenge to determine their fasting tolerance. Parent's
opinions have been taken into account at various develop-
mental stages of this research project. To establish rele-
vance of this research topic and parental role, the idea has
been discussed at the Dutch patient information meeting
on MCADD, hosted by the Dutch Patient Association for
Inherited Metabolic Diseases (VKS). Patients' parents were
included in the development of the study protocol design
from the start. Before drafting the research protocol, the
investigators attended a mirror meeting from a focus
group, organized by the patient association. In this mirror
meeting, patients' parents have discussed aspects they
deemed relevant for the proposed study. This input was

used in the design of the study and the researchers shared
the draft study protocols and patient information forms for
feedback. During study visits of this currently ongoing
study, efforts are made to actively involve parents of
patients in clinical decision making. Financial support for
this study was in part granted by Stichting Stofwisselk-
racht, a fundraising organization founded by IMD parents
and run entirely by volunteers.

3 | VBHC PRACTICES

Since the 1990s, representatives of different national GSD
support groups have asked expert HCPs for common sets

TABLE 3 Research priorities for

liver glycogen storage disease (GSD)

patients, and the potential

generalizability to other inborn

metabolic diseases (IMDs) and rare

diseases (RDs)

IGSDPSP priorities IMDs RDs

1. What are the best options (e.g., gene therapy or
enzyme replacement therapy) for achieving
sufficient amount of working enzyme in
patients with liver GSD?

✓ ✓

2. Can consensus guidelines (for management) be
achieved for patients with liver GSD?

✓ ✓

3. How should optimal metabolic control both
clinically and biochemically (like lactate,
ketones, and/or lipids) be achieved in liver
GSD?

✓

4. How should sickness and emergency situations be
managed for patients with liver GSD?

✓ ✓

5. What is the best way to start dietary treatment,
finding the optimal doses, and to administer the
diet for patients with liver GSD?

✓

6. How can existing cornstarch preparations be
modified or alternative treatments be
implemented that are easier to administer
and/or keep blood sugar levels more stable for
patients with liver GSD?

✓

7. What is the role for new methods for monitoring
metabolic control (like noninvasive continuous
glucose and lactate measurements, new
biomarkers) for patients with liver GSD?

✓ ✓

8. How to manage diet regimen in relation to
“before, during and after” physical exercise
(sport, playing) for patients with liver GSD?

✓ ✓

9. What are the long-term complications (liver,
renal, gut) of a diet rich in uncooked cornstarch
and/or high protein and should the diet be
adjusted to prevent complications in liver GSD?

✓

10. What are the risks and benefits of different
options for overnight treatment for patients
with liver GSD and how can we maximize
safety?

11. How to prevent and/or treat muscle problems in
patients with liver GSD?

✓

VENEMA ET AL. 5
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of treatment and follow-up procedures.15 Guidelines have
subsequently been published: the European guidelines
for GSDs Ia16 and GSD Ib17 in 2002, and the American
College of Medical Genetics and Genomics guidelines for
GSD III18 in 2010, GSD I19 in 2014, and GSD VI and IX20

in 2019, respectively. The latter guidelines were produced
with research funds awarded by the American GSD
patient organization (Association for GSDs). To date GSD
patients themselves have not been involved in the devel-
opmental and implementation stages of these guidelines.
The biomedical outcomes and thresholds that are
described in these guidelines are defined by HCPs and
include clinical parameters (e.g., symptoms and signs,
weight, height, and liver size) and circulating biomarkers
in blood, such as glucose, ketones, lactate, triglycerides,
total cholesterol, and uric acid. These traditional out-
comes only capture a snapshot of the patients' metabolic
status when visiting the HCP but may differ from what
could be observed at home.

With input from GSD patients, the GSD communica-
tion platform has been developed for individual liver
GSD patients to support home monitoring.21 This tele-
medicine platform integrates biochemical, physiological,
and dietary parameters and can provide patient with
more detailed information on their disease, resulting in
better insights and more autonomy. The platform also
included continuous glucose monitoring (CGM) data.
The CGM technology allows real-time assessment of glu-
cose management in GSD patients at home. Previous
studies on the application of CGM in GSD patients have
shown that CGM can help in individual patients' glucose
management.22 Kaiser and co-workers found that the
quality of glycemic control assessed by CGM correlated
with long-term complications such as hepatocellular ade-
noma formation and development of microalbumi-
nuria.23 The study by Peeks and co-workers proposed
more in depth CGM data analysis, and summarized
recommended indications for CGM monitoring and pro-
posed CGM outcome parameters for assessment of glu-
cose management in persons with GSD.24 Subsequently,
we prospectively studied CGM outcomes in adults with
GSDIa, which may be useful for the definition of glyce-
mic targets both in healthcare and clinical trials.25

Besides CGM, the topics of psychosocial problems and
eating disorders in GSD patients26 and the impact of
GSDI on daily, adult life27 have increasingly gained
attention.

A common feature of GSD and FAOD is fasting intol-
erance. If this is not sufficiently treated or prevented, it
can lead to acute life-threatening complications, as hypo-
glycemia, convulsions, coma, or death. Emergency letters
have been of great importance, to ensure patients' safety,
and to facilitate knowledge dissemination. Rossi and co-

workers retrospectively investigated the use of emergency
letters based on a generic emergency protocol in patients
with liver GSD and FAOD.28 The website www.
emergencyprotocol.net was generated in the context of
the CONNECT MetabERN eHealth project involving
54 participants (HCPs and patients' representatives from
15 countries). Emergency letter availability led to appro-
priate initial treatment in any hospital without delay,
after which metabolic expertise is sought. In addition,
patients and parents can generate the emergency letters
themselves therefore constituting a mean to promote
patients' empowerment. As of July 29, 2022, 1912 emer-
gency letters have been generated online in 11 languages
(Dutch, n = 561; English, n = 507; French, n = 84;
German, n = 181; Greek, n = 5; Italian, n = 133; Polish,
n = 26; Portuguese, n = 195; Spanish, n = 159; Turkish,
n = 57).

4 | VALUE-BASED EDUCATION
AND TRAINING PRACTICES

In RDs access to highly specialized expertise can be
difficult, thus leading to healthcare discrepancies and
poor health outcomes. Project ECHO (https://hsc.unm.
edu/echo/) is a movement whose mission is to democra-
tize medical knowledge and amplify the capacity to pro-
vide best practice for underserved people all over the
world. The ECHO model is based on four principles:
(a) amplification, to use technology to leverage scarce
resources; (b) best practices, to reduce disparity; (c) case-
based learning, to master complexity, and (d) data, to
monitor outcomes with a web-based database. The
ECHO model provides and increases specialized medical
knowledge for clinicians in primary care centers.
Thereby, project ECHO acts as a forum for specialists to
mentor colleagues, extend professional networks, and
implement best practices and holistic care, ultimately
improving patient and healthcare outcome.

A large minority of the ECHO Programs and ECHO
Hubs are active in the EU. Interestingly, none of these
European ECHO hubs/programs is regarding RDs. Impor-
tant lessons can be learnt from ECHO programs in the RD
domain, such as the electronic Genetic Nutrition Academy
(since 2017),29 the Learn Intestinal Failure Tele-ECHO
(since 2019),30 and the TeleECHO program on rare bone
diseases (since 2019).31 With the appropriate funding in
place, TeleECHO programs might help to improve future
healthcare for RD patients and their HCPs.

In the bachelor's curriculum in medicine at the
University of Groningen, education on IMDs has incor-
porated storytelling in collaboration with patients. This
patient-centered approach allows students from the start

6 VENEMA ET AL.
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of their education to experience the authentic story of the
patient and his family. In addition to patient lectures, a
digital platform is created with four patient-centered
e-learning cases. The Journal of Inherited Metabolic
Diseases “View from Inside” articles are provided as addi-
tional study materials.32,33 In this way, student-patient
interaction is encouraged.

5 | SUMMARY AND FUTURE
PERSPECTIVES

VBHC is challenging to apply to low volume, high com-
plex healthcare situations. The current practices for per-
sons with GSD or FAOD exemplify how value can been
increased at multiple academic domains: science, expert
healthcare, and education and training. How can we
move forward to a high-value healthcare delivery system
for persons with IMDs?

Porter and Lee identified six elements of the strategic
VBHC agenda, that are interdependent and mutually
reinforcing1:

1. organize into integrated practice units (IPUs);
2. measure outcomes for every patient, to improve per-

sonal value;
3. move to bundle payments for care cycles;

4. integrate care delivery across separate facilities;
5. expand excellent services across geography, and
6. build an enabling information technology platform.

Progress will be easiest and fastest if these elements
are advanced together, improving individuals' healthcare
in a health request driven manner, aiming to deliver the
right care, at the right time, for the right person
(Figure 2).

The IGSDPSP has mostly generated “societal value,”
as the partnership reached out to the international com-
munity to prioritize research topics for the field of liver
GSD. Thereby, the IGSDPSP has provided guidance for
those influencing the research agenda and future deci-
sions about resource allocation. At the first place in the
top 11 priorities for research, the IGSDPSP identified the
question “What are the best options (e.g., gene therapy or
enzyme replacement therapy) for achieving sufficient
amount of working enzyme in patients with liver GSD?”.
Interestingly, this seems very similar to the top one prior-
ity in the recent priority setting partnership for people
with mitochondrial diseases (e.g., “Could an understand-
ing of the cellular and molecular processes in mitochon-
drial disease lead to new therapies?”).34 Therapy
development seems to be a common priority for IMDs,
perhaps even for RDs in general. The challenge is how to
involve all stakeholders (including consumers) to feel

FIGURE 2 Health request driven and person-centered organizational care support pathway. Data from the electronic health records

(in orange, including the prescribed diet), should ideally be fully interoperable with home measurements (in green, including laboratory

values, continuous glucose monitoring, and food diaries, i.e., the actual diet). Based on these incoming data, it can be discussed in a

multidisciplinary setting (in blue), whether the medical expertise can be transferred by telemedicine, or if hospital visit is required

(in purple).
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responsible for the stewardship of resources to optimize
“technical value” and “allocative value.”

At the second place in the top 11 priorities for
research in liver GSD, the IGSDPSP prioritized the ques-
tion “Can consensus guidelines (for management) be
achieved for patients with liver GSD?” Previous GSD
guidelines and care pathway publications have been
largely based on expert opinions. These guidelines and
care pathways do not systematically cover CGM parame-
ters, patient-reported outcome measures (PROMs) and
patient-reported experience measures (PREMs), and have
lacked participation by families and patients. Measure-
ment of outcomes for individual patient directly improves
“personal value” and requires to define and measure
standardized and person-centered outcomes, including
PROMs/PREMs, in order to improve the care for individ-
ual patients and to enable patients to report directly on
their disease.

Patients and families collaborated in the telehealth
practices (GSD communication platform, CGM, www.
emergencyprotocol.net), which most directly generated
“personal value” given the level of self-management and
self-monitoring of persons with GSD and FAOD. The
open character of www.emergencyprotocol.net adds
“technical value” and “allocative value.” These telehealth
practices' abilities to increase “societal value” has been
challenged by technical, societal, medical, and legal
developments, as discussed previously.21 Important les-
sons can be learnt from diabetes mellitus, the most preva-
lent disorder in which glucose homeostasis is perturbed.
Recent experiences with healthcare organization for peo-
ple with diabetes mellitus exemplify, how telehealth may
expand excellent services across geography.35 Building an
enabling information technology platform and bundle
payments for care cycles have been fundamental in the
case of the Dutch treatment center Diabeter.36 In addi-
tion, recently, Nano and co-workers reported on a stan-
dard set of outcome measures for diabetes mellitus that
included PROMs and PREMs, in collaboration with the
International Consortium for Health Outcomes Measure-
ment.37 Some elements of this standard set of outcomes
can be applied to persons with GSD and FAOD, such as
the number of acute hospital admissions or hypoglyce-
mias, or the CGM parameters. Standard sets of person-
centered outcome parameters are driven by medical needs
and should include (disease specific) PROMs and PREMs.
Currently, standard sets are in preparation for few IMDs,
such as mucopolysaccharidoses,38 phenylketonuria and
MCADD.39 International consensus on outcomes is a pre-
requisite for (a) evaluation of individual healthcare in
PDCA (Plan-Do-Check-Act) cycles, (b) international data
collection, (c) sustainable rare disease registries, and
(d) innovative orphan drug development. Since 2011, the

COMET (Core Outcome Measures in Effectiveness Trials)
initiative (www.comet-initiative.org) has evolved to pro-
mote the performance of literature reviews and multi-
stakeholder consensus approaches (including patient
involvement) in the selection of outcomes for clinical tri-
als.40 Unfortunately, only a handful of IMDs is currently
registered in the COMET database and the use of PROMs
as endpoints in clinical trials for RDs is severely lacking.41

In the VBHC approach, healthcare delivery is orga-
nized in so-called IPU, that are defined as “a unit orga-
nized around the patient that provides the full cycle of
care for a medical condition, including patient education,
engagement, and follow-up. It also encompasses inpa-
tient, outpatient and rehabilitative care as well as sup-
porting services.” At a state or national level, multiple
HCPs, institutions, and geographic areas can be involved
in the full cycle of care of an individual patient. The
healthcare institutions are typically paid per activity
rather than being rewarded “for doing nothing,” cost sav-
ings or healthcare innovations. Reimbursements are not
yet in place for innovative healthcare services that are
important for families with RDs and IMDs, such as vir-
tual counseling, providing structured expert HCP opin-
ions or panel discussions, or innovative drug
repurposing. In many areas, expert HCPs depend on
institutional investments for their practices, grants, con-
tracts with private parties, or philanthropy. Since 2017,
European Reference Networks have been established for
RDs, among which the European Reference Network for
Hereditary Metabolic Disorders (MetabERN). A recent
survey by the MetabERN revealed a widespread lack of
social, psychological, and economic support for IMD
patients in Europe.42 In theory, digitalization may allow
expanding healthcare expertise in a cross-border manner
and European Reference Networks, to function as so-
called network IPUs. It is yet a question whether these
European Reference Networks may, can and will act as
sustainable, virtual IPUs, paving the way toward bundle
payments for expert care cycles. Within any virtual IPU,
project ECHO has the potential to increase value at all
value-pillars, including “personal value” to both patients
and HCPs, by propagating case-based learning.

Data repurposing is warranted for RDs, which is also
demonstrated for electronic health record data for the
diagnosis of RDs.43 Ideally, real-world data and routinely
collected healthcare data should be processed according
to the FAIR guiding Principles (Findability, Accessibility,
Interoperability, and Reusability), as exemplified by the
Swiss approach.44 Governance on individuals' big health
data and their interoperability should become top priori-
ties. Sustainable coalitions are necessary between all rele-
vant stakeholders, such as HCPs, institutions, payers,
industrial parties, insurance companies, healthcare

8 VENEMA ET AL.
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planning and health policy, and governments, putting
patients and their families at the center.

Important developments have occurred in the field of
IMD medicine in the last decades. There have been profound
technological advancements in diagnosis and treatment.
Thanks to the expansion of the population newborn screen-
ing programs and the introduction of next generation
sequencing techniques, the diagnostic odyssey for many fam-
ilies with IMDs (and other RDs) has been importantly
reduced. The increased connectivity via social media has pos-
itive effects on disease awareness and the spread of knowl-
edge, leading to a change in the relationships between HCPs
and patients, and hence, increasing patients' and family's
empowerment and engagement. Emerging innovative treat-
ment strategies are becoming available for an increasing
number of RDs, including organ transplantations and genetic
therapies.45 These developments emphasize both the need
and the potential to apply VBHC principles to IMDs.

To conclude, for low volume, high complex health-
care situations there are specific difficulties that can be
overcome by adopting VBHC principles. The current
practices for people with GSD and FAOD have taken
place in all academical domains (research, healthcare,
education, and training). VBHC principles and strategic
agenda points can support the organization of personal-
ized medicine (personal value) and subsequently gener-
ate value at four value-pillars.
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