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Abstract

Background: Inherited metabolic diseases (IMD) are a large group of rare single-gene disorders that are typically
diagnosed early in life. There are important evidence gaps related to the comparative effectiveness of therapies for
IMD, which are in part due to challenges in conducting randomized controlled trials (RCTs) for rare diseases. Registry-
based RCTs present a unique opportunity to address these challenges provided the registries implement standardized
collection of outcomes that are important to patients and their caregivers and to clinical providers and healthcare
systems. Currently there is no core outcome set (COS) for studies evaluating interventions for paediatric IMD. This
protocol outlines a study that will establish COS for each of two relatively common IMD in children, phenylketonuria
(PKU) and medium-chain acyl-CoA dehydrogenase (MCAD) deficiency.

Methods: This two-part study is registered with the Core Outcome Measures in Effectiveness Trials (COMET) initiative.
Part 1 includes a rapid review and development of an evidence map to identify a comprehensive listing of outcomes
reported in past studies of PKU and MCAD deficiency. The review follows established methods for knowledge
synthesis, including a comprehensive search strategy, two stages of screening citations against inclusion/
exclusion criteria by two reviewers working independently, and extraction of important data elements from
eligible studies, including details of the outcomes collected and outcome measurement instruments. The
review findings will inform part 2 of our study, a set of Delphi surveys to establish consensus on the highest
priority outcomes for each condition. Healthcare providers, families of children with PKU or MCAD deficiency,
and health system decision-makers will be invited to participate in two to three rounds of Delphi surveys.
The design of the surveys will involve parents of children with IMD who are part of a family advisory forum.
(Continued on next page)
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Discussion: This protocol is a crucial step in developing the capacity to launch RCTs with meaningful outcomes that
address comparative effectiveness questions in the field of paediatric IMD. Such trials will contribute high-quality evidence
to inform decision-making by patients and their family members, clinicians, and policy-makers.

Keywords: Inherited metabolic diseases, Core outcome set, Registry-based randomized trials, PKU, MCAD deficiency,
Delphi

Background
Introduction
Inherited metabolic diseases (IMD) are a large group of
single-gene diseases, most often diagnosed early in life,
that are individually rare but collectively have an esti-
mated birth prevalence of at least 1 in 2500 [1, 2]. These
conditions exemplify the challenges of delivering high-
quality care for children with rare chronic diseases [3].
Healthcare needs are disproportionately high and often
complex [4, 5], caregiver burden is known to be substan-
tial [6], and evidence on the effectiveness of care is
sparse and challenging to generate [7, 8]. With promis-
ing new interventions for IMD (including drug, dietary,
stem cell, and surgical therapies) rapidly emerging [9], it
is vital that their efficacy be evaluated in explanatory
studies within controlled settings and that their effect-
iveness comparative to current standard treatment be
assessed in pragmatic studies within real-world settings
[8, 10, 11]. Such evaluations should be based upon out-
comes of greatest clinical importance and of importance
to patients and their family members and should capture
measures of cost and health system impact [11, 12]. The
careful consideration of these different perspectives is
particularly critical when studying treatments for rare
diseases, including IMD, since the relative benefits and
harms of alternative therapies may differ depending on
which outcomes are studied from across Berwick and
colleagues’ ‘triple aim’ (i.e., medically-defined outcomes,
patient experiences and quality of life, and health system
impacts) [12].
While randomized controlled trials (RCTs) represent

the evaluative study design with the greatest ability to
minimize sources of bias and maximize internal validity,
several challenges have been documented previously
with the implementation of this design when assessing
interventions for rare conditions. These include poor
feasibility to attain adequate sample size to achieve
planned statistical power [13–15], reliance on surrogate
endpoints of limited importance to patients and their
caregivers [14, 16, 17], and, associated with inadequate
sample size, the challenge of sufficiently evaluating het-
erogeneity of benefits across relevant subgroups of
patients [11, 13, 18]. To address these challenges, experi-
mental and analytic methods tailored to rare disease

settings have been developed [19–22]. One such method
that has been described as an important innovation is
the registry-based randomized trial [23]. This approach
involves the embedding of intervention trials within ob-
servational cohort studies or patient registries and
adopting a pragmatic rather than explanatory focus to
support real-world decision-making [23–29]. In the con-
text of evaluating interventions for rare paediatric condi-
tions, registry-based trials may offer numerous
advantages including efficiencies in patient recruitment
and data collection (given reliance on existing cohorts
and routinely collected data), better access to follow-up
data to understand long-term outcomes, suitability for
addressing comparative effectiveness questions (given
that registries recruit patients from routine clinical set-
tings), and a high degree of external validity (given that
registries are frequently population-based).
An important design element in the development of

registry-based RCTs and other robust evaluative studies
is the high-quality standardized collection of data on im-
portant outcomes, i.e., a core outcome set (COS) [28].
The Core Outcome Measures in Effectiveness Trials
(COMET) initiative (www.comet-initiative.org) promotes
the performance of literature reviews and multi-
stakeholder consensus approaches for the establishment
of standardized COS to be used in subsequent evaluative
studies [30–33]. These and similar methods have been
used to develop outcome sets for paediatric conditions
(e.g., traumatic brain injury, acute and chronic pain,
fever and neutropenia in cancer, otitis media,
inflammatory bowel disease) [34–40] and rare conditions
[41–43]. Currently, there is no standardized COS for
studies evaluating interventions for paediatric IMD. The
Canadian Inherited Metabolic Diseases Research Net-
work (CIMDRN) is ideally suited to address this
research gap. CIMDRN is a pan-Canadian multidiscip-
linary network of investigators funded by the Canadian
Institutes of Health Research, with an established cohort
of children born during the years 2006–2015, diagnosed
with one of 31 targeted IMD, and treated at one of 13
participating Canadian centres [8]. CIMDRN collects ob-
servational data for participating children from a range
of sources, including retrospective review of patient
chart data. Developing and implementing standardized
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COS and data collection tools will enable the transition
of the CIMDRN data platform to a registry format that
can support registry-based randomized comparative ef-
fectiveness trials.
This protocol outlines a two-part study that will estab-

lish a COS for each of two of the most common IMD in
children, phenylketonuria (PKU) and medium-chain
acyl-CoA dehydrogenase (MCAD) deficiency (our study
is registered in the COMET database, http://comet-initi-
ative.org/studies/details/995). The first part of the study
is a knowledge synthesis project that includes a rapid re-
view and development of an evidence map to identify a
comprehensive listing of outcomes reported or suggested
in past studies of PKU and MCAD deficiency. The re-
view findings will be used to inform the second part of
the study, a Delphi consensus process involving patients
or their family members, healthcare providers, and
health system decision-makers, to establish priority out-
comes. The final COS will be used in future studies to
evaluate therapies for children diagnosed with PKU or
MCAD deficiency.

Rationale for target conditions of interest
PKU is an inborn error of the phenylalanine hydroxylase
enzyme resulting in elevated phenylalanine (phe) and re-
duced tyrosine concentrations in the blood and tissues,
which if untreated is associated with both behavioural
and intellectual disabilities. Current treatment involves
dietary restriction of phe beginning in the newborn
period [44]. While this strategy is largely successful in
preventing the most negative outcomes, its implementa-
tion is challenging. Currently available phe-restricted
formulae and foods are unpleasant with regard to taste
and require daily calculation and meal planning of phe/
protein intake, resulting in challenges to diet adherence
for patients and their caregivers [45, 46]. There remains
a relatively high prevalence of neuropsychiatric (features
of attention deficit hyperactivity disorder (ADHD), anx-
iety, depression) and executive functioning problems in
this population [47, 48]. Recent therapeutic develop-
ments include pharmacological treatments such as
sapropterin dihydrochloride, and supplements such as
large neutral amino acids; both are add-ons to standard
diet therapy and have the potential to further reduce
blood phe levels. Sapropterin dihydrochloride therapy
has been found to improve blood phe levels, dietary phe
tolerance, ADHD symptoms and executive function [49,
50] in a subset of patients who respond to this therapy,
but has not been evaluated with respect to other key
patient-oriented outcomes. Sapropterin has a high an-
nual cost (range C$12 K to C$170 K in Canada from in-
fancy to adulthood and dependent on body weight [51])
with variable reimbursement coverage within Canada
and internationally. Large neutral amino acids have not

to date been evaluated using robust trial methodology
with patient-oriented outcomes [52–54].
MCAD deficiency is an inborn error of the MCAD en-

zyme leading to impaired oxidation of medium-chain
fatty acids. Affected patients are at risk of metabolic de-
compensation precipitated by catabolic stress during pe-
riods of prolonged fasting and fever. Clinical
manifestations include hypoglycaemia, encephalopathy,
cardiomyopathy, and cardiac arrest. Potentially lethal de-
compensation can be avoided by providing sufficient
rapidly accessible caloric intake (e.g., carbohydrates) in
at-risk situations. However, in addition to avoidance of
prolonged fasting, it is unclear which, if any, interven-
tions (e.g., routine dietary fat restriction, preventive use
of cornstarch) have true preventive effectiveness. While
daily oral L-carnitine supplementation is used for pre-
ventive management in some patients with MCAD defi-
ciency, there is considerable practice variation [55] and
concerns about potential adverse effects [56, 57]. To our
knowledge there are no prospective trials (or other ro-
bust sources of evidence) on the use of L-carnitine for
MCAD deficiency, nor studies that have focused on
meaningful patient-oriented outcomes [58–65].
PKU and MCAD deficiency represent two of the most

common IMD and are associated with important health
effects for both children and caregivers. There are siz-
able gaps in the knowledge related to the evaluation of
new and existing therapies for both diseases. Given these
important limitations, further research into both condi-
tions is of great importance. Thus, we have prioritized
these two IMD for the initial establishment of COS for
implementation in future registry-based trials.

Methods
Rapid review and evidence map
The rapid review and evidence map will address the fol-
lowing primary research question: “What outcomes are
reported in key publications related to children diag-
nosed with phenylketonuria and medium-chain acyl-
CoA dehydrogenase deficiency?” A secondary research
question is “Among key publications as described above,
what outcome measurement instruments are described
or used to collect data for these outcomes?” The review
will build on CIMDRN’s previous work, including a
scoping review of patient/parent-reported outcomes in
chronic paediatric illness [66] and qualitative studies of
patient/family priorities [6, 66].
The rapid review protocol was prepared in

consultation with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)-P check-
list (Additional file 1.1) [67] and registered with
PROSPERO (CRD42017073524). The review will be per-
formed according to the methods outlined below, and
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any post-hoc protocol modifications will be described in
the final report.

Literature search to identify relevant studies

PKU and MCAD deficiency To capture key publica-
tions specifically related to PKU and MCAD deficiency,
we have developed separate search strategies for each of
the two conditions. These will be implemented by a
trained information specialist with extensive experience
in systematic reviews (B Skidmore). Using a combination
of controlled vocabulary (e.g., “Phenylketonurias”, “Acyl-
CoA Dehydrogenase/df [Deficiency]”) and keywords
(e.g., (“phenylketonuria”, “PKU”, “MCAD”), we will
search MEDLINE, Embase, and the Cochrane Library.
Study design filters will be applied to the PKU search
(see inclusion criteria below), while no filters will be ap-
plied to the MCAD search due to the anticipated min-
imal volume of material associated with that topic based
upon preliminary inspection of the literature.
Other key publications of interest focus on initiatives for
the long-term follow-up evaluation of newborn screen-
ing programmes; such initiatives encompass but are not
limited to outcomes of newborn screening for PKU and/
or MCAD deficiency. These publications will be
identified by conducting an additional search. The
search strategy for this additional search has been devel-
oped for MEDLINE and Embase only, and includes con-
trolled vocabulary (e.g., “Metabolism, Inborn Errors”,
“Neonatal Screening”, “Outcome Assessment (Health
Care”)) and keywords (e.g., “newborn screening”, “inborn
metabolic disease”, “long-term follow-up”).
Due to resource constraints and in the context of

this rapid review, all results will be limited to the
English language and to the publication years 1990
to the present. When possible, animal-only records
will be removed from the results. All strategies will
be independently peer reviewed prior to execution
by a second information specialist using the Peer Re-
view of Electronic Search Strategies (PRESS) check-
list [68]. The proposed search strategies are provided
in Additional file 1.2.
Given the challenge of searching this topic (e.g., unre-

fined and diverse vocabulary), we will undertake supple-
mentary searches for citations to key articles pertaining
to long-term follow-up initiatives for newborn screening
using Web of Science and Google Scholar. We will also
use the “related citation” feature in PubMed and other
databases to find articles that have been similarly
indexed. Additionally, we will perform a grey literature
search of targeted sites (e.g., Newborn Screening Trans-
lational Research Network) to identify existing docu-
ments related to COS and will supplement this by
searching additional relevant sites as identified in the

Canadian Agency for Drugs and Technologies in Health
(CADTH) tool, Grey Matters (https://www.cadth.ca/re
sources/finding-evidence/grey-matters). Given our re-
source constraints, the grey literature search will be lim-
ited to what can be accomplished within 15 hours by
one reviewer.

Other COMET paediatric projects In order to
synthesize and acknowledge what other groups have
been incorporating into their COS for other paediatric
conditions, we will also conduct a grey literature search
of the COMET database. This will not be specific to
PKU or MCAD deficiency, rather it will focus on
chronic paediatric conditions.

Study eligibility criteria
Eligibility criteria that will be used to identify relevant
studies for each of the planned reviews have been pre-
defined in terms of the patient, population or problem,
intervention, comparison, outcomes, and study design/
setting (PICOS) criteria (Table 1).

Process of study screening and selection
We will identify and remove duplicates from the biblio-
graphic and grey literature searches. The remaining arti-
cles will be uploaded into an online systematic review
software package, Distiller SR (Evidence Partners, Inc.,
Ottawa, Canada) for level 1 (title/abstract) and level 2
(full text) screening (draft screening forms are provided
in Additional file 1.3). Level 1 screening will be
performed by two independent reviewers (among M
Pugliese, A Rahman, K Tingley). A liberal accelerated
approach will be used for level 1, where a single reviewer
will need to classify the title/abstract as potentially eli-
gible for it to advance forward to level 2. At this first
stage, in order for an article to be excluded, two re-
viewers need to agree on its exclusion. Level 2 screening
will also be conducted by two independent reviewers
(among M Pugliese, A Rahman, K Tingley), who will
need to agree fully on the article’s inclusion/exclusion.
Conflicts at full-text screening will be resolved by

consensus discussion or discussion with a third team
member. A pilot screen will be implemented for level 1
(n = 20) and level 2 (n = 10) prior to the commencement
of the screening process to achieve agreement between
reviewers. A second pilot screen may be implemented if
changes are made on the basis of the first pilot screen.
Reports that are co-publications or multiple reports of
the same study will be identified as such. A PRISMA
flow diagram will be used to summarize the number of
studies included and excluded with reasons provided for
exclusion at level 2 [69]. Articles presented in abstract
form only (including conference abstracts) will not be
included.
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Data collection
The data extraction form for this review will be imple-
mented in Microsoft Excel and pilot tested on a sample
of studies (n = 10). One reviewer will extract data and a
second reviewer will verify the information collected.
For all identified studies, we will extract the following:
publication characteristics, study design, population de-
scriptors (e.g., patient age distribution, diagnoses), inter-
vention and comparator details (for studies with the
primary purpose of evaluating one or more interven-
tions), and outcomes (general description, outcome
measurement instruments, validation status). Details of
the data elements we plan to extract are provided in
Additional file 1.4. As the purpose of the current study
is the development of a map of the outcomes assessed
and reported in studies of interest (without formal data
syntheses), no risk of bias evaluations will be performed.
Authors of the included studies will not be contacted for
missing or unclear data, due to time restraints.

Analysis and presentation of summarized findings
We will summarize the results separately for each dis-
ease. In addition to summarizing study characteristics,
evidence tables will be used to list outcomes and out-
come measurement instruments, by study. We will
summarize outcomes by date of publication and age of
the children studied. In order to manage an expected
large number of outcomes based on the rapid review

findings [33, 35, 40], we will combine those outcomes
that may have been given different names by study au-
thors but that reflect the same underlying construct. We
will also organize the outcomes into core areas and do-
mains within these core areas. Following other paediatric
COS projects, we will rely on the Outcome Measures in
Rheumatology (OMERACT) core areas of death, life im-
pact, pathophysiological manifestations, and resource
use, and we will add the paediatric-specific core area of
growth and development [35, 70]. The research team
will establish a definition for each outcome and we will
place outcomes within domains or categories established
based on discussion among members of our multidiscip-
linary team. Each outcome will be mapped to a domain
and each domain placed within a core area.

Delphi consensus process and final COS development
To establish consensus on COS for PKU and MCAD de-
ficiency, we will use separate (disease-specific) Delphi
surveys with patients/family members, healthcare pro-
viders, and health system decision-makers as survey par-
ticipants, following methods recommended for COS
development [32] and consensus approaches used by
members of our research team [71, 72].

Delphi participants and recruitment strategy
Involving patients or their family members as well as
providers and health system decision-makers in Delphi

Table 1 Study eligibility criteria defined according to PICOS

PICOS component PKU and MCAD deficiency Other COMET paediatric projects

Population (i) Children (aged 18 years or younger) diagnosed with PKU or
MCAD deficiency

Children (aged 18 years or younger) diagnosed with a
paediatric condition

(ii) For publications focused on long-term follow-up initiatives for
newborn screening programmes, children (aged 18 years or
younger) diagnosed with inherited metabolic diseases generally
(including but not limited to PKU and MCAD deficiency)

Exclusions: for (ii) above, publications describing long-term follow-up
initiatives for newborn screening, we will exclude publications
where neither PKU nor MCAD deficiency are encompassed within
the set of diseases being studied

Interventions/
comparators/
exposures

As the review’s objectives are to establish a listing of reported
outcomes, no restrictions will be in
place related to specific interventions or exposures

Outcomes No restrictions will be in place in terms of outcomes, given
the objectives of the review; mapping of reported
outcomes will be established

Study design (i) Eligibility will be restricted to non-animal studies of PKU and MCAD
deficiency, using any study design

Eligibility will be restricted to publications describing
findings from core outcome initiatives related to other
paediatric conditions (nonspecific to PKU or MCAD)

(ii) Publications focused on long-term follow-up initiatives
related to newborn screening and IMD (which include PKU a
nd/or MCAD deficiency within a larger group of diseases)

Exclusions: case reports and case series with fewer than 5 subjects

Language English English

PICOS patient, population or problem, intervention, comparison, outcomes and study design/setting, PKU phenylketonuria, MCAD medium-chain acyl-CoA
dehydrogenase, COMET Core Outcome Measures in Effectiveness Trials, IMD inherited metabolic diseases
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surveys to establish a COS ensures broad input with re-
spect to the outcomes selected. Relative to other data
collection strategies, surveys also offer respondent confi-
dentiality, which may reduce the influence of power dif-
ferentials among stakeholder groups [73]. Thus,
potential participants in the Delphi process will include
Canadian metabolic physicians and dietitians who are
members of the Garrod Association, a Canadian profes-
sional association of care providers and care centres in
the field of IMD (approximately 80 eligible providers);
family members of children with PKU (approximately
130 eligible families) or MCAD deficiency (approxi-
mately 70 eligible families) who are participating in the
CIMDRN; and health system decision-makers involved
in orphan drug regulation and reimbursement of drugs
and supplements at the Canadian provincial or local
(hospital) level (we will aim to identify approximately 30
eligible decision-makers). We will contact potential par-
ticipants by email (healthcare providers, system
decision-makers) or mail (CIMDRN families) up to three
times to invite their participation in mailed and/or
internet-based Delphi surveys, with consent provided by
mail, email, or telephone.
CIMDRN families who are invited to participate will

receive information about COS and Delphi surveys that
is written in lay language. This will be supported by the
work of the Family Advisory Forum, composed of ap-
proximately six to eight individuals who are family
members of children with IMD (including but not lim-
ited to families of children with PKU and MCAD defi-
ciency). Family Advisory Forum members have agreed to
work in partnership with the investigator team, and par-
ticularly with the patient/family member-investigators
on our research team (N Pallone, M Smith), to ensure
that this project incorporates their perspectives and that
the final outcomes that are part of the COS are mean-
ingful to patients and their caregivers.

Delphi questionnaire development, data collection, and
analysis
The research team and Family Advisory Forum will col-
laborate to develop disease-specific questionnaires for
the first round of the Delphi survey, which will incorpor-
ate lists of candidate outcomes based on the results of
the rapid review and evidence map. The outcomes will
be organized within domains and core areas on the
questionnaire in order to manage the long list and so
that survey participants may think about their responses
within these strata. We will ensure that the question-
naires include clear and meaningful content and lan-
guage for family members of children with MCAD
deficiency and PKU. Participants will be able to
complete the surveys online or by mail.

For each disease, we will conduct at least two rounds
of survey data collection; a possible third round will de-
pend on the degree to which consensus is achieved [32].
In the first-round survey, participants will be presented
with a list of potentially relevant outcomes derived from
the rapid review results. Respondents will be asked to
score each outcome on a scale from 1 to 9 with respect
to its perceived importance, whereby 1–3 represents an
outcome “of limited importance”, 4–6 “important but
not critical”, and 7–9 “critical” [32]. Participants will also
have the option of adding outcomes not already included
on the list [32]. The survey results will be analyzed sep-
arately for healthcare providers, family members, and
health system decision-makers. For each outcome, we
will tabulate the frequency and percentage of respon-
dents within each stakeholder group who scored the
outcome as 1–3, 4–6, or 7–9, together with the mean
and standard deviation of the individual scores.
In the second round of each Delphi survey, the first

round results will be summarized and presented to sur-
vey participants. The second survey will provide an op-
portunity for participants to re-score the original
outcomes and to score any new suggested outcomes. To
promote consensus across (rather than only within)
stakeholder groups, the summary of the first-round re-
sults provided to each participant for each outcome in
round two will include the participant’s own prior score
and the summarized scores from every participant
group, presented separately [33]. The results will again
be analyzed separately for each participant group. If at
least 70% of respondents among any participant group
(providers, family members, decision-makers) score an
outcome as “critical” (score of 7–9) and fewer than 15%
score it as “of limited importance” (score of 1–3), we will
conclude that that participant group has reached con-
sensus that the outcome is critical [32]. Correspondingly,
if at least 70% of respondents among any participant
group (providers, family members, decision-makers)
view an outcome as “of limited importance” and fewer
than 15% score it as “critical”, we will conclude that that
participant group has reached consensus that the out-
come is of limited importance. The research team will
decide whether a third Delphi round is necessary, based
on consensus having been reached on a reasonable pro-
portion of outcomes from the second-round findings.
This is difficult to determine a priori, given uncertainty
about how many outcomes will be included in the sur-
vey pending the rapid review findings.

Final COS development
The research team and Family Advisory Forum members
will meet in person to review the Delphi results and to
establish an initial COS for each of PKU and MCAD de-
ficiency. Unfortunately it will not be feasible to invite all
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of the Delphi participants to attend the final consensus
meeting in person, due to limited resources and the
Canada-wide nature of the study. Some of the Delphi
participants may be at the meeting by virtue of their in-
clusion on our research team (as patient/parent partners
or clinician investigators) or on our Family Advisory
Forum (some Forum members will be eligible to partici-
pate in the Delphi survey as parents of children with
PKU or MCAD deficiency). To give other Delphi partici-
pants the opportunity to contribute to the final consen-
sus, we propose to use web-casting or a similar
approach to allow off-site (virtual) participation in the
meeting. All Delphi respondents from all stakeholder
groups will be invited to contribute in this manner and
will also be invited to comment on each COS before
they are finalized (see below).
At the final consensus meeting, all candidate outcomes

considered critical by at least one stakeholder group
based on the Delphi results will be considered for the
final COS. Based on published outcome sets in other
areas of paediatrics, we anticipate that each final COS
will include approximately six to nine outcomes [38, 40].
If the number of outcomes deemed critical is viewed as
too large to feasibly incorporate into a COS (e.g., more
than ~10 outcomes), we will use the results of the
Delphi to inform a discussion at the final consensus
meeting in order to reduce the size of the COS. This may
involve implementing stricter criteria for interpreting the
Delphi findings (for example, ranking outcomes based on
the mean numerical ratings). As the Delphi survey results
are emerging, the study team will use literature search-
ing, including the results of the rapid review described
above, our previous scoping review [66], and initiatives
such as PROMIS (paediatric item bank) [74], to identify
potential outcome measurement instruments for the
outcomes included in each COS, i.e., to operationalize
the outcomes with data collection tools. Candidate out-
come measurement instruments will be reviewed within
the study team against the following criteria:

� Face validity: do team members, particularly
patients/family members, clinicians, and policy-
makers, find the outcome measurement instrument
meaningful as an indicator of the core outcome?

� Measurement properties (guided by the Consensus-
based Standards for the Selection of Health
Measurement Instruments (COSMIN) initiative)
[75]: based on published evidence, is the outcome
measurement instrument reliable? Does it have
construct validity? Has it been demonstrated to be
responsive to change? Have previous validation
studies involved populations similar to those likely
to be included in comparative effectiveness studies
for paediatric PKU or MCAD deficiency?

� Relevance: is the outcome measurement instrument
likely to be broadly relevant across comparative
effectiveness trials of different interventions? If
appropriate, can it be used to evaluate cost-
effectiveness?

� Feasibility: as judged by the research team and
Family Advisory Forum, can the outcome
measurement instrument be implemented through
online patient surveys or integrated into patients’
paper or electronic charts as part of routine clinical
care?

We may revise the initial COS for each disease based
on this process. For example, if there are outcomes
deemed critical but for which there are no valid, reliable,
relevant, and feasible outcome measurement instru-
ments, these outcomes may be excluded from the
COS but published as a separate list requiring urgent
development of measurement instruments. Before being
finalized, each COS will be made available on a study-
specific web page to all Delphi participants for comment.
The research team will hold a final teleconference to dis-
cuss any comments received and make any final revisions
deemed important before publishing each COS. This
study will yield a finalized COS for each of PKU and
MCAD deficiency, and a set of candidate outcome meas-
urement instruments for each COS.

Discussion
Strong randomized trial-based evidence is seldom avail-
able to inform clinical practice guidelines for IMD such
as PKU and MCAD deficiency [44, 76–78]. At a policy
level, regulatory and reimbursement decisions about
treatments for IMD are inconsistent across jurisdictions
and frequently contentious, in part due to the scarcity of
evidence to support decision-making [79, 80]. This
protocol is a crucial step in developing the capacity to
rapidly launch randomized trials with meaningful out-
comes in response to emerging comparative effective-
ness questions in the field of paediatric IMD. Such trials
will support patients or their family members and clini-
cians in making decisions in routine practice and will
help to resolve policy debates by contributing high-
quality evidence for health system decision-making.
We describe a systematic approach to developing a

COS, including the integration (through the Delphi
process and/or within the research team) of the perspec-
tives of patients/family members, clinical providers,
health system decision-makers, and methodologists, suit-
able for incorporation into a paediatric IMD registry.
This study will help to ensure that the methods of the
trials catalyzed by our work meet all stakeholder expec-
tations with respect to inclusion of meaningful and
rigorous outcomes.
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Status
At the time of submission of this manuscript, the search
strategy for the rapid review and evidence map has been
peer-reviewed and implemented; and screening against
inclusion/exclusion criteria is underway.
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