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Cerebral palsy (CP) is a clinically heterogeneous condition
of movement, posture, and motor function attributed to a
non-progressive and permanent disturbance to the fetal or
infant brain." It is well recognized that the causal pathways
to CP are complex and, in many cases, undefined. Known
causal pathways include preterm birth, congenital anoma-
lies, hypoxia-ischemia, infection, and pre- and perinatal
stroke.” Recently, it has become widely accepted that ge-
netics also plays a role in the causal pathways to CP,* which
has led to the formation of the International Cerebral Palsy
Genomics Consortium (ICPGC).’

The ICPGC aims to better understand the genome's role
in CP through international collaboration via the collec-
tion and sharing of phenotypic and genomic data, and the
interpretation and dissemination of findings to the broader
community. Consequently, the CP Commons data sharing
platform was developed to assist collaboration. It is pivotal
to the success of genetic data sharing efforts that these data
are accompanied by high-quality phenotype information,
allowing researchers to identify more precise and reliable
genotype—phenotype correlations.® However, data collection
is frequently fragmented as it has not been collected system-
atically or consistently across all institutions or countries.
This variation creates notable barriers to information ex-
change due to a lack of interoperability and the need for data
transformation, thereby diminishing the value of the data.

Common data elements (CDEs) are a practical method to
standardize data collection across numerous sites and stud-
ies. Their primary purpose is to ensure reproducibility and
interoperability among different data sets for data sharing
and to improve the quality of data collection.” CDEs are
precisely defined data collection units comprised of one or
more questions together with a set of valid responses. CDEs
are usually defined through an iterative process from var-
ious stakeholders to obtain a broad consensus.” The US
National Institute of Health has been developing CDEs®
for over 20years across many diagnostic groups, including
CP.’ Similarly, population-based CP registries, such as the
Australian Cerebral Palsy Register'® and the Surveillance
of Cerebral Palsy in Europe,'' also have well-established
CDEs. Despite these high-quality resources, these CDEs
were designed for the purposes of tracking epidemiologi-
cal trends, measuring the impact of preventative strategies,
streamlining outcome measures collected in clinical trials
and intervention studies, as well as providing a framework
for collaborative research. The CDEs described herein are

demographics, diagnostics, family history, antenatal and neonatal details, clinical
traits, and CP-specific assessments. Of these, 10 are mandatory, 42 core, 41 recom-
mended, and 14 are exploratory.

Interpretation: The ICPGC CDEs provide a foundation for the standardization of
phenotype data captured in CP genomic studies and will benefit international col-

laborations and pooling of data, particularly in rare conditions.

What this paper adds

e A set of 107 common data elements (CDEs) for
genomics studies in cerebral palsy is provided.

o The CDEs include standard definitions and data
values domains.

o The CDEs will facilitate international data shar-
ing, collaboration, and improved clinical inter-
pretation of findings.

designed to build upon these existing frameworks while fo-
cusing on aetiology, antenatal risk factors, and deep pheno-
typing, as is required for genomic studies of CP.

The first aim of this study was to define a set of CDEs for
genomic studies in CP using the Delphi method to achieve
consensus. The Delphi method consists of iterative rounds of
surveys, whereby a group of experts can achieve broad con-
sensus via the revision of their responses based on other par-
ticipants' responses.'” As survey responses are anonymous, it
creates the opportunity for group-based decision-making as
all voices are equally heard.'” The Delphi method is widely
used in many areas of health care for an array of research
purposes,"” including the development of CDEs."*™

The second aim was to define a minimum data set (MDS)
from the CDE:s for genomic studies in CP. The MDS is here
defined as the absolute minimum amount of data required
to ensure the utility and value of data is achieved. The MDS
aims to promote data collection and wider data sharing
while minimizing the administrative burden for research-
ers and health care providers. Establishing an MDS can also
promote participation as it can allow the inclusion of ret-
rospective cohorts that may not have captured all the data
defined in the CDEs.

METHOD

The development of the ICPGC CDEs for genomic studies of
CP consisted of three phases: (1) a scoping review of the lit-
erature and development of the draft CDEs; (2) a modified,
three-round Delphi process to achieve consensus on CDEs
important for genomic studies of CP and to assign each data
element to a hierarchal level based on their importance; and
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(3) development of the MDS (Figure S1). The reporting of
this study follows the Conducting and Reporting of Delphi
Studies recommendations,"® which aim to improve the qual-
ity of Delphi study reporting.

Phase 1: identification and prioritization of a
candidate set of CDEs

During this phase, a steering committee (YW, SMc, HSS)
was established to carry out a scoping review of the lit-
erature, existing CDEs, and other standardization efforts.
Clinical data elements were extracted from published
studies (2005-2017) and the Australian Cerebral Palsy
Biobank'® and imported into Microsoft Excel for process-
ing, collating, and prioritization with existing CDEs from
the Australian Cerebral Palsy Register,'® Surveillance of
Cerebral Palsy in Europe,'' the Childhood Cerebral Palsy
Integrated Neuroscience Discovery Network,?® National
Institute of Neurological Disorders and Stroke (NINDS)
CDEs for CP,” the Australian and New Zealand Neonatal
Network,”! the European Platform for Rare Disease
Registries,”” and the National Centre for Advancing
Translational Sciences Global Rare Disease Patient
Registry Data Repository.23

The clinical data elements were aggregated to show where
commonalities existed across different studies or dictionar-
ies and the differences in the data value domains. The list
was reviewed by the steering committee, which used a risk-
factor systematic review’ to guide the appropriate inclusion
of data elements pertaining to CP aetiology. Data elements
were removed if they (1) focused on interventions, treat-
ments, and therapies of CP; (2) were considered of little in-
terest in genomic studies of CP; or (3) the data element was
infrequently collected.

The ICPGC Phenotype Working Group (PWG) reviewed
the draft clinical data set. Data elements were prioritized for
inclusion if the data element was considered important for
genetic studies of CP; had an internationally standardized
collection method, reporting variables, or ontologies; and
had broad utility. Data elements with non-standardized col-
lection methods reporting variables or ontologies (including
free text options) could be included if the variable was im-
portant to CP aetiology.’

The steering committee collated a final selection of po-
tential data elements for review in the modified Delphi
process. The data elements were sorted into the following
categories: demographics, diagnostics, clinical traits, CP-
specific assessments, family history, and antenatal and neo-
natal details. The survey was piloted by KO and EW.

Phase 2: modified Delphi consensus process to
select CDEs

The steering committee (YW, SMc, HSS) facilitated the
three-round Delphi process and did not participate in the

Delphi rounds. A purposive sample of 76 panellists were in-
vited via email to participate in Phase 2 (Appendix S1). The
invited panellists included members of the ICPGC (n=50);
professionals recommended by members of the ICPGC-
PWG with expertise in data management, phenotyping,
CP genetics, clinical genetics, and CP aetiology (n=24); and
consumers (n=2). The invited panellists and members were
from Australia, Canada, China, Finland, France, Israel,
Japan, Sri Lanka, Sweden, the UK, and the USA. An invi-
tation was also distributed to members of the Australian
Academy of Cerebral Palsy and Developmental Medicine.
Participant anonymity was maintained throughout the
Delphi process. Participants were required to respond to
the prior round of the Delphi survey to be invited to the
subsequent stage.

During Phase 2, an online, modified Delphi consensus
process was conducted via REDCap.** The purpose of this
process was to (1) reach a consensus on the data elements to
be included in the ICPGC CDEs, and (2) attribute each data
element to the appropriate hierarchical level. These levels
were (1) ‘core™ essential information required for all genetic
studies of CP; (2) recommended” important information
for most genetic studies of CP; (3) ‘exploratory’: somewhat
important, but unlikely to be required in most genetic stud-
ies of CP; or (4) ‘not required’ not important for genetic
studies in CP and would be removed from the list.

During round 1 (Appendix S2), respondents indicated
which hierarchical level the data elements should be as-
signed to and were able to propose new data elements that
had not been included or modifications to the existing
data elements.

During round 2 (Appendix S3) and round 3 (Appendix
S4) of the Delphi process, participants could see the results
of all data elements that achieved consensus in the prior
round. For data elements that did not reach consensus, par-
ticipants could view the responses as a percentage of each
hierarchical level (core, recommended, exploratory, not re-
quired) from the previous round. The results from the pre-
vious round were embedded within the survey to provide
context for each data element and to highlight whether the
data element was new, had reached consensus, or was yet to
reach consensus.

After the third round of the Delphi survey, any data el-
ements that did not reach consensus were reviewed and as-
sessed independently by two of the members of the steering
committee (YW and SMc). Disagreements were discussed
and resolved by either consensus or consultation with a third
reviewer from the steering committee (HSS). The data ele-
ments were scored against two criteria initially posited by
the ICPGC-PWG as key requirements in the development
of these CDEs: (1) is the data element important for genomic
studies of CP; and (2) does the data element have an interna-
tionally standardized collection method, reporting variables
or ontologies. A ‘yes’ response was given a value of 1, and a ‘no’
response was given a value of 0. Data elements were assigned
to core if they had a score of 2, to recommended if they had a
score of 1, and to exploratory if they had a score of 0.
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Phase 3: define the MDS

During this phase, a team from the ICPGC-PWG was es-
tablished (HSS, NB, SMc, MF, MCK, YW) to draft the pre-
liminary MDS from the CDEs designated as core during the
Delphi process. The proposed MDS was sent to the ICPGC-
PWG (Appendices S5 and S6) via a REDCap survey to achieve
agreement from the Working Group on what data elements
should be ‘mandatory’. Agreement was considered reached
if 75% or more respondents indicated that the data element
should be mandatory. If the data element had less than 75%
support, it would remain as ‘core’. During this survey, re-
spondents could make additional suggestions for other data
elements to be included in the MDS. These data elements
had to come from the core data element, as identified during
the Delphi process. Any suggestions received during the first
round were reviewed and redistributed to the ICPGC-PWG.

Statistical analysis

Descriptive statistics were used to describe participants’
demographics and survey responses. Data elements were
considered to have reached consensus when more than 75%
of Delphi respondents agreed that a data element should be
‘core’, ‘recommended’, ‘exploratory’, or ‘not required’. This
level of agreement has been considered appropriate in other
Delphi studies.”® Analyses were performed using IBM SPSS
software, version 24 (IBM Corp., Armonk, NY, USA).

Ethics

The project had approval from the University of Sydney
Human Research and Ethics Committee, a National Health
and Medical Research Council accredited Human Research
and Ethics Committee (2020/468).

RESULTS

Phase 1: identification and prioritization of a
candidate set of CDEs

Data elements and variables were extracted from relevant data
dictionaries and published CP genetic studies. The number
of data elements extracted from each resource varied from 10
to the thousands. There was significant diversity in the data
elements collected and reported in the literature. Only two
data elements were consistently common among all resources
- sex and age — albeit with some variability in their definitions
and value domains. Several of the resources included data el-
ements that collected country- or organization-specific vari-
ables that were not suitable for inclusion in an international
data collection tool. Where possible, these data elements were
given a broader range of values, more representative of the in-
ternational cohorts (i.e. ethnicity).

For review in the modified Delphi survey, a final list of
82 data elements was organized into four categories: partic-
ipant information, CP-specific assessments, family history,
and pregnancy and birth history.

Phase 2: modified Delphi consensus process to
select CDEs

Forty-six respondents participated in round 1 of the Delphi:
37 of the 78 invited panellists participated (47.4% response
rate), and nine members from Australian Academy of
Cerebral Palsy and Developmental Medicine. Of the 46 par-
ticipants, 27 were female (58.7%) and 19 were male (41.3%);
they included physicians (1=19, 41.3%), researchers/scien-
tists (n=17, 37%), allied health practitioners (n=8, 17.4%), and
two consumers (4.3%).

Table S1 shows the summary results of all data elements
from the modified Delphi survey.

During round 1, 18 of the 82 data elements (22.2%) reached
consensus. These included 17 core and one recommended
data element. Additionally, 65 suggestions or modifications
were made, which resulted in 20 data elements being added
to the data elements list and reorganized into six categories:
demographics, diagnostics, clinical traits, CP-specific assess-
ments, family history, and antenatal and neonatal details.

Round 2 was distributed to the 46 participants who com-
pleted round 1. Thirty-three individuals participated (72% re-
tention rate). Thirty-two (38.1%) of the 84 data elements reached
consensus during this round, 20 core and 12 recommended.

Round 3 was sent out to the 33 participants who completed
round 2. Twenty-seven completed the Delphi (82% retention
rate). Twenty-five (48.1%) of the 52 data elements reached con-
sensus, 10 core and 15 recommended. Twenty-eight data el-
ements did not reach a consensus during the Delphi process
and were reviewed by the steering committee. Upon review-
ing the raw scores for the data elements, no data element re-
ceived more than 15% agreement as not required. Therefore,
the steering committee included all the data elements in the
review. Of the 28 residual data elements, one was assigned to
core, 14 to recommended, and 13 to exploratory (Table S1).

Phase 3: define the MDS

The MDS team reviewed the 52 core data elements, and a
preliminary MDS of 10 data elements was formed. During
this phase, the team introduced two new data elements and
modified one existing data element in an effort to operation-
alize the consensus definition of CP.' This MDS was sent to
the ICPGC-PWG and Governance Council (n=23 members)
for review and consensus on the inclusion or exclusion of the
data elements. Seventeen individuals responded (73.9% eli-
gibility rate). Of the 10 data elements, eight had more than
75% of respondents agree that it should be considered man-
datory and part of the MDS. Four additional data elements
were recommended for the possible inclusion in the MDS by
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TABLE 1

Minimum data set

What is the individuals’ year of birth?
What is the sex of the individual?

What country was the individual born
in?

Does the individual have a permanent
(non-paroxysmal) movement
disorder?

Is the individual’s clinical course
degenerative?

Please list positive Human Phenotype
Ontology traits (minimum 3)

What is the predominant motor type of
the individual’s CP?

What is the laterality of the individual’s
predominant motor type?

GMFCS level

ICPGC CDE’s minimum data set

Data value domains

YYYY

1, Male

2, Female

3, Intersex
99, Unknown

International
Organization for
Standardization-3166
2-alpha code

0, No
1, Yes

0, No
1, Yes

e.g. HP:0100277

1, Spastic
2, Dyskinetic - dystonia
3, Dyskinetic
- choreoathetosis
4, Ataxic
5, Hypotonic®

1, Unilateral
2, Bilateral

1, GMFCS level I

2, GMFCS level IT
3, GMFCS level 111
4, GMFCS level IV
5, GMFCS level V
99, Unknown

Does the individual have epilepsy? 0, No
1, Yes

ICPGC, International Cerebral Palsy Genomics Consortium; CDE, common data
element; GMFCS, Gross Motor Functioning Classification System.

*Not all CP classification schemes recognize a hypotonic type.

the respondents. Of these four, two data elements had more
than 75% agreement from the respondents, making the final
MDS a total of 10 data elements (Table 1).

The ICPGC CDEs for genomics studies in CP

The ICPGC CDEs include 107 data elements, of which 10
comprise the MDS, the remainder are split across six catego-
ries: demographics (two core, four recommended); diagnos-
tics (four core, two recommended, one exploratory); family
history (five core, 10 recommended); antenatal and neonatal
details (16 core, 15 recommended, eight exploratory); clinical
traits (14 core, one recommended, four exploratory); and CP-
specific assessments (one core, 10 recommended) (Table S2).
Where possible, data value domain options were generally
based on existing standards. The CDEs are comprised of 74
enumerated and 33 non-enumerated data value domains (Table
S2). The non-enumerated values include 16 measurement val-
ues (including both integer and numeric options, where all
units are metric only), one date value (Gregorian calendar

year), and 16 descriptive free text options. Of the enumerated
data values 28 are ‘yes/no’ values, and the remaining 46 have a
defined list of permissible values, of which 32 use values from
established functional classification systems (i.e. the Gross
Motor Function Classification System), disease classifications
(i.e. the International Classification of Diseases), ontologies
(i.e. Human Phenotype Ontology), or other global standards
(i.e. International Organization for Standardization).

DISCUSSION

Through a review of the literature, existing data dictionar-
ies, and a modified Delphi method, a final set of CDEs for
routine collection of data in genomics studies of CP have
been developed. The CDEs recommended here will help
harmonize phenotype data collected across clinical and re-
search centres worldwide, enable de-identified data sharing,
and minimize the need for data transformation. This study
represents the first step in the standardization of phenotypic
data for genomics studies in CP.

As these CDEs were explicitly designed for phenotypic
data in genomic studies of CP, data elements pertaining to
phenotype, family history, and aetiology were vital. CDEs de-
liver more value when aligned with accepted data standards
and terminologies.”® Therefore, where possible, we adopted
data elements from relevant pre-existing CP data sets includ-
ing CP registries'™!" and the NINDS CDEs for CP,” to ensure
interoperability with these resources. We also included es-
tablished classification systems (i.e. Gross Motor Function
Classification System and the International Classification
of Diseases) and global standards (i.e. International
Organization for Standardization), where possible.

Similar to the NINDS CDEs for CP, our CDEs include a
structured hierarchical approach. Interestingly, most of the
‘mandatory’ and ‘core’ data elements are focused first and
foremost on phenotype and family history. Whereas the ‘rec-
ommended’ and ‘exploratory’ data elements are focused on
aetiology or environmental factors. These findings highlight
the current state of CP genomics research, whereby genotype-
phenotype studies are more predominant than genotype-
environment studies — which is likely to be the next frontier.

Concise phenotypic data is essential for driving data
sharing and is fundamental to the clinical interpretation
of genetic data. Deep phenotyping requires machine-
readable, granular phenotypic information from which
trends can be inferred. The Human Phenotype Ontology>®
allows for deep phenotyping of patients and disease char-
acteristics that are both human and machine-readable,
making it incredibly amenable to computational phenotype
analyses, which are paramount to the success of genom-
ics in CP. The Human Phenotype Ontology has become
the standard for reporting phenotypes in genomics proj-
ects by the Undiagnosed Diseases Program and Network,
Genomics England, the Database of Genomics Variation
and Phenotype in Humans using Ensemble Resources, and
RD-Connect, and is available in several languages.””*® The
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inclusion of the Human Phenotype Ontology as a manda-
tory data element is paramount to the interoperability with
these other projects and many others.

These CDEs are designed to be incorporated into all CP ge-
nomics studies. However, they should not be considered as a
finite set of data elements that must be collected. Instead, they
should be used as the foundation one can build on, depending
on the research question. As comprehensive as these CDEs are,
some research teams will need to collect additional data points
not currently included in the ICPGC CDEs. Researchers in-
vestigating the genome’s role in interindividual differences in
treatment outcomes (e.g. Diaz Heijtz et al.”*) may wish to use
a combination of the ICPGC CDEs and the NINDS CP CDEs.

Strengths and limitations

The use of the Delphi process is a strength of this study. The
Delphi methodology is a proven method to achieve consen-
sus through an iterative process.'” Furthermore, our panel
comprised 46 individuals from around the world, including
physicians, researchers/scientists, allied health practitioners,
and consumers. There are currently no CDEs for CP that
focus on aetiology, so these CDEs complement the existing
NINDS CDEs for CP. In addition, these CDEs may also serve
as a foundation for other (non-genetic) CP aetiological re-
search studies upon which to build. The MDS aims to pro-
mote data collection while minimizing the administrative
burden for researchers and health care providers.

The current study has some limitations. We could not
achieve consensus on all the data elements, which meant that
the steering committee assigned some hierarchy levels. In
addition, these CDEs do not include any data elements ded-
icated to the many interventions, therapies, and treatments
that an individual with CP may access. As intervention stud-
ies increase in frequency, recommendations for harmoniz-
ing these data will become necessary.

Future

These data elements are intended to be a dynamic first-
step to harmonizing clinical data in genomics studies of
CP. The next version of these CDEs will focus on compre-
hensive definitions, semantic annotations, and continued
integration with existing global standards.”® To expand
the interoperability of these CDEs with other disorders
with shared phenotypes that are frequently comorbid
with CP, we aim to work with subject matter experts and
data managers of these other disorders. We look forward
to feedback and recommendations from the ongoing use
and implementation of these CDEs. This discussion may
lead to new data elements to be added (e.g. the new Visual
Function Classification System®’), highlight better ways
to capture critical clinical characteristics, or identify pos-
sible barriers to implementation. As a result of this pro-
ject, we have now established a methodology for how the

ICPGC-PWG will continue to refine, modify, and amend
these CDEs into the future.

CONCLUSION

These CDEs offer the first step towards standardization and
harmonization of phenotype data in genetic studies of CP
to facilitate international data sharing, collaboration, and
improved clinical interpretation of findings. For the most
up-to-date version of the ICPGC CDEs, please refer to our
website, ICPGC.org.
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