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BACKGROUND: International consensus exists for neurodevelopmental follow-up care of children with congenital heart disease
(CHD) to support timely intervention for developmental delays. Yet, documentation of how this care is implemented in Australia is
lacking. This study aimed to identify, categorise, and understand care pathways and services supporting neurodevelopmental
follow-up of Australian children with CHD.

METHODS: A qualitative study, using semi-structured virtual interviews with healthcare professionals across Australia involved in
neurodevelopmental care of children with CHD (n = 52) was conducted. Data was analysed using a rapid qualitative approach
including structured templates, data reduction, and inductive-deductive analysis of matrices to synthesise data.

RESULTS: Most neurodevelopmental follow-up was delivered as pathways through existing healthcare services rather than
centre-based cardiac programmes. Service availability and accessibility varied across the country. Community-based primary
care services, paediatric clinics, child development services, neonatal follow-up programmes, and allied health providers were
commonly accessed pathway components. However, participants reported a lack of formal structures to coordinate care
pathways.

CONCLUSIONS: The study identifies how cardiac neurodevelopmental follow-up in Australia can be embedded into existing
services and adapted to meet local needs and contexts. Future approaches will benefit from integrating, leveraging, and
growing existing services, although adoption of new models may be needed.

Pediatric Research (2025) 98:966-975; https://doi.org/10.1038/s41390-024-03722-2

IMPACT:

® This study found neurodevelopmental follow-up care for children with CHD in Australia to be delivered as pathways
through existing services rather than the centre-based cardiac follow-up programmes common in North America.

® Our study describes alternate options, including providers in community settings, that can be used for follow-up care
delivery and how these can adapted to local context.

® Future approaches will benefit from integrating, leveraging, and growing existing services, although adoption of new
models may be needed. Greater systematic coordination of care pathways is still required to optimise service delivery,
inform planning, and support implementation of national standards of care.

INTRODUCTION

Children with congenital heart disease (CHD) are at higher risk of
adverse neurodevelopmental outcomes compared with the
general population.'™ Consequently, as increasing numbers of
children with CHD survive to adulthood, timely recognition and

exists for longitudinal neurodevelopmental follow-up care for
children with CHD, with practice recommendations published by
the American Heart Association (AHA),> Cardiac Neurodevelop-
mental Outcome Collaborative (CNOC),® and Australian
Childhood-onset Heart Disease Standards Writing Group.” All

recommendations take a risk-stratification approach including
routine developmental surveillance and periodic screening for
low-risk children, and formalised evaluation of developmental

intervention for those with neurodevelopmental concerns is key
to improving long-term outcomes for these children, their families,
the health system, and communities.” International consensus
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domains for those at highest risk. Children are then connected
with the intervention services necessary to address their devel-
opmental needs.

Structured cardiac neurodevelopmental follow-up programmes
play an important role in translating these recommendations into
practice. Longitudinal multidisciplinary follow-up programmes
specifically for children with CHD have been established within
paediatric surgical centres across the United States®° and to a
lesser extent Canada,'® and Europe.'’ These programmes have
been well accepted by families and demonstrate positive
outcomes for referral to support services. However, barriers to
their uptake and variations in programme implementation have
been reported.'? Questions also remain about the implementation
and feasibility of these mostly centralised and hospital-based
programmes across different contexts.'®'® For example, research
demonstrates an absence of such programmes for children with
CHD in South Africa’® and the United Kingdom,'* which both have
a greater reliance on individual paediatric clinicians to perform
surveillance and screening. Additionally, sites in Australia and
France have adopted alternate models such as decentralising care
to multi-disciplinary community based providers,”> or using a
combination of general paediatrician follow-up and parental
screening questionnaires.'®

It is unlikely that any single care model for cardiac neurode-
velopmental follow-up will meet the needs of all families and
health services. Some families prefer to return to a familiar hospital
for follow-up care, while others may experience emotional and
physical stress when making frequent visits to the same
hospital.'”'® From a health service perspective, different efficien-
cies and costs are associated with centralising and decentralising
care.'® Additionally, the role of different implementation contexts
must be considered. In regions with a geographically dispersed
population, such as Australia, programmes based predominantly
at tertiary centres may create inequities in access for those living
distant from the follow-up centre.’°~>? Consequently, a range of
approaches may be needed to meet the needs of different
families and health systems, and equitably implement recom-
mendations for neurodevelopmental follow-up across different
countries and contexts.

The implementation of several individual programmes for
cardiac neurodevelopmental follow-up of children in Australia
has been reported.”>*** However, documentation of common
approaches to follow-up at a national level is lacking. Given the
recent publication of national standards which recommend
developmental surveillance and screening for all children with
CHD, and formal standardised developmental evaluation for
children at high-risk,” it is imperative to more broadly understand
how current national practice is supporting optimal follow-up of
these children. From a health service perspective, understanding
common models of care and follow-up pathways is important for
supporting the implementation of these standards, as well as
identifying gaps and developing potential strategies to optimise
service delivery. Therefore, this study aimed to identify, categorise,
and understand existing care pathways and services that support
the neurodevelopmental follow-up needs of Australian children
with CHD, drawing on the knowledge and experiences of
healthcare professionals.

METHODS

Design

We performed a qualitative, interview-based study to capture information
about the models of care supporting neurodevelopmental needs of
children with CHD in Australia from a service delivery perspective. This
qualitative approach was aligned with both the exploratory nature of the
research, as well as our aim to build understanding of current follow-up
practices. Additionally, the exploratory descriptive design chosen®®
allowed for in-depth exploration of the real-world experiences of
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professionals embedded in healthcare services, including understanding
the ‘who’, ‘what’ and ‘where’ of neurodevelopmental follow-up care. The
study was informed by a scoping review of international models of care'?
as a means of understanding the key elements and processes involved in
service delivery and to ground the research in existing practice.

Approval was granted by the Children’s Health Queensland Hospital and
Health Service Human Research Ethics Committee (LNR/21/QCHQ/73748)
prior to study commencement. Reporting of recruitment, data collection
and analysis was guided by the COnsolidated criteria for REporting
Qualitative Research.?®

Sample and recruitment
As this study was concerned with the organisation and delivery of care
from a service perspective, healthcare professionals (rather than families or
service users) were the target sample. Participants from across Australia
with experience in the design, implementation, or delivery of neurodeve-
lopmental care for children with CHD were eligible, including both those
with specific cardiac neurodevelopmental experience and others working
in cardiology or developmental paediatrics more broadly. We aimed to
recruit professionals across a range of geographical locations, clinical
settings, disciplines, leadership levels, and years of experience. Conse-
quently, purposeful sampling using a combination of snowball and
maximum variation strategies®” was employed to identify and recruit
participants through existing clinical networks and via study partners
based at hospitals across Australia. In this manner the final sample was
built by asking for recommendations of new participants with key
characteristics from those already interviewed in the study. A combination
of thematic saturation (no new information arising from new participants)
and data sufficiency across key participant demographics was used to
establish the final sample size.?®

Initially, an introductory email was sent to potential participants by
clinical study partners in each Australian state and territory. Those who
expressed interest were sent another email by the project co-ordinator to
provide participant information and schedule an interview, with a follow-
up email to non-responders two-weeks later. All participants were
informed that participation was voluntary and would not affect their
professional relationships or employment with study partners. Informed
verbal consent was obtained prior to starting each interview. The same
recruitment and consent procedures were followed for participants
identified via snowball sampling.

Data collection

A semi-structured interview guide (Supplementary Material 1) was
developed by BA based on a scoping review of previous literature'® and
expert opinion of clinical team members. It comprised a set of open-ended
questions about current roles and practices in cardiac neurodevelopmental
follow-up care and probing questions to elicit detail about specific service
elements or map family journeys through existing pathways. Participants’
professions, locations and other demographic characteristics were also
collected.

Two experienced PhD-qualified health service researchers (BA, female
and DR, male) conducted virtual semi-structured interviews of
30-60 minutes in duration between August 2022 and February 2023.
These occurred via Zoom, Microsoft Teams, or telephone, based on
participants’ preferences. While most interviews were conducted one-on-
one, one interview had three participants, and two interviews had two
participants each. Zoom and Teams audio recordings were professionally
transcribed to help maintain participants’ original voices and allowed
frequent revisiting of the data to maximise validity of the analysis. Detailed
notes were taken during phone interviews as these were not recorded.

Data analysis

Data were analysed using a rapid qualitative approach including the use of
structured templates, purposeful data reduction and inductive-deductive
analysis of matrix displays.?**° How the six stages of rapid analysis were
operationalised for data analysis in our study is described in Table 1.

To add depth to our findings and increase rigor, we performed
methodological triangulation using additional data from online sources.?'
We performed Google searches for each category of service/clinic
identified within each geographical region to supplement the under-
standing of common pathways gained from participant interviews with
publicly available organizational data. Data obtained from these searches
were used to establish if services only mentioned in one or two
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Table 1.

Rapid analysis stage

1. Creating a summary template

2. Test driving the template with a transcript
3. Amending the template and retesting

4. Dividing the data and making summaries of
the remaining data

5. Creating a matrix of summarised content

Six stages of rapid qualitative analysis and methods used to conduct each stage.

Methods applied

A summary template was developed in Microsoft Word aligned with the questions of the
interview guide (Supplementary Material 2). A column for capturing quotes was also
included.

The template was then tested by two researchers (BA and DB) who independently
summarised the same two transcripts.

Summaries were compared and discussed, with the template found sufficient for the
remaining analysis after clarification of some definitions.

The remaining transcripts were divided evenly between BA and DR for analysis. Each
researcher independently summarised their allocated transcripts and spot-checked the
other’s summaries.

Summaries were grouped according to participants’ state/territory of practice and BA and DR
worked together to reduce data into region-based matrices in Microsoft Excel.

An inductive approach was used to identify unique follow-up pathways and services in each
region (matrix columns). Data about a common set of pre-defined characteristics for each
pathway/service were then deductively extracted (matrix rows), resulting in one matrix of

follow-up pathways for each State/Territory (example in Supplementary Material 3).

6. Synthesizing data

We compared all region-based matrices to synthesize, categorize and visually represent

common follow-up pathways across Australia.

jurisdictions were also available across other states and territories, as well
as to fill gaps in service characteristics not provided in interviews. Finally,
we used synthesised member checking® to enhance data credibility and
validity by presenting draft findings to a selection of national participants
(n=29) from each state and territory for feedback and further refinement.
These participants were the lead study partner investigators in each state/
territory (or nominated by these investigators) and had good knowledge of
care in their jurisdiction.

RESULTS

Of the 123 invited stakeholders, 52 participants took part in the
study (Table 2). Non-respondents were similar to respondents
across key characteristics such as clinical discipline, location, and
experience level. Forty-seven interviews were conducted: 43 via
Zoom or Microsoft Teams, and four via telephone. Additionally,
one participant provided brief written responses to the interview
questions. Most participants were women and worked in
metropolitan hospital-based settings, although regional, rural
and remote areas were proportionally well represented. At least
one participant was recruited from every Australian State as well
as the Northern Territory (Supplementary Material 4: map of
participant locations).

Our discussions with health service stakeholders across
Australia indicated that children with CHD mostly receive
neurodevelopmental follow-up by accessing a combination of
existing services across the primary to quaternary healthcare
spectrum rather than attending a dedicated cardiac follow-up
programme (Fig. 1, Table 3). Stakeholders perceived embedding
follow-up into existing health services in this manner to be an
appropriate way to overcome resourcing and geographical
challenges. The services and providers identified in our study
can be categorised into three groups supporting follow-up:
those which provide ongoing surveillance and screening across
childhood (sometimes with assessment); services which provide
targeted developmental assessment and identification (but do
not provide ongoing follow-up); and services which provide
early intervention and other supports. The availability of these
services, and how families access them, varies across the
country.

Neurodevelopmental follow-up care for children with CHD in
Australia therefore occurs largely though organisationally dis-
persed pathways, as opposed to programmes delivered by a
single healthcare organisation. Structured follow-up programmes
that do exist are not exclusively for children with CHD, but rather
encompass a broader surgical or high-risk cohort. Participants also

SPRINGER NATURE

reported that each child follows a unique pathway based on their
geographical location, medical and developmental needs, care
preferences, and financial resources. Children do not always move
linearly through these pathways, with referrals made between
services and across levels of follow-up throughout their journey.
However, the lack of formal structures to underpin and coordinate
these care pathways for both services and families was a key
concern for many of those interviewed. Participants in all states
expressed that the lack of systematic follow-up could result in
children without obvious developmental concerns at the outset
failing to be identified for timely assessment and intervention.

“l feel that CHD—it's disorganised—it's not organised, not
standardised.” [P46, Paediatrician, New South Wales]

“I think these kids come—they're like—we deal with it case by
case” [P29, Physiotherapist, Northern Territory]

Services providing ongoing follow-up

Participants identified a range of services, in community and in
hospitals, which were able to provide ongoing surveillance and
developmental screening for children with CHD (Fig. 1a).

Community child health services and general practitioners. Every
state and territory in Australia has a primary care pathway formally
embedded in the community which is used for regular ongoing
developmental surveillance of all children. This includes free,
accessible child and family services led primarily by nurses for
those 0-5 years old, as well as locally based general practitioners
(GPs) who can provide additional surveillance beyond early
childhood. First Nations children can also access culturally
appropriate and community-controlled versions of these services.
Follow-up record keeping is embedded in a child’s personal health
record, a physical book remaining with the family to provide
centralised documentation of their interactions across a variety of
services in the first years of life. The personal health record has a
focus on general developmental surveillance and health monitor-
ing at standardised touchpoints. Formal developmental assess-
ment is generally not undertaken but referrals can be made for
assessment elsewhere if required. In some regions, participants
reported the inclusion of developmental screening with standar-
dised instruments such as the Parents’ Evaluation of Development
Status (Queensland and Victoria), Ages and Stages Questionnaire
(Northern Territory and Queensland) or “Learn the Signs. Act Early”
milestones check (New South Wales). While the timing of follow-
up varies across jurisdictions, regular touchpoints occur from two
weeks old to pre-school age.

Pediatric Research (2025) 98:966 — 975



Table 2. Characteristics of interviewed participants (n = 52).
Demographic characteristic Frequency (%)
Gender
Women 39 (75)
Men 13 (25)
Clinical Discipline or Role
Neonatologist 8 (16)
General Paediatrician 7 (13)
Clinical Nurse Consultant 6 (12)
Developmental Paediatrician 5 (10)
Occupational Therapist 5 (10)
Physiotherapist 4 (8)
Speech Pathologist 4 (8)
Paediatric Cardiologist 4(8)
Psychologist 3 (6)
Social Worker 24
General Practitioner 1)
Neuropsychologist 1(2)
Other (hospital executive, disability manager) 2 (4)
Organisational Role
Healthcare provider 26 (50)
Senior healthcare provider (programme, team, 19 (37)
or clinical lead)
Executive or medical director 7 (13)
Service Setting
Hospital 41 (81)
Community 11 (19)
Service Location?
Metropolitan area 32 (62)
Regional centre 15 (29)
Rural area 2 (4)
Remote communities 1)
State-wide 2 (4)
State or Territory
Queensland 15 (29)
New South Wales 10 (19)
Northern Territory 9(17)
Victoria 6 (12)
Western Australia 6 (12)
Tasmania 4 (8)
South Australia 2 (4)
Total 52

Classified using the Modified Monash Model.

While community-based child health services and GPs do not
exclusively follow-up children with CHD, many of those inter-
viewed felt they were well placed to support foundational
developmental surveillance and screening of these children,
particularly those without any identified issues at the outset.

“Children that are low risk...are encouraged to continue
screening with maternal and child health nurses and to raise
concerns with them or GP should they arise.” [P45, Physiothera-
pist, Victoria]

“There’s a lot of time and a lot of support within that
relationship with the maternal child health nurse.” [P26, Paedia-
trician, Northern Territory]

Pediatric Research (2025) 98:966 — 975
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Participants also raised several perceived challenges with this
model. Namely, that families are often responsible for remember-
ing and organising a child’s follow-up, and that there may be
limited collaboration between the surgical centre and community
health services. Additionally, follow-up processes were reported to
vary widely, as too the knowledge of community providers about
the impact of CHD on development.

“When referring children out to community services, we have
no control over how long or when they may be seen, it is up to
each individual service. Some may only be seen once for a screen,
some will be followed through closer over time. We also don't
have any control over what assessments may be used.” [P45,
Physiotherapist, Victorial

Several of those interviewed who worked in regions with large
populations of First Nations’ children also perceived inequities
between mainstream child health services and those which
catered exclusively for this cohort. Finally, few study participants
identified general practitioners as part of the pathway for regular
developmental follow-up in Australia, however the presence of
local champions was noted in interviews from participants in
Queensland.

“Any child | see for any routine immunisation, I'm assessing their
growth and development as just routinely a part of that.” [P4, GP,
Queensland]

General paediatrics clinics. Regular follow-up and review in
general paediatrician outpatient clinics was reported by partici-
pants in all jurisdictions as being a common pathway for
delivering neurodevelopmental follow-up of children aged 0-18
years with CHD in Australia. This is because in many states children
with CHD are linked with a paediatrician on hospital discharge and
monitoring neurodevelopmental delay is part of standard
paediatrician care. Additionally, families are often able to form
long-term relationships with paediatricians, placing these health
providers in a key position to provide oversight for ongoing
developmental follow-up.

“I try and make sure | keep following these kids up over time.
And so, | usually try and check in with them. | have a sort of system
of following them up ... even if they seem well, | try and catch up
with them at least annually until they get to school... So, it's a
long-term relationship that you build with the family.” [P22,
Paediatrician, Northern Territory]

While some of these clinics are delivered centrally at surgical
centres, participants reported a large number to be delivered at
smaller hospitals and sites in the community, including regular
outreach to rural and remote areas. For this reason, paediatrician
clinics were some of the most commonly reported follow-up
pathways for regional centres of Queensland, Northern Territory,
Western Australia, and Tasmania.

Despite being an important part of the pathway, the role of
paediatric clinics in cardiac neurodevelopmental follow-up is not
formalised, and processes lack standardisation across clinics and
jurisdictions. For example, participants reported that the fre-
quency of follow-up and timing of discharge is often based on the
clinician’s discretion. Developmental reviews were reported to be
embedded in general paediatric follow-up appointments with
clinical expertise more often used for assessment compared to
developmental screening measures.

“There’s over 20 paediatricians [in the region] and mostly, we do
the same kind of work and follow the same kind of process, but
potentially, 20 different children could have 20 different assess-
ments or follow-ups that are just | suppose, beholden on that
clinician’s individual experience and thought processes.” [P31,
Paediatrician, Northern Territory]

Some paediatricians were also known among their colleagues
as having a special interest in children with CHD and conse-
quently, their clinics were seen as key drivers of referral and
follow-up in that region.
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1a. Services providing ongoing developmental surveillance and screening (+ developmental review or assessment)

GPs Child health Aboriginal and Torres Strait Pediatrician outpatient Cardiology-led, partnered Neonatal follow-up
services Islander health services clinics and pathways programs*
SV+SC
L2lEeY L_S_VES_C__I L____;S‘Li_sg_____l L___EV’_DEi_SE____l L__fv;s_cil\iDé___J L e — ,VLDé____J
/\ Community-based, close to home A
ﬁ Community-based, close to home Hospital-based, centralised care ﬁ
! - |

‘ 1b. One-off or time-limited services providing developmental assessment and diagnosis (+ therapies)

Fee-for-service allied health
providers

Disability support
organisation

Child development units
and services

Pediatric developmental
assessment clinics

Hospital-based allied
health clinics

DA + therapy | MDA =+ therapy |

ﬂ Community-based, close to home

!

1c. Services providing access to supports, therapies, and interventions

MDA =+ therapy

MDA =+ therapy

/S
Hospital-based, centralised care m

'

Fee-for-service allied health providers offering early
intervention, including those accessed via the National
Disability and Insurance Scheme*

Pediatricians, allied health, GPs and early education partners offering free
holistic community-based supports e.g playgroups, service navigation

&

Community-based, close to home

GP: general practitioner, SV: service offers surveillance, SC: service offers screening with tool, DR: service offers developmental review without standardised assessment tools, MDA:
service offers multidisciplinary developmental assessment using recognised tools, DA: service offers developmental assessment using recognised tool(s), +: this is not offered by all
services in all regions, *: not all children with CHD are eligible for these services, — : referral pathways across services and community/ hospital-based care

Fig. 1
congenital heart disease in Australia.

Cardiology led or embedded services. At hospitals in Sydney,
Brisbane, and Melbourne, we identified neurodevelopmental and
psychological services led by cardiology units, often in partnership
with other healthcare providers. These were each very different,
comprising a cardiac psychology programme, developmental
screening embedded within cardiology review, and a
community-based follow-up pathway including developmental
screening with primary care services. Table 4 provides descriptions
of how these services are operationalised in each setting. The
cardiac psychology programme in Sydney was reported to work in
partnership with the neonatal surgical follow-up programme
based in the same health service (Grace Centre for Newborn Care,
see Supplementary Material 5) to expand the eligible cohort of
that programme, as well as provide additional types of services
and therapies. While cardiology services in other regions likely
play a role in developmental surveillance of children with CHD,
participants did not report any others using similar formalised
processes or embedded pathways. Rather, follow-up was more ad
hoc and reliant on individual cardiology providers.

“It is reliant on cardiologists and cardiac nurses identifying the
need for that additional [developmental] input rather than having
a structured programme that just kicks in automatically and
supports those kids and families.” [P39, Paediatric Cardiologist,
South Australial

Neonatal follow-up programmes. Participants identified four
major hospital centres which have eligibility criteria within
established neonatal follow-up programmes to allow additional
inclusion of some high-risk children with CHD. For example,
programmes based at hospitals in Western Australia, Tasmania
and New South Wales enrol all children with CHD who have
surgery or intervention in the first three months of life. In Darwin,
enrolment of children with CHD in neonatal follow-up occurs on
ad hoc basis, although plans are in place to formalise this process.

“So, we've come up with a criteria that if they've [children with
CHD] undergone major cardiac surgeries in the first three months

SPRINGER NATURE

Graphical representation of the types of services and pathways providing neurodevelopmental follow-up care for children with

of life...we would be happy to link them in our developmental
follow-up programme.” [P1, Neonatologist, WA]

Children with CHD undergoing follow-up in these programmes
were reported to receive regular medical and developmental
assessment from a multidisciplinary team, including the use of
formal assessment measures (e.g., Bayley Scales of Infant and
Toddler Development). However, most of these clinics did not
routinely offer follow-up beyond four years of age. Given that
neonatal follow-up programmes were reported to have a state-
wide remit and usually incorporated systematic referral and
enrolment of children from within the hospital, they are well
placed to capture the cohort of children with CHD who would be
eligible for these services. However, they also require families to
travel to the hospital to receive care, although both postal
questionnaires and telehealth were reported to be used
occasionally at timepoints where formal assessment may not be
needed. Detailed characteristics of these programmes are
provided in Supplementary Material 5.

Services providing targeted or time-limited follow-up
Interviews highlighted an additional group of services within
follow-up pathways that were responsible for formal evaluation
and identification of concerns for children with CHD (Fig. 1b). The
majority of these services were located in the community.

Child development and assessment units. Publicly funded child
development services/units featured predominantly in our discus-
sions with healthcare professionals when considering follow-up
pathways for children with CHD in Australia. These types of
services do not provide ongoing surveillance for children, as
referrals are only accepted once developmental concerns have
been identified. However, they were considered by participants to
play an important role in the formal assessment, identification,
and diagnosis of developmental delays and disorders in this
cohort. Additionally, interaction with child development services is
a necessary step for many children to access intervention and
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Table 3.

Quote

“To be honest, there’s not a lot. There’s not a set pathway that’s for sure. | think the hospital probably

Quotes from stakeholders describing a lack of structured cardiac neurodevelopmental follow-up in Australia.

Participant Location

Clinical Psychologist Victoria

uses a combination of referrals to a general paediatrician and a kind of a neurodevelopmental clinic in

cardiology.”

“We don't have a dedicated or separate cardiac model [for developmental follow-up]. So, we access

general services here for those purposes.”

“There’s actually no real structured neurodevelopmental follow-up, other than if that’s recommended by

us for them to go see a paediatrician.”

“Not at this stage, we don't have a specific pathway, or any specific clinic set up for them [children with

Paediatric Cardiologist South Australia

Paediatric Cardiologist Western Australia

Speech Pathologist Northern Territory

CHD]J. So, there’s no pathway, really structured pathway. | think we probably couldn’t say we have a

model of care. | don't think we do.”

support. Aside from referral prioritisation in some regions, these
child development units were not reported to deliver specialised
care pathways or services for children with CHD.

“There isn't a pathway between our cardiac surgery and
cardiology services into our developmental service. So really, it's
fairly ad hoc and for a specific question ...or behavioural
concerns.” [P8, Developmental Paediatrician, Victoria]

Child development services are mostly delivered face-to-face in
community settings, providing care closer to home for families. In
Queensland, participants also described a recently established
virtual model of child development whereby clinicians in regional
areas can partner with an experienced centralised team via
telehealth.

Services are usually staffed by a multidisciplinary team of health
providers including paediatricians, nurses, and a range of allied
health professionals. This enables them to provide a comprehen-
sive  multidisciplinary developmental assessment considering
functional outcomes and formal diagnoses. Very few of these
services are able to provide intervention or therapy, but all
support planning and referral for families to access these as
required.

“The bulk of our work around child development is we
understand where the child’s development is at this point in
time. We help the family understand what that looks like and help
them to advocate [for intervention and support].” [P25, Speech
Pathologist, Queensland]

Hospital-based paediatric developmental assessment clinics. Parti-
cipants reported centralised hospital-based developmental assess-
ment clinics to be mostly reserved for children with complex or
chronic conditions due to capacity issues. These are generally
staffed by developmental paediatricians with or without allied
health input. Processes include triage, intake, family education,
formal assessment, and referral to other services and intervention
as needed. Once again, children are not systematically referred for
developmental follow-up, only after identified concerns. Our
research suggests this part of the follow-up pathway serves only
a small proportion of children with CHD.

Hospital-based allied health clinics. A small proportion of children
with CHD were reported to be referred to hospital-based allied
health clinics where they may be receiving care or follow-up for
specific concerns (e.g. feeding issues). During their time with these
services, they often receive screening or assessment, although it is
not often multidisciplinary. Reported examples include a speech
pathology clinic in Perth which provides regular communication
screening and a psychology clinic in Melbourne, where children
with developmental concerns can receive a mental health and
developmental assessment. Additionally, a physiotherapy clinic in
Perth performs standardised gross motor assessment for children
with CHD. However, children only stay with these services for
defined period, limiting their ability to provide ongoing surveil-
lance and screening.
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Private community providers. In each state and territory, partici-
pants reported a range of community-based providers which offer
formal developmental assessment and diagnosis for children
outside the public health system. These are generally fee-for-
service clinics led by developmental paediatricians, psychologists,
or psychiatrists. While families do have to pay out of pocket costs for
these services, wait times are generally shorter. Many also provide
therapy or intervention for children with identified concerns. While
participants in our interviews acknowledged the importance of
being able to access private providers as part of cardiac
developmental follow-up pathways, it is unclear what proportion
of follow-up is currently undertaken in the private system.

Services providing intervention, including therapy or other
support

Participants expressed that all services and providers across the
follow-up pathway have an explicit focus on supporting families to
access the most appropriate service to support their needs.
Children with CHD are referred for early intervention and/or other
ongoing support depending on their developmental status,
diagnosis, needs and preferences (Fig. 1¢). Within Australia, the
type of intervention or support service children can access is also
dependant on age and funding eligibility.

Participants reported intervention and therapies for children to
be provided by a range of allied health clinicians such as speech
therapists, occupational therapists, psychologists, and social
workers. Many children with CHD and developmental delay
access intervention services via this part of the pathway. These
providers are almost always based in the community and charge a
fee for service unless the child is accessing services via the
National Disability Insurance Scheme (NDIS). The NDIS is a
government funded service to support the costs associated with
disability. While CHD alone is not a qualifying criterion, the NDIS
does have a criterion for functional developmental delay which
can be met by children up to six years of age without evidence of
permanent lifelong disability. Once deemed eligible for this
scheme, children can access a variety of allied health supports
at no cost. Consequently, for a proportion of children with CHD,
particularly those with early identified delays, qualifying for the
NDIS is an important part of the follow-up pathway in Australia.

Aside from early intervention and therapies, families can also
access holistic supports in the community under a nationwide
network of paediatrician, allied health, GP, and early education
partners. These include free developmental playgroups, child
health and development workshops, holistic family support,
service navigation, and day care assistance for children up to 8
years old. Several participants highlighted these supports as an
important supplementary pathway to support children with CHD
who have milder developmental concerns or do not qualify for the
NDIS, as families can self-refer, and a formal diagnosis is not
required.

“Yeah, | think it's fantastic. And | think a lot of those
foundational pieces, | think are always overlooked and it's easier
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Table 4. Characteristics of neurodevelopmental follow-up care provided by cardiology services.
State Victoria New South Wales Queensland
Name of pathway/ Cardiology outpatient clinic Cardiac psychology service Congenital Heart Disease Long-term
service Improvements in Functional Health
(CHD LIFE) pathway
Where is it based? Royal Children’s Hospital, Melbourne Embedded in the Sydney Children’s Hospitals Queensland Children’s Hospital,
Network (SCHN) Heart Centre for Children, Brisbane, with care delivered across the
Sydney state
Which clinical service Cardiology Cardiac Psychology Cardiology and allied health
leads it?
What is it? Developmental screening embedded Cardiac psychology service works in State-wide follow-up pathway in
into Cardiology review: “When they come partnership with the Grace Centre for partnership with health services and
to clinic there is a trigger in our electronic Newborn Care (neonatal unit in same hospital primary care: “It’s a primary surveillance
record that generates the survey and the network - see Supplementary Material 5%) to model with referral on if there are
parents fill it out, and then we score it and provide neurodevelopmental evaluation and difficulties detected to a more specialised
then either act on those scores or refer them care, and comprehensive psychological service, like a multidisciplinary integrated
to our team for follow up after that.” [P36, services across the medical trajectory child development service” [P23,
Paediatric Cardiologist] (including screening, assessment, intervention, Paediatrician]. Focus on providing
and treatment) “We provide a range of different families with education and
kinds of services. So psychological screening, empowerment to access follow-up
assessment, a range of different therapies - support independently.
whether that be for the baby, child, adolescent or
adult heart disease, their parents or caregivers,
their siblings, their grandparents, the family as a
whole.” [P14, Psychologist]
Which babies/children All children returning for Cardiology All children with paediatric or congenital heart All children with CHD who have surgery
are eligible? follow-up. disease and their families can access at the hospital in the first year of life.
psychological support and mental healthcare. State-wide remit.
Children with CHD who have undergone
cardiac surgery before age 12-months can
access neurodevelopmental evaluation via the
cardiac psychology service. The specific cohort
of children with CHD who are admitted to the
NICU after neonatal surgery are systematically
enroled and followed-up at regular intervals in
the Grace Centre’s Development Clinic
(Supplementary Material 5). State-wide remit.
How does follow-up Systematically embedded in standard Psychology service systematically contacts all Systematic referral of children onto
care commence? Cardiology follow-up for all children with eligible families to offer evaluation and pathway. Hospital-based allied health
CHD. services. Accepts referrals from a wide range of team refer on to community services for
sources including medical specialists, parents, regular surveillance and screening, and
nurses, and allied health professionals. Do not assessment and intervention as
need a previous admission at the hospital to indicated. Medical team refer to
be eligible. paediatricians. Consenting families
entered into pathway database.
How is service Centralised at hospital. In-person. Centralised at hospital. In-person services. Decentralised, care close to home. In-
delivery structured? Telehealth may also be offered, depending on person. Some services use telehealth.
the nature of the referral, clinical presentation,
and therapies needed.
Who delivers follow- Cardiologist and physiotherapist Psychologists in collaboration with a Various, with a focus on primary health
up? multidisciplinary team. care providers (child health nurse, GPs,
aboriginal health workers, allied health)
What are the follow- Developmental survey (Ages and Stages) Psychological screening, assessment, and a Family education and awareness about
up procedures and triggered in electronic medical record at range of therapies for infants to adults. The follow-up before discharge. Regular
measures used? specific Cardiology reviews. Survey Grace Centre’s Development Clinic provides developmental surveillance and
completed by parent and collated and multidisciplinary developmental and medical screening in community/primary health
reviewed by physiotherapist. Referrals to assessment for the eligible cohort (see care encouraged using Ages and Stages
GP or for formal assessment in Supplementary Material 5). Questionnaire. Refer on for formal
community as needed. assessment or intervention as needed.
Follow-up can look different across the
state but principles are the same:
“There’s a referral pathway which takes
them back to those local hospital and
health services to follow up. But then how'’s
that executed on the ground is variable”
[P17, Executive Director].
When is follow-up is Survey flagged at 12 months, 2 years, Cardiac psychology services can be provided Surveillance and screening at 6 months,
provided? and pre-school age from pre-natal diagnosis to age 18 years. No 12 months, 18 months, 2.5-3.5 years, 4-5
age restrictions for caregivers. The Grace years, 11-12 years, and 15 years as a
Development Clinic sees children regularly to minimum.
3 years of age.
Additional Both clinics are funded through combination Involves capacity building and
information of health service, research grants, and education of community providers
philanthropy contributions
*relevant information about how Grace Centre for Newborn Care works together with the cardiac psychology service is presented here, while more detailed
information is presented in the Supplementary Material with the other neonatal programmes.
CHD congenital heart disease, GPs general practitioner, NICU Neonatal Intensive Care Unit, PEDS Parents’ Evaluation of Developmental Status.
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to step towards more of the intervention approach.” [P28,
Paediatrician, Northern Territory]

DISCUSSION

Our national interview study of healthcare professionals revealed
that neurodevelopmental follow-up care for children with CHD in
Australia is primarily delivered as pathways through existing
services rather than standalone centre-based cardiac follow-up
programmes. Predominantly, follow-up care is shared across
services best equipped to deliver each component, with
community-based primary care services, paediatric clinics, child
development services, and allied health providers the most
commonly reported touchpoints for follow-up of children across
the country. Pathways through these services can provide families
with all necessary components of cardiac developmental follow-
up care. Notably however, as management of health services falls
under different jurisdictional governance, the contribution of each
type of service to follow-up pathways varies across the country.
Additionally, there was a consistent view among participants that
systematic coordination of care pathways and greater structure
both within and across jurisdictions is likely required to
optimise care.

Australia’s pathways of cardiac neurodevelopmental follow-up
care differ from the predominance of cardiology-led, hospital-
based models of care reported in international literature. Surveys
have estimated that almost 70% of US-based cardiology services
have access to CHD specific, hospital-based neurodevelopmental
follow-up programmes.®3*3* Likewise, similar programmes are
available at 40-50% of surgical centres in Canada and Europe.'®""
The contrast observed in our study was not an unexpected
finding, as geographical, financial, health system, and capacity
constraints have previously been highlighted as key challenges to
implementing centralised follow-up care programmes in the
Australian context.'>*> Research from Canada and the United
Kingdom has also highlighted concerns about the resourcing
implications and viability of adopting centralised models in their
healthcare contexts.'®'® Consequently, our study identifies alter-
nate options for care delivery and how follow-up processes can be
adapted to meet local needs and contexts.

Despite the limited number of cardiac specific programmes and
services, all Australian jurisdictions recognise the importance of
neurodevelopmental care, and have tried to incorporate other
approaches to follow-up. For example, a proportion of children
with CHD access formalised follow-up via neonatal programmes.
This embedded and integrated approach has also been adopted
in numerous services in the US> Canada'® and Switzerland.®
Expanding access to these types of established programmes in
Australia provides one option for more formalised follow-up of
infants and younger children with CHD whose families have a
preference and capacity to visit tertiary and quaternary centres
for care.

Additionally, interviews only identified one Australian centre
which has systematically incorporated developmental surveillance
into regular cardiology review, yet 75% of cardiologists surveyed
in South Africa routinely perform developmental surveillance and
screen with standardised measures.'® This practice is also
common for US and Canadian based cardiology services without
access to a formal follow-up programmes®'® Moreover, an
increase in developmental referral numbers with standardised
and systematic surveillance during cardiology appointments has
been observed.>” Given that children with CHD in Australia
regularly visit cardiologists at both tertiary and more locally-based
hospitals, increasing developmental surveillance within cardiology
services could be considered a key strategy for improving
neurodevelopmental follow-up. If processes and measures are
agreed at a national level, it would represent a valuable
opportunity for better care standardisation across the country.
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Further investigation of the feasibility and acceptability of this
approach is needed, including its application to outreach, and
privately operated cardiology clinics.

In addition to these specialist-based services, our research has
also highlighted the key role that paediatric clinics and the
primary care system play in the neurodevelopmental follow-up of
children with CHD in Australia. These providers are well placed to
care for this cohort due to their accessibility, regular interactions
with families, knowledge of local services, and high frequency of
developmental screening in their practice.”®*® The belief that
primary care physicians and paediatricians are well-suited to
undertake developmental surveillance, screening, and referral is
frequently reported in international literature.'®**324% However,
the importance of these services in providing foundational
support to cardiac neurodevelopmental follow-up care models
has received insufficient recognition. Moreover, research suggests
that primary care providers are not adequately supported with
guidance or communication from cardiologists, particularly about
specific developmental concerns of children with CHD under their
care?341 Additionally, formal neurodevelopmental assessment
measures are less frequently used within this setting’>*? and
referrals for additional evaluation are much more reactive to
concerns, rather than proactive as recommended in AHA guide-
lines.">3® If primary care services are to fulfil their potential in
supporting the developmental follow-up of children with CHD,
increased developmental training opportunities and collaboration
with cardiology services are likely required.

Alignment with best practice and future directions

The recently published Australian National Standards of Care for
Childhood-onset Heart Disease provide a blueprint for Australian
paediatric cardiac services to inform care delivery that maximises
the health and wellbeing of individuals living with CHD and their
families in the unique Australian environment.” Informed by
existing recommendations,®**** the standards support the need
for a whole-of-life approach to neurodevelopmental and neuro-
cognitive care. This includes the need for universal access to
standardised developmental screening, and ongoing formal
developmental and medical evaluation for all children at high-
risk of developmental delays/disorders, with access to evidence-
based interventions, services, and supports. Coordinated models
of care that include primary care, specialist, and family partner-
ships are essential for optimal care delivery.

Participants in all jurisdictions recognised the importance of
providing long-term developmental follow-up for children with
CHD, using the varied but sometimes limited resources available
in each centre. However, this study highlights that recommenda-
tions in the Standards are currently not routinely delivered, with
barriers to this in the Australian context previously reported.'**'
Furthermore, the main concerns raised by participants related to
improving the consistency and continuity of care while also
ensuring all eligible children are captured. Future approaches to
improve neurodevelopmental follow-up care in Australia will
benefit from integrating, leveraging, and growing existing
services, although adopting new models may also be needed.
Additionally, clarification of roles and responsibilities for services
and providers, along with more systematic and structured
processes for moving through care pathways is required. These
will be important considerations which inform the development of
clinical guidelines, workforce requirements, and infrastructure
planning.

Strengths and limitations

This was a national study with a large and diverse sample of
health service participants, facilitating collection of a comprehen-
sive range of perspectives about cardiac neurodevelopmental care
services from across the country. However, despite repeated
recruitment attempts, only a small number of the participants
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were GPs and cardiologists. Therefore, the views of these
professionals may not be as prominent as others in the findings.
While the response rate across all those invited was only 42%, this
is similar to health professional response rates in other qualitative
studies conducted online.** As invitations were made by study
partners in each jurisdiction it was not clear if those invited
refused participation, or simply could not be contacted, making it
harder to examine this potential limitation further. As the aim with
recruitment was to cast a broad invitation across a range of
relevant stakeholders rather than target groups familiar with the
investigator team, our response rate is somewhat expected, and
characteristics of non-responders did not different from study
participants.

Importantly, the qualitative design did not just capture what
services were offered but also allowed an in-depth exploration of
other considerations such as their suitability or key challenges.
However, it could be argued that using a qualitative design to
perform service mapping may have limited the list of follow-up
services in our study to those within the knowledge of those
interviewed. To address this concern, we supplemented interview
data with web-based searches in the late analysis stages to confirm
the presence or absence of follow-up services in each region.
Nevertheless, other less frequently used services may exist on
national care pathways. Finally, the attainment of data saturation,
and use of transcripts, verbatim quotes, clinician team members,
and member checking strengthened the rigour of our findings.

DATA AVAILABILITY

Data are not publicly available due to information that could compromise the privacy
of research participants if published. However, excerpts of the transcripts relevant to
the study that support the findings are available on request from the corresponding
author.

REFERENCES

1. Huisenga, D., La Bastide-Van Gemert, S., Van Bergen, A., Sweeney, J. & Hadders-
Algra, M. Developmental outcomes after early surgery for complex congenital
heart disease: A systematic review and meta-analysis. Dev. Med. Child Neurol. 63,
29-46 (2021).

2. Mussatto, K. A. et al. Risk and prevalence of developmental delay in young
children with congenital heart disease. Pediatrics 133, e570-e577 (2014).

3. Marelli, A, Miller, S. P., Marino, B. S., Jefferson, A. L. & Newburger, J. W. Brain in
congenital heart disease across the lifespan: The cumulative burden of injury.
Circulation 133, 1951-1962 (2016).

4. Cassidy, A. R. et al. Neurodevelopmental and psychosocial interventions for
individuals with Chd: A research agenda and recommendations from the cardiac
neurodevelopmental outcome collaborative. Cardiol. Young-. 31, 888-899 (2021).

5. Sood, E. et al. Neurodevelopmental outcomes for individuals with congenital
heart disease: Updates in neuroprotection, risk-stratification, evaluation, and
management: A scientific statement from the American Heart Association. Cir-
culation 149, e997-e1022 (2024).

6. Ware, J. et al. Neurodevelopmental Evaluation Strategies for Children with Con-
genital Heart Disease Aged Birth through 5 Years: Recommendations from the
Cardiac Neurodevelopmental Outcome Collaborative. Cardiol. Young-. 30,
1609-1622 (2020).

7. Sholler, G. F. et al. Australian National Standards of Care for Childhood-onset
Heart Disease (CoHD Standards). 1st Edition Heart Lung Circ. 33, 153-196 (2024).

8. Basile, N. L., Kirschman, K. J. B. & Dempster, N. R. Psychosocial, neurodevelop-
mental, and transition of care practices provided to children with Chd across
North American Cardiac Clinics. Cardiol. Young-. 33, 235-241 (2023).

9. Miller, T. A. et al. Variations in practice in cardiac neurodevelopmental follow-up
programs. Cardiol. Young-. 30, 1603-1608 (2020).

10. Bolduc, M-E.,, Rennick, J. E, Gagnon, |, Majnemer, A. & Brossard-Racine, M. Canadian
developmental follow-up practices in children with congenital heart defects: A
National environmental scan. CJC Pediatr. Congenit. Heart Dis. 1, 3-10 (2022).

11. Feldmann, M. et al. Neuromonitoring, neuroimaging, and neurodevelopmental
follow-up practices in neonatal congenital heart disease: A European survey.
Pediatr. Res. 93, 168-175 (2023).

12. Abell, B. R. et al. Implementing neurodevelopmental follow-up care for children
with congenital heart disease: A scoping review with evidence mapping. Devel-
opmental Med. Child Neurol. 66, 161-175 (2024).

SPRINGER NATURE

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

. Smith, R. et al. Neurodevelopmental evaluation and referral practices in children

with congenital heart disease in central South Africa. SA Heart 16, 324-332
(2019).

. Hoskote, A. et al. Neurodevelopmental status and follow-up in preschool children

with heart disease in London, UK. Arch. Dis. Child 106, 263-271 (2021).

. Eagleson, K. et al. Congenital heart disease long-term improvement in functional

health (Chd Life): A partnership programme to improve the long-term functional
health of children with congenital heart disease in Queensland. J. Paediatr. Child
Health 56, 1003-1009 (2020).

. Domanski, O. et al. Initiation of a systematic screening for neurodevelopmental

disorder program for infants with congenital heart disease. Arch. Cardiovascular
Dis. Suppl. 14, 243 (2022).

. Bolduc, M. E. et al. Navigating the healthcare system with my child with Chd:

Parental perspectives on developmental follow-up practices. Cardiol Young 34,
37-43 (2024).

. Mitteregger, E. et al. Parental experience of the neuromotor development of

children with congenital heart disease: An exploratory qualitative study. BMC
Pediatr. 21, 1-13 (2021).

. Sujata, S. et al. The impact of decentralisation on health systems: A systematic

review of reviews. BMJ Glob. Health 8, e013317 (2023).

Auld, B. C,, Abell, B., Venugopal, P. S. & McPhail, S. Geographical challenges and
inequity of healthcare access for high-risk paediatric heart disease. Int. J. Equity
Health 22, 229 (2023).

Loccoh, E. C. et al. Prevalence and risk factors associated with non-attendance in
neurodevelopmental follow-up clinic among infants with Chd. Cardiol. Young-.
28, 554-560 (2018).

Ortinau, C. M. et al. Factors associated with attendance for cardiac neurodeve-
lopmental evaluation. Pediatrics 152, 2022060995 (2023).

Kasparian, N. A, Winlaw, D. S. & Sholler, G. F. Congenital heart health”: How
psychological care can make a difference. Med. J. Aust. 205, 104-107 (2016).
Gibson, N. et al. Evaluating a developmental risk screening service for babies and
young children with congenital heart disease following cardiac surgery.
Progr. Pediatr. Cardiol. 101717 https://doi.org/10.1016/j.ppedcard.2024.101717
(2024).

Hunter, D., McCallum, J. & Howes, D. Defining exploratory-descriptive qualitative
(Edq) research and considering its application to healthcare. J. Nurs. Health Care
4,1 (2019).

Tong, A, Sainsbury, P. & Craig, J. Consolidated criteria for reporting qualitative
research (Coreq): A 32-item checklist for interviews and focus groups. Int. J. Qual.
Health Care 19, 349-357 (2007).

Palinkas, L. A. et al. Purposeful sampling for qualitative data collection and
analysis in mixed method implementation research. Adm. Policy Ment. Health
Ment. Health Serv. Res. 42, 533-544 (2015).

Saunders, B. et al. Saturation in qualitative research: Exploring its con-
ceptualization and operationalization. Qual. Quant. 52, 1893-1907 (2018).
Hamilton, A. Qualitative methods in rapid turn-around health services research.
Powerpoint Present 2013 Va Hsrd Cyberseminar Spotlight Womens Health., <https://
www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/780-
notes.pdf> (2013).

Averill, J. B. Matrix analysis as a complementary analytic strategy in qualitative
inquiry. Qualitat. Health Res. 12, 855-866 (2002).

Roberta, H. & Dorothy, F. Understanding triangulation in research. Evid. Based
Nurs. 16, 98 (2013).

Birt, L., Scott, S., Cavers, D., Campbell, C. & Walter, F. Member checking: A tool to
enhance trustworthiness or merely a nod to validation? Qual. Health Res 26,
1802-1811 (2016).

Leon, R. L. et al. Practice variations for fetal and neonatal congenital heart disease
within the children’s hospitals neonatal consortium. Pediatr. Res. 93, 1728-1735
(2023).

Sidhu, S. K. et al. Paediatric cardiologist adherence to American Heart Association
neurodevelopmental recommendations for Chd Patients. Cardiol. Young-. 33,
590-596 (2023).

Long, S. H,, Eldridge, B. J,, Harris, S. R. & Cheung, M. M. Challenges in trying to
implement an early intervention program for infants with congenital heart dis-
ease. Pediatr. Phys. Ther. 27, 38-43 (2015).

Natterer, J. et al. Orchid (outcome registry for children with severe congenital
heart disease) a Swiss, nationwide, prospective, population-based, neurodeve-
lopmental paediatric patient registry: Framework, regulations and implementa-
tion. Swiss Med. Wkly. 152, w30217 (2022).

Hennrick, H. et al. Effects of Implementing a Standardized Surveillance Program
on Cardiac Neurodevelopmental Program Referral Completion. Pediatr Cardiol.
45, 821-828 (2023).

Knutson, S., Kelleman, M. S. & Kochilas, L. Implementation of developmental
screening guidelines for children with Congenital Heart disease. J. Pediatr. 176,
135 (2016).

Pediatric Research (2025) 98:966 — 975


https://doi.org/10.1016/j.ppedcard.2024.101717
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/780-notes.pdf
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/780-notes.pdf
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/780-notes.pdf

39. Hoskote, A, Wray, J., Banks, V., Brown, K. & Lakhanpaul, M. A referral pathway for
potentially abnormal neurodevelopment in children with Heart disease in the
United Kingdom: A Delphi consensus. BMJ Paediatrics Open 4, 000587 (2020).

40. Ortinau, C. M. et al. Optimizing neurodevelopmental outcomes in neonates with
congenital heart disease. Pediatrics 150, €2022056415L (2022).

41. Abell, B. et al. It's More Than Just a Conversation About the Heart” Exploring
barriers, enablers, and opportunities for improving the delivery and uptake of
cardiac neurodevelopmental follow-up care. Front. Pediatrics 12, 1364190 (2024).

42. Lipkin, P. H. et al. Trends in pediatricians’ developmental screening: 2002-2016.
Pediatrics 145, €20190851 (2020).

43. llardi, D. et al. Neurodevelopmental evaluation for school-age children with
congenital heart disease: Recommendations from the cardiac neurodevelop-
mental outcome collaborative. Cardiol. Young-. 30, 1623-1636 (2020).

44. Marino, B. S. et al. Neurodevelopmental outcomes in children with congenital
heart disease: Evaluation and management: A Scientific Statement from the
American Heart Association. Circulation 126, 1143-1172 (2012).

45. Meyer, V. M., Benjamens, S., EIl Moumni, M., Lange, J. F. & Pol, R. A. Global
overview of response rates in patient and health care professional surveys in
surgery: A systematic review. Ann. Surg. 275, e75-e81 (2022).

ACKNOWLEDGEMENTS

We would like to thank Jenna English for the countless hours she spent organising
ethical approvals for the study, as well as scheduling all of the stakeholder interviews.
Funding: Medical Research Future Fund Congenital Heart Disease Grant
(ARGCHDGO0035) 2020-2024.

AUTHOR CONTRIBUTIONS

Substantial contributions to conception and design, acquisition of data, or analysis
and interpretation of data (BA, DR, KE, BAu, RJ, SMM). Drafting the article or revising it
critically for important intellectual content (all authors). Final approval of the version
to be published (all authors).

COMPETING INTERESTS

The authors declare no competing interests.

Pediatric Research (2025) 98:966 — 975

B. Abell et al.

CONSENT STATEMENT
Consistent with our ethical approval, informed verbal consent was obtained from
every participant prior to starting each interview.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541390-024-03722-2.

Correspondence and requests for materials should be addressed to Bridget Abell.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

5Y Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

SPRINGER NATURE

975


https://doi.org/10.1038/s41390-024-03722-2
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Neurodevelopmental follow-up care pathways and processes for children with congenital heart disease in Australia
	Introduction
	Methods
	Design
	Sample and recruitment
	Data collection
	Data analysis

	Results
	Services providing ongoing follow-up
	Community child health services and general practitioners
	General paediatrics clinics
	Cardiology led or embedded services
	Neonatal follow-up programmes

	Services providing targeted or time-limited follow-up
	Child development and assessment units
	Hospital-based paediatric developmental assessment clinics
	Hospital-based allied health clinics
	Private community providers

	Services providing intervention, including therapy or other support

	Discussion
	Alignment with best practice and future directions
	Strengths and limitations

	References
	Acknowledgements
	Author contributions
	Competing interests
	Consent statement
	ADDITIONAL INFORMATION




