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Abstract

The Fontan Outcomes Network was created to improve outcomes for children and adults
with single ventricle CHD living with Fontan circulation. The network mission is to optimise
longevity and quality of life by improving physical health, neurodevelopmental outcomes,
resilience, and emotional health for these individuals and their families. This manuscript
describes the systematic design of this new learning health network, including the initial steps
in development of a national, lifespan registry, and pilot testing of data collection forms at
10 congenital heart centres.

The Fontan procedure has transformed the lives of many patients with single ventricle
physiology, allowing them the opportunity to survive with good quality of life.1 Since it
was first reported in 1971, indications for the operation have expanded, and iterative mod-
ifications have improved both early and late outcomes.2–5 As a result, greater numbers of
individuals with Fontan circulation are reaching adolescence and adulthood.6 However, a
variety of cardiac and extracardiac complications and co-morbidities have been recognised
which negatively impact physical and mental health, quality of life, and longevity.7–10 As
demonstrated for other chronic conditions, prevention or early recognition of morbidities,
along with standardised management strategies, may lead to better understanding of disease
mechanism, risk stratification, and development of targeted therapies.11–13 Currently, the
absence of identified best care practices and effective treatments to maintain circulatory per-
formance and optimise overall patient outcomes presents significant challenges for patients,
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clinicians, and health care systems.5 To optimise wellness and
overcome complications, scientists and care providers must work
together to better understand mechanistic origins of single ven-
tricle CHD and its co-morbidities and complications, the trajectory
of organ-specific health to predict the course of each patient over
time, and prevent and treat complications and co-morbidities to
optimise outcome.

Over the last two decades, there has been a shift in the focus of
care providers from primarily mortality reduction to preventing
long-term morbidity, improving neuropsychologic outcomes, and
achieving a high quality of life in children with CHD. In order to
accelerate discovery that was impossible through single-centre
research, collaboration among congenital heart centres has been
enhanced, with an emphasis on patient and family engagement,
quality improvement, and research.14–18 The learning health net-
work is a dynamic platform of multi-institutional collaboration
for quality improvement and research, which facilitates identifica-
tion of best clinical practices, rapid sharing of data to improve out-
comes, generation of new knowledge, and translation of research
into practice.19,20 For single ventricle infants, specifically those with
hypoplastic left heart syndrome, the National Pediatric Cardiology
Quality Improvement Collaborative has improved interstage
survival by 40% since 2009 using the learning health network
model.18 More recently using similar model, the Advanced Cardiac
Therapies Improving Outcomes Network has reduced stroke rates
from 30% to 12% in paediatric ventricular assist device patients.21

Further, both National Pediatric Cardiology Quality Improve-
ment Collaborative and Advanced Cardiac Therapies Improving
Outcomes Network are members of Cardiac Networks United, a
consortium of paediatric and congenital networks that aims to
accelerate learning and discovery through collaborative sharing
of data to maximise return on investment and sustainability
for organisations funding and participating in research and
quality improvement.15 These successes of the learning health
networks proves the effectiveness of this model and led our
group to embrace this model in order to improve outcomes in
Fontan patients. The Australian and New Zealand Fontan Registry,
also started in 2009, has successfully generated foundational
knowledge at the population level. In the United States, while
the Alliance for Adult Research in Congenital Cardiology and
the Pediatric Heart Network supported clinical trials and cross-
sectional studies of Fontan patients, and the American Heart
Association and American College of Cardiology sponsored
symposia and writing groups, a platform for broader collabora-
tion and collection of longitudinal lifespan data did not exist for
this population.

In August 2017, a systematic design process was launched to
create a learning health network to improve the long-term out-
comes of individuals with Fontan circulation across the nation.
The user-centred design process was initiated by key stakeholders –
patients, parents, clinicians, and researchers – who have actively
worked together to develop the Fontan Outcomes Network, with
design and project management support from the National
Pediatric Cardiology Quality Improvement Collaborative. Figure 1
summarises the different efforts to improve the outcomes in individ-
uals with Fontan that created the landscape for the Fontan Outcomes
Network formation and the momentum about multi-institutional
collaboration.

This manuscript describes the systematic design of the Fontan
Outcomes Network, including the initial steps in development
of the lifespan registry and pilot testing of the feasibility of data
collection at 10 Children’s hospitals.

Methods

Initial design process – defining the mission and vision

Since 2017, National Pediatric Cardiology Quality Improvement
Collaborative has supported multiple design meetings held dur-
ing Fontan-specific symposia, cardiology/cardiothoracic surgery
national meetings, and the National Pediatric Cardiology Quality
Improvement Collaborative semi-annual learning sessions. The
design process used previously described methods to successfully
develop learning health networks.19,22 The initial design meetings
identified the aim for Fontan Outcomes Network and defined a
mission and a vision statement. The Fontan Outcomes Network
vision is to dramatically improve the outcomes of individuals
with Fontan physiology. The Fontan Outcomes Networkmission
is to optimise the longevity and quality of life for individuals with
Fontan physiology and their families by improving their physical
health and functioning, neurodevelopment, and emotional health
and resilience. To accomplish these goals, a longitudinal lifespan
registry to include as many individuals with Fontan circulation
as possible was thought to be crucial. The registry will collect data
on the current status of this population, accelerate learning about
the short- and long-term morbidities, determine best practices in
monitoring, screening, and testing, and discover and disseminate
therapies for Fontan patients. As with the infant single ventricle
National Pediatric Cardiology Quality Improvement Collaborative
registry, monthly data reports on key metrics will be available to
address improvement opportunities as well as provide data to
address research questions. Key stakeholders including paediatric
cardiologists, cardiac surgeons, adult congenital heart specialists,
cardiac advanced practice providers, physicians with quality
improvement and collaborative science expertise, data scientists,
psychologists, social workers, and importantly, patients and fam-
ilies, were invited to these meetings to shape the Fontan Outcomes
Network. The formal mission, vision, and three workgroups were
established between January 2017 and April 2018.

Establishment of design workgroups to define outcome aims,
measures, and required registry data elements

Following the initial Fontan Outcomes Network meetings, work-
groups were established targeting three areas of focus: (1) physical
health and functioning, (2) neurodevelopment, and (3) resilience
and emotional health. Each workgroup was co-led by a patient or
family member and clinician experts. Each of the workgroups
developed key driver diagrams, following the Model for
Improvement,23 determining the aims, measures, and necessary
data elements to assess longitudinal outcomes aligned with each
team’s aims. The National Pediatric Cardiology Quality Improve-
ment Collaborative project management staff facilitated this sys-
tematic design process. The multidisciplinary workgroups met
between April 2018 and October 2019. The development of the
measures and data variables was iterative and based on published
research on important outcomes in each Fontan Outcomes
Network domain and expert consensus. Each team met monthly
to create and refine the data collection forms. The final data col-
lection forms consisted of 29 pages with 26 different subsec-
tions. A copy of the data collection forms can be found in the
supplement.

When designing the forms, the team was mindful to use vari-
ables that match data and definitions used in other registries when
possible to facilitate future data linkages. These registries included
the Society of Thoracic Surgeons, the Pediatric Acute Care
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Cardiology Collaborative, and the Pediatric Cardiac Critical Care
Consortium. Early on, the Australia New Zealand Registry collab-
oratively shared all of its data definitions, data dictionary, and
forms, which accelerated initial work.

Registry data collection pilot

The purpose of the data collection pilot study was to assess the fea-
sibility of the data collection process as well as the availability of
specific data elements across participating pilot centres. We
hypothesised that there would be wide variability of medical record
documentation between centres – even among those that provide
expert care to a large number of patients with Fontan circulation –
and that this would impact ease of completion of standardised
registry data forms.

Ten congenital heart centres with active participation in the
Fontan Outcomes Network workgroups agreed to test the data
collection forms for feasibility and usability. After reviewingmedi-
cal charts and completing the Fontan Outcomes Network data
collection forms for individual patients, team members from each
participating pilot site were asked to provide feedback about
the process using a survey developed by the Fontan Outcomes
Network leadership and data team. The survey included 76
multiple-choice and 67 open-ended questions about the forms
and the data collection process. The actual Fontan Outcomes
Network forms were not returned; no patient data were returned
with the survey. A copy of the survey can be found in the supplement.
Responses to the open-ended questions were analysed qualitatively to
extract insights. The responses were collapsed into categories.

This pilot data collection study was approved by the Institutional
Review Board at Cincinnati Children’s Hospital Medical Center. No
identifiable patient data were collected.

Results

Using standardised quality improvement methodology, each of
the three work groups created an overarching goal and outcome
measures to achieve this goal. This is summarised in Figure 2.

Nine programmes responded with a median number of four
sets of forms completed per programme, on a total of 33 patients.
The mean time reported to complete the form was 130 ± 70 (range
32–365) minutes. The forms were completed by a variety of provider
types including attending cardiologists, fellows-in-training, nurse
practitioners, nurses, and clinical research professionals, consistent
with the make-up of the clinical teams caring for this population.
Patients included in the pilot data extraction spanned a range of ages
with most being below the age of 5 years (35%) followed by indi-
viduals greater than 21 years of age (23%). Centres who reported
obtaining data on patients< 5 years of age had higher average
time of completing the forms compared to centres who did not
(161 ± 70 vs 67 ± 28 minutes, p= 0.02). The patients whose data
were extracted were categorised as “healthy Fontan patients” in
50% of cases, “new” Fontan patients (<1 year post-Fontan surgery)
in 19%, and “patients with a failing Fontan circulation” in 19%.

The following summary and opportunities for improvement
emerged from the data collection process:

1. All participants supported data collection as an important proc-
ess to populate the registry, start the improvement cycle, and
provide input for research for patients with Fontan. Since the
goal of Fontan Outcomes Network is to improve the physical
health and quality of life of patients with Fontan, the first step
is to have baseline information about this population.

2. The participants identified the importance of the data quality
checks and having clear data definitions since much of the

Figure 1. Growing number of multi-centre collaborations for
single ventricle CHD. ACC = American College of Cardiology;
AHA = American Heart Association; ANZFR= The Australian and
New Zealand Fontan Registry; FALD= Fontan-associated liver
disease; FUEL= Fontan Udenafil Exercise Longitudinal; IFIG=
International Fontan Interest Group; NPC-QIC= National Pediatric
Cardiology-Quality Improvement Collaborative; PHN= Pediatric
Heart Network; SVR= Single Ventricle Reconstruction Trial.

Figure 2. Excerpts from the key driver diagram reflecting
the focus areas of the three work groups. On the left panel
is the overarching goal for each work group. On the right
panel are the measures used to assess progress towards
these goals.
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collected data will not fit into diagnostic codes. An example is
collecting data on whether the patient has extracardiac gastro-
intestinal abnormalities such as Fontan-associated liver disease.
Fontan-associated liver disease is a wide spectrum from hepatic
congestion to compensated or decompensated cirrhosis.24 Clear
definitions of the data are crucial to guarantee data quality.

3. The centres acknowledged the time needed to complete these
forms which ranged from 32 to 365 minutes. Collecting this
data will be a significant investment for the centres participating
in this network registry.

4. Source data for multiple variables were not available for adult
patients, for example, details of prior surgical interventions
and the early post-operative course. This is a known challenge
in the care of adults with CHD and stems from being cared for at
multiple institutions or before the era of electronic medical
records.25,26

5. Some of the data that were often missing were variables related
to extracardiac end-organ disease, neurodevelopmental testing,
mental health diagnosis and therapy, and measures of quality of
life which were available in only 44% of the cases. This was
either due to the lack of assessment or the lack of access to this
information. This also reflects that information is often housed
in the different health systems where patients have received
care. Connecting information from electronic medical record
systems and across various health systems will be helpful.
The lack of information on emotional health and neurodevelop-
mental testing was not surprising and reflects opportunities for
improvement.

6. There is a need to incorporate patient-reported outcomes and
quality of life measures into clinical practice and, therefore, into
the data collection forms. We received positive feedback about
the importance of these data elements; however, currentlymany
institutions do not collect this type of information during
clinical visits. Assessing these broader aspects of health and
well-being and reviewing results of patient- or parent-reported
outcomes during visits is likely to require some additional train-
ing and extra time from the clinical teams.27

Discussion

We report the initial steps in the design and establishment of a data
registry as a key infrastructure component of the FontanOutcomes
Network to improve care and outcomes for individuals with
Fontan physiology followed in the United States. This is an impor-
tant and unique database as it will collect baseline data and follow
the patients with Fontan circulation longitudinally. Collecting
these data is critical to better understand mechanistic origins of
single ventricle CHD and its co-morbidities and complications,
the trajectory of organ-specific health to predict the course of each
patient over time, and prevent and treat complications and
co-morbidities over time in order to optimise outcome. The
Fontan Outcomes Network registry will provide needed infra-
structure for the Fontan Outcomes Network learning network
to improve care, accelerate research, and identify innovations
that may be disseminated across the learning network to support
the outcomes of individuals with Fontan circulation.

Current care models for patients with Fontan
in the United States

Individuals with Fontan circulation have many health needs in
the context of a wide spectrum of clinical complexity, functional

capacity, end-organ disease, idiosyncratic complications, neurode-
velopmental, and behavioural challenges. Over the past decade,
multiple CHD centres have developed multidisciplinary clinics to
provide standardised subspecialty care for this patient population.13

Other centres have a specialised Fontan clinic within cardiology
and refer to subspecialists on an as needed basis. Within these
models, some patients receive longitudinal follow-up in academic
or hospital-based practices, while others are followed in private
paediatric cardiology clinics. Recently, there has also been an
emphasis on the inclusion of heart failure/transplant teams early
in the care of these patients. Given the lack of evidence about
optimal monitoring and interventions, congenital heart centres
are trying to bridge the gaps between clinical care and investiga-
tion. This has resulted in wide variation in practice patterns among
programmes in testing strategies and in the type of data collected
related to cardiac health and co-occurring conditions. This varia-
tion became apparent during feasibility testing, as we discovered
which data points were or were not available across centres. As
a guideline to help centres consider a rational approach to longi-
tudinal care, the American Heart Association published a scientific
statement with suggestions for the types and frequency of testing in
patients after the Fontan operation.10 This statement is an initial
and important step that Fontan Outcomes Network will use
to facilitate standardising the care of individuals with Fontan
physiology.

The challenges and potential solutions moving forward
with the data collection for patients with Fontan in the
United States

Although consensus from the feedback on the data collection
forms included the need to obtain comprehensive baseline data,
actual data collection is time-consuming and there is wide variability
regarding the availability of data between centres. To overcome some
of these challenges, we predict the data collection process will go
through significant evolution over the next few years.28 The
Australia and New Zealand Fontan data registry collects focused
longitudinal data in Fontan survival and has been successful in
facilitating important discoveries regarding Fontan-related mor-
bidity and mortality.28 The advantages of this model is that it
requires fewer resources for data collection, may allow wider par-
ticipation of many centres in the country, and may incur fewer
missing data elements in the registry as a result. The disadvantage
of this approach is that it provides less granular data, particularly
when it comes to understanding extracardiac Fontan-associated
morbidities and psychosocial functioning status, it does not involve
the ability to use real-time data to assess emotional health, and it does
not allow for the use of rapid turnaround of data for quality improve-
ment. FontanOutcomesNetwork will take an approach that supports
the use of data for clinical care, improvement, and research. It will
continue with the comprehensive data collection approach used in
the pilot forms, tolerating missing data and developing strategies to
reduce the burden of data collection for the participating centres.
Ultimately if a variable has a collection rate of 50%, it may still pro-
vide important information when collected in aggregate from
multiple centres and could lead to an improved preliminary under-
standing of Fontan circulation complications, accepting some lim-
itations of the data and recognising the potential for selection bias
in the cohort. Importantly, the Fontan Outcomes Network is plan-
ning to make the data available for ongoing improvement which
requires frequent and rapid turnaround of data. This type of regis-
try and data collection has been successful in the ImproveCareNow
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network which currently has data on over 30,000 individuals with
inflammatory bowel disease.29 Additionally, the Fontan Outcomes
Network is developing a “return on investment” strategy for the
participating centres to emphasise the value of collecting and
learning from this data. For example, the centres will receive
monthly reports on key metrics and performance dashboards
will be available.

A data dictionary with definitions of the data fields is currently
being finalised based on the data collection detailed in this manu-
script to facilitate data accuracy and allow multiple health care
providers to collect and enter the data into the registry with high
reliability. To further reduce data collection burden, processes will
be developed to extract data from local databases directly into the
registry avoiding multiple data entry steps. Development and imple-
mentation of electronic infrastructure within different healthcare
information systems has the potential to be a relatively lengthy
process. In the interim, each institution will likely find solutions
that work within the available infrastructure although solutions
could be shared between teams. An example of a strategy to
avoid duplicate data entry would be the use of the data collected
in other network registries such as the partner registries in Cardiac
Networks United – Pediatric Cardiac Critical Care Consortium,
Pediatric Acute Care Cardiology Collaborative, the Cardiac
Neurodevelopmental Outcomes Collaborative, Advanced Cardiac
Therapies Improving Outcomes Network, and the already existing
National Pediatric Cardiology Quality Improvement Collaborative
resources. Developing amethod to link these current and emerging
cardiology networks to the Fontan Outcomes Network registry has
the potential to save multiple data collection steps. The collabora-
tion among data scientists, cardiologists, and information system
specialists will be key to the success of the Fontan Outcomes
Network registry by improving the data collection process.15

Furthermore, the advancements in artificial intelligence and natu-
ral language processing are promising for solving medical record
data collection challenges.30

While improvements in facilitating the ease of data collection
are made, there will also be efforts to learn from the network
centres. There is an urgency to improve ongoing care and to
develop the infrastructure for research and innovation to improve
outcomes.

Summary and conclusions

As the number of individuals with the Fontan circulation rapidly
grows, an improved understanding of their physical, neurodeve-
lopmental, and emotional health needs is critically needed. Fontan
Outcomes Network is designed as a registry-based, multi-centre,
learning network to improve our understanding of the healthcare
needs of the Fontan population through collaboration, quality
improvement, research and innovation, and the learning net-
work has taken important initial steps towards establishing a
national registry of Fontan patients in the United States.
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