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Abstract: Outcomes in pediatric heart failure and ventricular assist devices (VADs) remain suboptimal.
Given the complexity and limited numbers, centers cannot be expected to acquire mastery and generalizable
knowledge independently. Recognizing this problem, the community has formed Advanced Cardiac
Therapies Improving Outcomes Network (ACTION), a collaborative learning health care system committed
to unrelenting collaboration and continuous learning to improve critical outcomes in pediatric heart failure.
ACTION is inclusive of all interested parties and believes the fastest and most effective way to make progress

is through working together. ACTIONs approaches to collaboration and data sharing will be highlighted.
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Introduction

Current challenges in pediatric beart failure and
ventricular assist devices (VADs)

Pediatric heart failure is a significant, burdensome and
complex condition associated with high morbidity and
mortality. The estimated incidence of heart failure is 0.9-7.4
per 100,000 children (1). Each year in the United States,
tens of thousands of children are admitted for heart failure
with an in-hospital mortality of 7% (2,3). In children
with congenital heart disease admitted with severe heart
failure requiring at least intravenous inotropes, in-hospital
mortality climbs to 26% (4). For the sickest children on
the waiting list for a heart transplant, 22% will die before a
donor organ becomes available (5).
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A growing number of VADs are now being used to
support children with severe, refractory heart failure which
has improved waiting list survival (6,7). Nevertheless,
outcomes remain suboptimal, especially for smaller
children. In younger patients requiring a paracorporeal
VAD, for example, 30% will experience a stroke and
mortality is 2-3x higher compared with older patients
supported with implantable VADs (8). Current resource
utilization for children with advanced heart failure requiring
a VAD is extremely high; median length of stay is 81 days
and median hospital costs are $750,000 (9).

Managing heart failure and VADs in children is a
particularly vexing challenge due to a combination
of factors including: the increasing complexity and
heterogeneity in children presenting with heart failure,
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Figure 1 Schematic of the health care system today. [From Best Care at Lower Cost: The Path to Continuously Learning Health Care in

America. Committee on the Learning Health Care System in America; Institute of Medicine; Smith M, Saunders R, Stuckhardt L, ez al.
editors. Washington (DC): National Academies Press (US); 2013 May 10. With permission].
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Figure 2 Schematic of the continuously learning health care
system. [From Best Care at Lower Cost: The Path to Continuously
Learning Health Care in America. Committee on the Learning
Health Care System in America; Institute of Medicine; Smith
M, Saunders R, Stuckhardt L, et al. editors. Washington (DC):
National Academies Press (US); 2013 May 10. With permission].

limited number of patients managed at any given center
and paucity of pediatric-specific evidence to guide clinicians
sifting through an ever-growing number of diagnostic and
therapeutic possibilities. Not unexpectedly, data show that
experience matters; higher rates of adverse events, resource
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utilization and mortality are inversely related to center
volume (9-11).

The need for a learning bealth system

The Institute of Medicine summarized the status quo in
health care:

“But the pace of change is too slow, and adoption is too spotty;
the system is not evolving quickly enough. The system needs to
learn more rapidly, digest what does and does not work, and
spread that knowledge in ways that can be broadly adapted and
adopted (Figure 1) (12).”

These shortfalls are accentuated in the field of pediatric
heart failure and VADs since no single center has a sufficient
number of patients to achieve mastery and produce
generalizable knowledge on their own. Despite considerable
advancements, outcomes for children with heart failure
remain suboptimal. Members of the community have
realized that unless there is an overhaul of the traditional
system of siloed practice, outcomes for most children will
not improve. The urgent need to establish a learning health
care system for our field has become abundantly clear.

A “learning health care system” can be defined as one in
which “science and informatics, patient-clinician partnerships,
incentives, and culture ave aligned to promote and enable
continuous and real-time improvement in both the effectiveness
and efficiency of care (Figure 2) (12).” A learning health
care system continuously generates and collects new data,
efficiently gains and disseminates new knowledge, and
improves practice. A learning health care system is inclusive
of diverse stakeholders.
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ACTION: Advanced Cardiac Therapies Improving
Outcomes Network

Employing a learning health care system model, ACTION
was formed in April 2017 (www.actionlearningnetwork.
org). ACTION’s mission is to improve critical outcomes
for children and adult congenital heart disease patients with
heart failure by developing an international collaborative
learning health system that unites all key stakeholders
(patients, families, clinicians, researchers and industry).

ACTION has been closely modeled after successful
pediatric network-based learning health care systems that
have facilitated collaboration and improved health outcomes
at scale (13). Key elements to their success have been
emphasized in ACTION including: focusing on goals and
outcomes that matter most to participants, utilizing rigorous
quality improvement methodology to assess impact,
embracing transparency and creating an infrastructure that
facilitates connectivity and sharing. ACTION’s philosophy
can be summarized by two mottos: “steal shamelessly, share
seamlessly” and “all teach, all learn” [both of which have
been “stolen,” without shame, from other networks (13)].
Through this network-based learning health system, the
dissemination and adoption of best practices and evaluation
of outcomes has occurred at a much faster pace than in the
traditional scientific model.

In contrast to a traditional hierarchical organization,
ACTION has a flexible structure comprised of many
empowered and self-directed leaders and committees
working on separate but interrelated initiatives aligned
with the common goal. In 2 years, ACTION has grown
to include nearly 40 different centers internationally and
a diverse community of patients and families, clinicians,
researchers, industry partners and regulatory bodies
actively collaborating and sharing ideas and data to improve
pediatric heart failure outcomes. Initiatives highlighting
ACTIONs collaboration and data will be discussed below.

Collaboration in ACTION
Network-wide quality improvement initiatives

At the onset, ACTION participants came together, discussed
potential goals and unanimously agreed that decreasing
the high risk of stroke should be the top priority. Utilizing
quality improvement methodology, ACTION participants
identified three potential key drivers of stroke and targets
for improvement: anticoagulation, blood pressure and
communication. Baseline network stroke data was collected.
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After much discussion and generous sharing of best
practices and experience, novel anticoagulation, blood
pressure monitoring and communication protocols were
created and tested. In December 2018, three new protocols
were officially launched together as “The Initial ABCs of
Stroke Prevention: Quality Improvement Bundle.” As a
testament to the participants’ commitment to collaboration,
over 30 centers agreed to change their practice and follow
the new protocols, and thus far, implementation has been
nearly universal. In the near future, we will be able to
determine whether or not these interventions have had their
desired effect.

Currently only 55% of children with “dischargeable”
VADs are being discharged to home (8). Continuing to
focus on goals that matter most to patients and families,
ACTION members are working on an initiative to safely
discharge more children on VADs across the network
by identifying important barriers and creating and
implementing new processes. ACTION is engaging at least
one patient or parent from each center to participate in this
initiative.

VADs can be intimidating and overwhelming to patients,
families and providers alike. There are very limited
educational resources available that are designed specifically
for the pediatric population. Many VAD caretakers are
inadequately informed and trained. ACTION is partnering
with design experts and graphic artists to create pediatric-
specific materials (infographics, learning modules, videos,
and even virtual reality games; Figure 3) to educate patients,
families and providers about VADs in children and how to
care for them. These resources will be freely accessible to
all ACTION participants.

Practice standardization

Standardization in health care can potentially reduce
unnecessary variability, improve quality and efficiency,
decrease risk, and enable providers to more easily learn
from each other’s experiences. With standardization, the
efficacy of new care practices can be better assessed (14).

Given the complexity and limited number of pediatric
heart failure and VAD patients, ACTION believes that
standardization of practice is necessary to more quickly gain
generalizable knowledge and improve outcomes in this field
overall.

In addition to the standardized quality improvement
initiatives mentioned above, ACTION has created
standardized guidelines for addressing common pediatric
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Figure 3 Example of an ACTION education tool specifically designed for pediatric patients and families, courtesy of ACTION.

VAD scenarios through multi-center sharing and discussion
of best practices, experience and available evidence. These
“harmonization” documents offer standardized approaches
to issues such as pre-implant evaluation, thrombosis,
driveline care, imaging, stroke, right heart failure and
compassionate deactivation.

The next major phase of ACTION will focus on
pediatric heart failure. To start, ACTION is working
collaboratively to standardize definition, classification and
documentation of heart failure in children across centers.
This will allow us to better characterize and understand the
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problem and target areas for improvement.

Centralization and resource sharing

ACTION provides the necessary improvement
infrastructure, resources, experience and expertise to carry
out projects and improve outcomes that most centers would
not have on their own. ACTION has chosen to centralize
all legal and regulatory processes (i.e., institutional review
board, data use agreement) and data coordination. Although
the upfront effort is significant, ACTION believes long-
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term maintenance and compliance will be simpler and less
onerous for each individual center.

Building an online community

Successful learning health care systems utilize a virtual
repository, or a “commons” to readily share resources and
experiences (13). ACTION has adopted a commercially-
available team management app (Basecamp, basecamp.com)
for this purpose. This simple app provides a platform for
storing documents and files, schedules, to-do lists and real-
time communication. Through the app’s message boards
and chat features, ACTION members freely post questions
and answers, troubleshoot, share ideas and learn from each
other to improve care. The lively and generous engagement
through this app is proof of how ACTION members have
fully adopted the philosophies of “steal shamelessly, share
seamlessly” and “all teach, all learn.” This platform has
effectively brought the community closer together.

Collaboration outside of ACTION

ACTION is committed to active collaboration not only
within its network but outside of it as well. ACTION is
a founding and committed member of Cardiac Networks
United, a new integrated research and improvement
“network of networks” which aims “to foster novel and
impactful science across the lifespan that would not
otherwise be possible without such collaborative efforts,
accelerate the translation of discovery to improvements
in clinical care, and support greater efficiency through
sharing resources in pediatric and congenital heart
disease (15).” ACTION is also partnering with important,
existing registries and databases including Society of
Thoracic Surgeons - Pedimacs/Intermacs, Pediatric Heart
Transplant Society, and United Network for Organ Sharing.
Together they are devising ways to streamline data entry,
link and share data, and collaborate on joint research and
quality improvement projects.

Data in ACTION
Quality improvement focus

A learning health care system continuously collects and
analyzes data to improve care. Unlike traditional registries,
ACTION?’s data collection is primarily focused on rapid
quality improvement not the traditional research model.
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Quality improvement data is typically more narrowly
focused, has fewer measures and is collected as close to real-
time as possible. Currently, the registry is collecting data on
all pediatric and congenital patients with VADs throughout
the network. Data entry has been designed by stakeholders
and streamlined for efficiency. Data collection is focused on
the quality improvement project at hand, initially stroke in
VADs. Data forms are intended to be flexible and nimble
and expected to change as ACTION’s priorities shift in the
future.

Real-world data sharing with industry and rvegulatory
bodies

First approved in December 2011, the Berlin Heart
EXCOR is still the only VAD approved by the FDA for
use in children despite widespread use of other VADs. One
of ACTION’s major goals is to promote more pediatric-
specific labeling and support for devices and therapies
used in heart failure. Industry and regulatory bodies are
important and valued partners in ACTION and resources
are actively shared between these groups. ACTION is
committed to openly sharing “real-world” data and evidence
to achieve this goal.

Simply defined, real-world data consists of data from a
variety of potential sources that are routinely generated or
collected in the course of health care delivery. Historically,
monitoring of safety has been conducted through a limited,
passive system of medical device reporting of adverse
events which is subject to incomplete and biased data (16).
To improve post market surveillance of the Berlin Heart
EXCOR, ACTION is collecting and sharing high quality,
real-world data with Berlin Heart, other industry partners
and the FDA.

For rare conditions such as pediatric heart failure when
a randomized control study may not be feasible, real-world
data can be used across a wide spectrum of research in both
observational and interventional studies to more efficiently
generate evidence of effect (17). ACTION is contributing
this real-world evidence so that commonly used VADs can
obtain pediatric-specific regulatory approval and support.
ACTION seeks to be a vital platform for future device and
drug trials for pediatric advanced heart failure. ACTION
also plans to expand and integrate other real-world data
sources, from its current registry and quality improvement
data collection to include patient-reported outcomes, smart
devices, social media and larger socioeconomic databases.

Real-world data is an evolving concept for all partners;
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therefore, it will require innovative solutions. ACTION
is fully committed to the highest quality of data using
processes that are being developed in collaboration with
FDA, other regulatory authorities and industry partners.

Data accessibility and transparency

ACTION desires to make its data accessible and useable
to the entire community. ACTION is creating real-time,
interactive center-specific and ACTION-wide VAD reports
and dashboards that can be readily accessed. As ACTION’s
collective experience grows, this dashboard will be used to
instantaneously display specific outcomes based on patient
characteristics (age, size, diagnosis, clinical status) and
device type. This will become a powerful tool for decision-
making and anticipatory guidance for clinicians and
families. The dashboard will facilitate benchmarking and
target specific areas for improvement. Through this tool
and other avenues, ACTION seeks to promote informed
decision-making and transparency between clinicians,
centers, researchers, families and patients.

Conclusions

Considerable improvement can be made in the care of
children with significant heart failure. ACTION was
formed because community members believe that working
together is the best and fastest way to improve and advance
the field. The network-based learning health care system
model provides the best framework for fostering active
collaboration and learning.
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