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“They took something they can't give back.”
Rosana Escamilla, whose daughter Alexcia was paralyzed after a
surgical heart procedure was done in 2016 [1].

Pediatric cardiac care is among the most complex, demanding, and
consequential interventions in all of medicine. As healthcare delivery
moves away from a volume-based reimbursement model to an effi-
ciency-and-quality-oriented model, providing high-quality, evidence-
based, and value-based care has challenged policy makers, surgeons,
and healthcare systems. Why has it taken so long to improve pediatric
cardiac care? [2].

Congenital heart lesions occur in about 17 per 1000 live births [3].
These lesions are the most common cause of admission to the pediatric
intensive care unit and the most common non-infectious cause of death
in infants [4,5]. Medical and surgical advances in the past three decades
have increased the survival rate of children born with complex cardiac
defects [6]. Despite these advances, however, these defects still cause
permanent disability or death in hundreds of children in the US each
year. Although the overall mortality in pediatric cardiac surgery is
below 4%, at least 20% of these deaths are believed to result from
preventable adverse events [7]. For neonates, the margin of error is
particularly low and is accompanied by a limited ability to recover from
these errors and to prevent poor outcomes. About 10% of neonates
undergoing complex cardiac surgery die within 30 days of surgery, and
survivors may experience major long-term or even life-long con-
sequences, such as impaired brain development and reduced psycho-
motor abilities [8]. The resultant burden of these consequences on
children, their families, and their community is profound.

The opportunity to provide cardiac care is a privilege. Many patients
and families regard this care as a true “miracle” when it improves
quality of life or longevity. At the same time, concern about errors in
delivering this care is drawing considerable and intense public scrutiny
[9]. The backlash against the limitations of managed care and the
proliferation of public information purporting to judge the performance
of health plans, hospitals, and doctors, have all contributed to a vig-
orous discussion about the nature of quality care, the problems in
achieving it, and how these problems can be resolved [10].

In pediatric cardiac surgery, harm can manifest as suffering and
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morbidity, the need for additional care, longer-term disability, and
death. If complications or unexpected outcomes lead to major life-al-
tering or life-ending results, patients, families, and the community are
usually unforgiving. This high-risk and high-reward specialty demands
a culture of systems reliability that supports unusually high standards of
quality and safety, and in this respect, it is similar to other high-risk
activities, such as air travel [11].

All members of the health system, including policy makers, ad-
ministrators, cardiac surgeons, and other healthcare providers are re-
sponsible for creating sustainable and high-quality models of care for
children with heart defects. Three major public policy reports published
in the past year have suggested that, despite major funding and much
research and a growing awareness of safety issues, healthcare delivery
continues to vary widely among centers and can cause lasting but
preventable harm to children and adults [12-14].

New York State holds a special place in the world for furthering the
evolution of reliable and safe care. The seminal 1989 Harvard Medical
Practice Study, funded by the New York State Health Commissioner, Dr.
David Axelrod, remains the standard for guiding evidence-based public
policies for population health and patient safety [15]. Furthermore, in
1988, when confronted with data showing large and long-standing
variations in short-term mortality and complications among hospitals
providing cardiac surgery, the state developed the first clinical re-
gistries for cardiac surgery in 1989 and for percutaneous coronary in-
terventions in 1992 [16]. In 1990, the New York State Department of
Health, for the first time anywhere in the world, released risk-adjusted
cardiac surgery mortality rates for individual hospitals. Shortly there-
after, it released similar data on hospitals and physicians for percuta-
neous coronary interventions, cardiac valve surgery, and pediatric
cardiac surgery (only hospital data) [17]. Publication of these data
continues and remains a best-practice that has been emulated by other
states and countries.

The New York state policy to publish risk-adjusted mortality data
for cardiac surgery in adults, prompted comprehensive efforts by hos-
pitals to improve their cardiac surgery programs and made publically
available, meaningful validated feedback to healthcare units as in-
dicators of the overall system performance[18]. In the intervening
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28 years, the New York “experiment” of releasing provider data to the
public has been well accepted and proven to be effective in improving
care. The experiment has been a model for similar statewide efforts (e.g.
Pennsylvania, Massachusetts, New Jersey, and Michigan) [19], and
current initiatives by federal agencies and professional associations.
These initiatives preceded the Bristol Royal Infirmary's cardiac surgery
inquiry that shaped planning and governance of pediatric cardiac ser-
vices in the United Kingdom [20].

The recent alleged high-profile breakdowns in pediatric cardiac care
at the University of North Carolina [21], Johns Hopkins [22], St. Mary's
Children's Hospital in West Palm Beach [23], and the University of
Nebraska [24] have increased public scrutiny and the increased
awareness of the risks, complexity, and need for reforms in pediatric
cardiac care. These breakdowns also increased public scrutiny of
healthcare executives and increased their personal vulnerability and job
security as they shift their institutions away from reacting to adverse
events to taking a frank and deep interest in preventing these events
and in improving the performance of pediatric cardiac care systems.
However, many of these executives still underestimate the serious
challenges that lie ahead for them, given the disruptive and rapidly
accelerating pressures to improve system performance [25].

All of this local exposure is occurring against the backdrop of an
increasing international awareness of the value of regionalized pedia-
tric cardiac care; an awareness stimulated by major investigations of
pediatric cardiac surgery care in Bristol, United Kingdom; Nijmegen,
Netherlands; Manitoba, Canada; and Sydney, Australia [26]. For ex-
ample, Norway centralized 4 pediatric cardiac surgery centers into 1;
the UK, from 21 to 13 (with a recommendation to centralize further to
9); and the Netherlands, from 8 to 4 [27]. Nevertheless, the results of
centralization and the success of the accompanying reorganizations
based on integrated care pathways remain hotly contested.

A systems' approach, because it involves evaluating and changing
the wider organization and its management, communications, and
culture, is the best way to prevent individual or component failures in
the healthcare system [28]. That is, safety in the operating theater,
catheterization laboratory, and at hospital discharge is sometimes
greatly affected by seemingly remote influences, such as inter-depart-
mental relationships, attitudinal differences, and organizational cul-
tures that tolerate unnecessary risks [29,30].

Upstate New York recently implemented several well-documented
best practices in pediatric cardiac surgery reducing peri-operative
mortality and improving longer-term outcomes, as described by Swartz
et al. [31]. The authors attributed their success to consolidating three
surgical centers—at Buffalo, Rochester, and Syracuse—into two, in
which the same cardiology service provided care in a networked ar-
rangement at all three clinical centers. Thus, the systems model of “one
network, two surgery sites, three hospitals” is attractive. The seamless
integration of care, irrespective of the presenting site, might be the
biggest and yet unmeasured reason that overall surgical outcomes have
improved [32].

Managing these centralized surgical networks effectively requires
maintaining a pervasive culture of collegiality, trust, truth telling and a
and collective purpose. To date, however, research has tended to focus
on single clinical environments or organizational settings; that is, on
component failures in primary or secondary care, operating theaters, or
the emergency department. Missing is a foundational safety manage-
ment learning system [33] that focuses on system-wide improvements
and operational management approaches. A high degree of professional
and personal trust (psychological safety), the transparent sharing of
clinical protocols and outcome data across sites, and a no-blame culture
(e.g., fixing the problem, not the blame) support effective system im-
provements and can produce exceptional outcomes [34,35]. This suc-
cess naturally leads to a discussion of how this regional model of
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surgical practice addresses or influences the usual local characteristics
of high-performing microsystems providing care at all levels of com-
plexity [36].

The systems approach specifically considers the complex barriers
and drivers of patient safety as a product of a constellation of factors
operating within and between care processes. These factors include
regulatory pressures, organizational boundaries, perverse financial in-
centives, shifting professional responsibilities, and poor organizational
alignments. The socio-technical, systems approach to improving pe-
diatric cardiac care suggests that adverse incidents should be examined
from the perspective of a high-reliability organization, which considers
both unstated, underlying conditions and the chain reactions of human
error that begin with upper-management decisions and end in un-
desirable patient or provider outcomes [37]. Care teams in a high-re-
liability organization are better equipped to learn to prevent and re-
cover from errors before patients are harmed, whereas care teams in a
lower-reliability organization that lacks a strong culture of trust, self-
assessment, and learning, continue to repeat the same errors and pa-
tient harm [38].

Changes in specialized health services in New York State are cur-
rently being proposed on the reasonable assumption that regionaliza-
tion will produce better outcomes. Evidence-based approaches are
needed to centralize pediatric cardiac care in New York State, to inform
policy, and to understand how decisions can improve healthcare as
these health systems are restructured [39]. The desired effects include
transforming poorly performing healthcare systems while at the same
time engaging providers in a more respectful manner. The potential
benefits and mechanisms of more specialized care also pose great
challenges to the patient hand-off processes between centers and among
professionals who are geographically separated and who are required to
provide care in different regions [40].

Several factors have been linked to poor outcomes in pediatric
cardiac care, including institutional and surgeon-specific volumes,
burnout among surgeons, poor team performance, case complexity, and
microsystem failures [41]. Current mortality and morbidity rates
among pediatric cardiac care centers are high and vary by as much as a
factor of 4, indicating a compelling need to better understand how some
teams are better at managing error, better at sharing lessons, and better
at applying new learning methods [42,43].

Another aspect and potential benefit of regionalization relates to
surgical burnout, defined as “a syndrome of emotional exhaustion and
depersonalization that leads to decreased effectiveness at work” [44].
This syndrome has been recognized for well over a decade. Several
studies have drawn attention to its rising incidence, with surgeons in
some specialties reporting burnout rates higher than 50% [45] and 30%
screening positive for depression [46]. Aside from the obvious negative
impact on outcomes, on individual surgeons, and on their family,
physician burnout also impairs patient care. Surgeon burnout (in par-
ticular emotional exhaustion and depersonalization) is directly asso-
ciated with an increased likelihood of committing a major medical
error, being rude to patients, lower career satisfaction, and an earlier
retirement age [47,48].

1. New York State public policy recommendations

The future of pediatric cardiac care in New York State requires
adopting a bold agenda that allows new hypotheses to be tested and to
involve researchers working closely with clinical teams supporting
short- and long-term quality improvement efforts and research [49].
Regionalization of pediatric cardiac services in New York State will
inevitably involve far-reaching changes in the local delivery of care by
transforming care processes, pathways, and teams; by reconfiguring
organizational and interorganizational care systems, and by rethinking
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the wider regulation, financing, and organization of regional care ser-
vices.

Regulation is a major way in which governments influence the
market economy, including quality of care. However, the recent inter-
national deliberations around the Boeing 737 MAX jet crashes have
raised serious questions about regulatory capture in aviation and invite
a similar look into the independence and impact of healthcare regula-
tion [50]. Do regulatory agencies responsible for healthcare safety and
quality have enough qualified people and the independence to under-
stand and regulate the governance and quality of complex pediatric
cardiac care? [51]. How can regulators, with only limited data sup-
porting accreditation as a quality indicator [52], be more responsive to
the marketplace, support internal quality-improvement efforts, and
remain nimble, despite the influence of special-interest money and
politics? Finally, how can we improve the quality of regulations and
regulating in the real world?

Regionalization also has substantial implications for patients and
caregivers, who needs must also be considered when designing the in-
terventions needed to enhance the integration, effectiveness, safety,
and focus on patient- and family-directed care of centralized specialized
services [53]. These interventions need to be identified, evaluated, and
revised to ensure that the safety and needs of the patients are always at
the center of the changing network of healthcare organizations [54].

We believe the following recommendations may improve the safety
and quality of care in pediatric cardiac surgery in New York State:

1. Create a New York State Safety Management Care Model based on
the principles of “Resilience and Safety 3.0” that require better
understanding of the needs of the workplace (“work as is” versus the
“work as imagined”), particularly as they relate to the surgical
workforce; team training and performance improvement; financial
and practical sustainability; and the generalizability of such ar-
rangements to other settings [55].

2. Partner (co-produce) with patients and their families in developing
newer models of care that better support families in achieving re-
liable and safe outcomes [56]. Related to these models is the need to
identify the critical moments of contact with patients and families;
that is, we need to determine when the patient and family decide to
trust care providers, and we need to understand the mindset behind
patients' actions, expectations, and loyalties to make their expecta-
tions more realistic and their experience more productive. Finally,
we need to identify the measurable quality requirements that par-
ents care most about (e.g. timeliness, consistency, compassion, etc.)
and can indicate whether our clinical policies are meeting the ex-
pectations of the children and their parents [57].

3. Develop a patient outcomes and performance improvement service
at the New York State Department of Health that tracks pediatric
cardiac outcomes using pre-operative clinical data from state-based
registries. The service should also maintain a database of advanced
diagnostic services, genetic testing, and psychological support. Such
data could help determine and inform proposed legislation about
when family care is not required and what impact the absence of
local surgical care has on short and long-term outcomes in pediatric
cardiac care and population health [58].

4. Establish a New York state task force to determine how to improve
the effectiveness of training cardiac care teams for patient safety by
applying current evidence-based practices [59]. Such training must
be supported and reinforced by the organization in which it occurs.
In particular, several factors need to be addressed [60] including:

Organizational climate: Does the organizational culture support/
incentivise striving for patient safety? Does it allow for non-
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punitive reporting of problems and near-misses? [61].
Organizational support: Do trainees receive dedicated training time
during which they are temporarily excused from their regular
duties? Is training viewed as more than just a bureaucratic ex-
ercise? Is teamwork training widespread across the organization?
Extent of training: Does the organization only train isolated teams?
Does the training of perioperative teams incorporate the “wider”
perioperative team (e.g., including specialists and upstream and
downstream care providers)?

5. Examine the performance of non-surgical pediatric cardiology ser-
vices, as well as the protocols by which children are referred to
surgical sites when required. Such referrals raise thorny and un-
resolved questions around assessing the risk of transport, appro-
priate and defensible communication protocols, coordination, and
hand-offs of care between organizations [62].

6. Establish a New York State Pediatric Cardiac Care Learning
Collaborative modeled after the Northern New England
Cardiovascular Disease Study Group [63], The Michigan Society of
Thoracic and Cardiovascular Surgeons [64], and the National Pe-
diatric Cardiology Quality Improvement Collaborative [65] registry.
These models require all centers doing pediatric cardiac care to
develop trust in each other's data while agreeing to learn from each
other in an open and transparent manner on how to achieve the
quadruple aims of gratifying providers, improving population
health, reducing care costs, and satisfying patients [66].

7. Trust is so fundamental to peer-to-peer relationships and to orga-
nizations that employ providers that it is assumed to exist without
question. Given changes in health care and society at large, trust is
increasingly understood to be at risk and in need of attention [67].
Learning collaboratives can help implement peer-to-peer learning,
in improving child growth milestones and mortality, in highlighting
and demonstrating the value of working with parents, and in tap-
ping the power of site visits and group deliberations [68]. The col-
laborative can provide implementation toolkits, pathways, proto-
cols, and templates that have been used successfully by other centers
in New York State and can provide access to dedicated staff to assist
their institution in creating achievable stretch goals and coaching to
achieve these goals. Importantly, this collaborative should examine
the key barriers and organizational challenges for implementing
best practices in pediatric cardiac care, and how to measure these
barriers across surgery types and settings.

In sum, pediatric cardiac care is an example of the benefits of re-
gionalization in New York state, and one that can be generalized to
other high-risk interventions in the state, such as for organ or bone
marrow transplantation, trauma and spinal care, neurosurgical tumor
resection, and even chronic diseases, such as chronic obstructive pul-
monary disease and cardiovascular diseases. If the lessons learned in
improving safety in pediatric cardiac surgery can be applied to these
other interventions, the savings in time, cost, and suffering should be
substantial.
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