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A parent taking a child into hospital for diagnosis and treatment hopes for a
cure and the restoration of a normal quality of life in the future. They fear
many things, ranging from the worst—the death of the child—through their
pain and suffering to uncertainty about how to manage the complexity of their
own lives, which have so suddenly been disturbed. What they have a right to
expect is that the people treating their child know what they are doing, are
well trained, and particularly will put the needs of the their child at the center
of their decision making.

They are handing over their precious bundle of joy to strangers to care for,
aware that that very care might actually threaten the life of that child as well
as offer treatment. They are loaning their child to these professionals. It
demands an enormous amount of trust to do that. As professionals, we need
to be able to recognise that level of trust and repay it. Trust is a two-way
thing.

The remarkable fall in the mortality for repair of congenital heart defects
over the last 60 years could lead to complacency. But we must not forget that
mortality is only one outcome measure and cannot reflect all the issues which
concern parents. Medicine is dangerous. Many readers will have seen the
famous diagram which charts the relative risk of accidents affecting users of
organisations, which shows that there are high-reliability organisations like
European railroads, western airlines and the nuclear industry but that medi-
cine is about as safe as bungee jumping. This is due to errors that we make,
problems we fail to address, complications we fail to tackle. There is no room
for complacency if we want to deserve the trust of the parents who have
loaned us their child.

If it were my child being treated, this is what I expect:

* I expect that my child will be cared for safely in a modern hospital.

* Texpectmy child to be looked after by a well-functioning multi-disciplinary
team.

* I expect the staff will know the results of the treatment they propose not
just in the literature but in their own hands.

* T expect the staff to know the complication rates in their hospital and put in
place ways to reduce them.

* T expect that they will be collecting complete and validated data on all they
do and that they will share those data openly with other professionals and
the public.
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* I expect the staff will do all they can to mitigate the certain human error
that will occur, by putting in place systems which limit both risk and harm.

* T expect that the staff will be honest, open and transparent in all their deal-
ings with me and that if they don’t know something, they will say so and
let me get a second opinion.

* T expect to be involved in decisions about the care of my child and to have
my views respected.

* T expect that any harmful incident will be fully, openly and honestly inves-
tigated as quickly as possible and that learning from the incident will
spread widely so that no one else can suffer.

e T expect that the team will be interested in the long-term outcome of treat-
ment, not just in hospital, and that they will have mechanisms in place to
gather the relevant information.

* T expect the truth and to be treated as if I were a friend, with warmth and
empathy.

The Editors of this timely book have gathered an array of experts to give
guidance as to how these expectations should be met. They give valuable
insight into methods and use their own experience to highlight what we can
do to be better. Being better, continuous improvement is what it is all about.
Our speciality has done well with a relentless pursuit of excellence and is
further advanced than many in being open about its results. Yet, it has much
to learn from other disciplines, particularly oncology, about the benefits of
collaboration over competition. Our discipline was built on the drive and
energy of highly competitive alpha males and the disruptive technology of
cardiopulmonary bypass. A second wave of disruption has followed the intro-
duction of trans-catheter interventions. But this too has resulted in the same
kind of rush to glory that we saw in the 1970s with surgical heart valve imple-
mentation and design. We need good studies, strong data and multi-center
collaboration if we want to give the best care as quickly as possible.

This book exemplifies the move to collaboration and the drive towards
openness and transparency. All our patients and their families are now ‘digital
natives’. They access the collective memory of Google just as we do. They
expect to see our results and can quickly find their way around PubMed. We
have a duty to give them insight into the facts they can read. The information
provided in this text will help units realise both the importance of good data
but also the methods by which it can be used, evaluated, interpreted and
reported.

Don’t forget, your duty is to keep the child safe and make it as well as you
can. This book will help.

London, UK Martin Elliott, MD, FRCS

Foreword



The idea that clinical data could be analyzed by multiple congenital heart
centers was shared by many enlightened individuals who foresaw the utility
of such an organizational structure in the early 1980s. Discussions led to
ideas that resulted in primitive data collection systems that catalogued diag-
noses, procedures, complications, and survival statistics. The difficulty with
these systems was that the nomenclature was not uniform and the challenge
of comparing diagnoses and procedures prevented accurate analysis. In short,
nomenclature categories were diverse owing to substantial and justified dif-
ferences of opinion by many leading anatomists. Parallel publications by sur-
geons and cardiologists resulted in more uniform parochial nomenclature
systems, but still there were significant differences between the two that chal-
lenged future collaborative efforts. The call to arms was answered by con-
cerned clinicians and anatomists and resulted in a computer mapping strategy
that was successful in categorizing diagnoses and procedures by what is actu-
ally described and performed and not by what it is called. As a result, the
types of ventricular septal defects, atrial septal defects, truncus arteriosus,
and the like now had a computer number and not a name. It was revolutionary
in concept and comprehensive in scope. It was as if the world had one lan-
guage even if the cultures varied. Before long, North and South America,
Europe, Asia, and Africa were using the standard nomenclature.

This was just the beginning. Data were collected, analyzed, and inter-
preted to reveal or contradict theretofore clinical assumptions, biases, and
largely undocumented hearsay conclusions. Data verification strategies by
professional volunteers were planned, and audit visits were instituted.
Concurrently, participating center data were to be assessed and compared
with the combined experience of the participating centers. This allowed the
possibility of program assessment and quality improvement. Complexity
scores were developed based on Delphian principles until the time that
enough data were collected to allow data-driven risk stratification.

The subsequent analysis of the databases and the developed nomenclature
became exponential. Government agencies accepted the documents and insti-
tuted registries based on the developed principles. Long-term outcome analy-
ses became a reality with database linking to both the Department of Health
and Human Services Centers for Medicare and Medicaid Services Database
and the Social Security Death Master File. Ethical issues were being dis-
cussed and used to clarify rules and regulations. In addition to these
innovations, database documentation of complications has been used to guide



the clinician to perform more extensive data-driven informed consent. In an
interesting twist of phrases, the database was used to inform the informed
consent process.

The benefits of the database systems and the supporting nomenclature
were simply too much to document in an expanded treatise. It could only
have been accomplished by a book, the like of which is offered in this infor-
mative and excellent text. The reader will enjoy this book not only for the rich
references that accompany the prose but also for the enjoyable historical
account of what some people refer to as simply unbelievable.

Orlando, FL, USA Constantine Mavroudis, MD

Preface
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This book, entitled “Pediatric and Congenital
Cardiac Care: Volume 2: Quality Improvement
and Patient Safety,” is Volume 2 of one of a two
volume textbook. The focus of Volume 1 is out-
comes analysis. The focus of Volume 2 is quality
improvement and patient safety. Leading work
has been undertaken in pediatric cardiac care to
understand and measure how to establish collab-
orative definitions and tools of measurement, and
to determine robust benchmarks and methodolo-
gies to analyze outcomes. The book highlights
best practices for measuring outcomes of pediat-
ric cardiac care. The first volume of this textbook
concentrated on measurement and analysis of
outcomes. Volume 2 focuses on implementation
science in terms of continuous quality improve-
ment and safety science and systems.
Meaningful multi-institutional analyses of
outcomes requires a database that can incorpo-
rate the following seven essential elements: (1)
Use of a common language and nomenclature,
(2) Use of a database with an established uniform
core dataset for collection of information, (3)
Incorporation of a mechanism for evaluating case
complexity, (4) Availability of a mechanism to
assure and verify the completeness and accuracy
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of the data collected, (5) Collaboration between a
variety of stakeholders including medical and
surgical subspecialties, (6) Standardization of
protocols for life-long follow-up, and (7)
Incorporation of strategies for quality assessment
and quality improvement. Volume 1 of this text-
book focused on these seven essential areas. This
volume, Volume 2 covers both Implementation
Science: Continuous Quality Improvement and
Safety Science and Systems.

The fields of pediatric cardiology and cardiac
surgery have grown and developed faster than
most other fields in medicine. Although the fun-
damental biological substrates contributing to
congenital heart disease are far from understood,
and there are great variations in the complexity of
congenital cardiac defects, there are nevertheless
well established treatment options for correction
and palliation of most defects. It seems, however,
that despite unprecedented levels of spending on
pediatric cardiac care, preventable medical errors
have not been reduced, uncoordinated care con-
tinues to frustrate patients, parents and providers,
and healthcare costs continue to rise [1]. The US
Institute of Medicine estimates that 100 patients
die each day in the United States from iatrogenic
causes. There are of course many possible factors
related to this unexpected circumstance, includ-
ing the introduction of new technology that alters
rather than improves systems for care, the lack of
engagement of front line staff in decision making
and change, and of course, the changing quality
and safety metrics.

Delivering pediatric cardiac care is complex
and complicated. It is also multidisciplinary,
How we organize as teams, the systems of care
we develop, and the means by which we collabo-
rate and share information are crucial for deliver-
ing safe and cost effective care [2]. In the early
days of pediatric cardiac surgery, mortality rates
were very high. During the past three decades,
survival among children born with even the most
complex cardiac defects has increased substan-
tially so that from 2005 to 2009, the discharge
mortality of index cardiac operations was 4.0 %
(3,418/86,297) in the Congenital Heart Surgery
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Database of the Society of Thoracic Surgeons
(85 centers from the United States and Canada)
[3, 4]. Across the world, mortality figures have
declined, and this outcome variable is perhaps no
longer the only metric by which programs can be
evaluated. However, the mortality rates between
institutions continues to vary up to sixfold
depending on the complexity of the diagnosis and
procedure, suggesting there is still many modifi-
able factors related to case volume, experience,
and practice variability [5]. Morbidity and pre-
ventable adverse events are better metrics for the
evaluation of performance and competence, but
are difficult to measure, vary between and by sys-
tems of care, and are very dependent on the
socio-technical interactions of the care we pro-
vide and decisions we make [6]. Complications
and adverse events result in higher morbidity, and
the potential for longer-term disability and
decreased quality of life. Indeed, from a societal
perspective, the quality of life achieved by our
patients following the care we deliver is arguably
the most important outcome metric for pediatric
cardiac care.

Rapid advancements that followed from
improved diagnostic modalities (2D echocar-
diography among others), improved technology
in cardiopulmonary bypass, and the creative
solutions and techniques developed including
new management paradigms and prostaglandin
El infusions to maintain patency of the arterial
duct, have all contributed to the remarkable suc-
cesses in treating these children. Despite remark-
able advances, there still remains a relatively
high rate of early and late adverse events (mortal-
ity and morbidity), particularly in newborns and
infants. The frequency of events and the focused
patient population means that providers caring
for children with congenital and pediatric cardiac
disease have a compelling model for investigat-
ing resilient systems, human errors, and their
impact on patient safety [2].

This first of a kind cross-disciplinary collabo-
ration from four clinician editors from disparate
medical disciplines (cardiac surgery, cardiology,
anesthesia, and critical care), has pulled together



1 Introduction

an international community of scholarship with
articles by luminaries and cutting edge thinkers
on the current and future status of pediatric and
congenital cardiac care. It is imperative, how-
ever, that we understand and measure what we
do collectively, that we share common nomen-
clature, and that we risk-adjust appropriately
to enable effective clinical outcome and
management.

Intense scrutiny and measurement of clinical
outcomes is increasing at a rapid rate, beyond
institutions, regions, and borders. Simultaneously,
evolution continues in the domains of public
reporting, new regulations, and penalties when
reported outcomes do not meet expectations. We
believe that in many respects, the current multi-
disciplinary approaches in pediatric cardiac care
can provide a collaborative road map for other
disciplines and fields in healthcare such as medi-
cine, surgery and general practice. Proscriptive
rules, guidelines, and checklists are helping to
raise awareness and prevent harm. However, to
provide an ultra-safe system for patients and their
families, we need to better understand how our
system work, understand systems, redesign our
work practices, and develop resilience to not only
recover from adverse events but to predict them
in the first place [2].

Although the field of pediatric and congenital
cardiac care has received worldwide recognition
as a leader in outcomes analysis, quality improve-
ment, and patient safety and has advocated for
system-wide changes in organizational culture,
opportunities remain to lower costs, reduce risks,
and improve performance. The field has many
complex procedures that depend on a sophisti-
cated organizational structure, the coordinated
efforts of a team of individuals, and high levels of
cognitive and technical performance. In this
regard, the field shares many properties with
high-technology systems in which performance
and outcomes depend on complex individual,
technical, and organizational factors and the
interactions among them [6]. These shared prop-
erties include the specific context of complex
team based care, the acquisition and maintenance

of individual skills, the role and reliance on tech-
nology, and the impact of working conditions on
team performance.

Several factors have been linked to poor out-
comes in pediatric cardiac care, including institu-
tional and surgeon- or operator-specific volumes,
case complexity, team coordination and col-
laboration, and systems failures [7]. Safety and
resilience in these organizations are ultimately
understood as a characteristic of the system—the
sum of all its parts plus their interactions. Further,
many regulatory and government agencies are
examining more closely the utility, management
of risk, relationships of programmatic volume,
and outcomes in the field.

Interventions to improve quality and strategies
to implement change should be directed to
improve and reduce variations in outcomes. It is
imperative that there be an appreciation of the
impact of human factors in the field, including an
understanding of the complexity of the interac-
tions between:
¢ the technical task,

* the stresses of the treatment settings,

* the consequences of rigid hierarchies within
the staff,

» the equipment and physical architecture,

¢ the lack of time to brief and debrief, and

e cultural norms that resist change.

Technical skills are fundamental to good
outcomes, but non-technical skills—coordina-
tion, followership, cooperation, listening, negoti-
ating, and so on—also markedly influence the
performance of individuals and teams and the
outcomes of treatment [8].

Pediatric cardiac surgical care has been the
subject of well publicized inquiries. A consis-
tent theme from the reports of these inquiries is
that many staff, patients, and managers had
raised concerns about the standard of care pro-
vided to their patients before the sentinel event.
The events surrounding the Bristol Royal
Infirmary [9], the Manitoba Healthcare [10], and
the Mid Staffordshire [11] inquiries highlight
the importance of engaged leaders and clinicians
who appreciate the impact of human factors and
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Fig. 1.1 High reliability organizations and their organiza-
tional culture (Reproduced with permission from Berg [23])

systems improvement in improving outcomes in
pediatric cardiac surgery.

The accidents and adverse events that still
occur within systems that possess a wide variety
of technical and procedural safeguards (such as
operating rooms and intensive care units) have
been termed organizational accidents [11, 12].
These are mishaps that arise not from single
errors or isolated component breakdowns, but
from the accumulation of delayed action failures
lying mainly within system flaws that set up good
people to fail [13]. People often find ways of
getting around processes which seem to be
unnecessary or which impede the workflow
(called work arounds). This concept is known as
normalization of deviance. This accumulated and
excepted acceptance of cutting corners or making
work-arounds over time poses a great danger to
patients and their providers. Similar findings
have been described in other investigations into
major episodes of clinical failure, and healthcare
systems need to heed the lessons of other indus-
tries [14, 15]. This concept is shown schemati-
cally in Fig 1.1.

The study of human factors is fundamentally
about appreciating the nature of socio-technical
systems and optimizing the relationship between
people, tasks, and dynamic environments [16].
Although a particular human action or omission
may be the immediate or suspected cause of an
incident, closer analysis in pediatric care usually
reveals a preceding series of events and depar-
tures from safe practice, potentially influenced by
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the working environment and the wider organiza-

tional context [17]. An organizational accident

model proposes that adverse incidents be exam-

ined both from an [18]:

e organizational perspective that incorporates
the concept of active and latent conditions,
and

 individual perspective that considers the cas-
cading nature of human error.

Improving patient outcomes requires that, we
create the conditions, resources, and culture in
which clinicians can strive to create safe out-
comes. Leaders in our field must create and
support an organizational climate that allows
people to acknowledge mistakes and encourages
the clinicians to innovate. There is a very tight
coupling and complexity of care across pediatric
cardiac care, and the ability of the team to recog-
nize and respond quickly and appropriately to
errors and threats is essential to minimize the
consequences and ensure recovery [19, 20].

High reliability—or consistent performance
at high levels of safety over prolonged periods—
is a hallmark for non-health-related, high-risk
industries, such as aviation and nuclear power
generation [21]. High reliability is centered on
supporting and building a culture of trust, trans-
parency, and psychological safety [22]. In the
face of health reform and increased competition
in the market, moving to high reliability requires
adopting and supporting a culture that appreci-
ates the relationships among a variety of organi-
zational risk factors and their effect on patient
harm and procedural inefficiency. Improving
safety and quality, and providing true value in
pediatric cardiac care, will require clinicians to
acknowledge their primary responsibility in the
care of their patients and their families, as well as
managing processes for optimization, standard-
ization, continuous measuring and monitoring of
outcomes [23].

Finally, trust and collaboration within teams,
between institutions, and across institutional and
jurisdictional borders are essential elements in
pediatric cardiac care to ensure robust collection
of data collection and mechanisms of report-
ing about possible hazards or unsafe conditions
[24-26]. Teams perform more effectively than
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individuals and their discussions can promote
opportunities to detect and correct errors. The real
challenge going forward is learning how best to
identify and use the data to drive care, give mean-
ingful feedback to providers, promote alignment
and efficiency, and assure improvements.

This book came about from a long standing
friendship and camaraderie of the editors who
collectively believe that we should and can con-
tinuously do much better for our patients, and
their families, in delivering safer, higher value,
and patient centered pediatric cardiac care. The
book evolved from two successful special issues
of Progress in Pediatric Cardiology [27, 28]. The
editor’s feel strongly that no one repository exists
for the growing wisdom and practices in the rap-
idly moving field of pediatric cardiac care in the
three inter-related domains of outcomes analysis,
quality improvement, and patient safety.

We believe that innovation in patient care is
best designed in concert with those on the front
lines of healthcare delivery—patients and clini-
cians — and incorporating relevant knowledge
from other scientific disciplines such as opera-
tions research, organizational behavior, industrial
engineering, and human factors psychology. In
order to best engage with medical staff, the focus
of improvement efforts should be in bringing
even more scientific discipline and measurement
to the design of healthcare delivery. The need
exists to develop innovative models of care that
lower the complexity and cost of delivering
health care, while simultaneously improving
clinical outcomes and the patient experience. In
this era of acute health care reform with serious
financial constraints, the quality, safety, manage-
ment of risk, and costs of delivering pediatric
cardiac care are vital considerations for patients,
families, and clinicians.

The editors are indebted to the wonderful con-
tributions from leaders across the world from a
wealth of disciplines with expertise in pediatric
cardiac care. The authors are all “thought lead-
ers”, have lead important change, and are vision-
aries. We hope this book provides readers with
a roadmap and a common reference source of
current initiatives in outcomes analysis, quality
improvement, and patient safety in the field of

pediatric and congenital cardiac care. Moreover,
we hope the content and the authors of this text
will inspire readers, and foster engagement, and
that through collaboration and sharing, pediatric
cardiac care will be enriched and improved.
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Abstract

This chapter explores the unique challenges of selecting, training and men-
toring those who will become the next generation of pediatric cardiac care
professionals. In addition to the published literature on selection, training
and mentoring, we provide new data from the Congenital Heart Surgeons
Society and the European Association for Congenital Heart Surgery eluci-
dating the elements deemed most important to the training and professional
development of healthcare providers devoted to pediatric cardiac care.

Keywords

Training * Mentoring * Education

R.M. Ungerleider (<)

Pediatric Cardiac Surgery, Department of Surgery,
Brenner Children’s Hospital at Wake Forest
University, Winston Salem, NC, USA

e-mail: ungerlei@mac.com

G.R. Verghese

Pediatric Cardiology, Department of Pediatrics,
Brenner Children’s Hospital at Wake Forest
University, Winston Salem, NC, USA

e-mail: gverghes @wakehealth.edu

D.G. Ririe

Pediatric Cardiac Anesthesiology,
Department of Anesthesiology,

Brenner Children’s Hospital at Wake Forest
University, Winston Salem, NC, USA
e-mail: dririe@wakehealth.edu

J.D. Ungerleider

Psychiatry and Behavioral Medicine,
Wake Forest School of Medicine,
Winston Salem, NC, USA

e-mail: jungerle @wakehealth.edu

P.R. Barach, J.P. Jacobs, S.E. Lipshultz, P.C. Laussen (eds.),

Introduction

There once was a very wise, old woman who lived
in a small town. The people in the town would
visit her when they needed advice and her influ-
ence reached far and wide. Her reputation was
irksome for a group of young boys in the town,
who felt that she received far more attention and
acclaim than warranted and they wanted to show
how she was not nearly as smart as was claimed.
The oldest of the boys developed a plan. He
would capture a small bird—one that was tiny
and fragile enough that it would fit into his
cupped hands. He would then approach the old
woman, with the bird cupped in his hands, and he
would ask the woman: “This bird in my hands...
is it alive or is it dead?” The plan was diabolical
and certain to succeed. If the old woman said the
bird was alive, he would squeeze his hands,
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extinguishing the life from the bird, before open-
ing his hands to show it was actually dead. If she
claimed that the bird was dead, he would simply
open his hands and let the bird fly away. Either
way, they would show that she was not nearly as
wise as was claimed. The plan could not fail.

On the selected day, with their appointment to
see the old woman secured, and widely adver-
tised to the townspeople, the boys approached the
old woman. The leader of the boys had the tiny
bird in his hands and he asked the woman: “This
bird in my hands...is it alive or is it dead?”

The old woman gazed at them and at the hands
that held the bird for a long time. The boys didn’t
move and the leader of the boys, the one with the
bird enclosed in his fateful hands, began to
become a bit anxious. Perhaps there was some
truth to what was said about this woman. Perhaps
she was indeed wise and knew what they were up
to. No, that couldn’t be. Their plot was perfect.

Finally the woman spoke. She looked at the
lead boy and she said:

About that bird. You ask me if it is alive or if it is
dead. It is in your hands.

We are like those boys. We want to know
what will become of our profession [1]. It is a
profession that is at its greatest. The information
in this textbook will illustrate how well we do
and how far we have come. We hold the future in
our hands.

If we are to see quality and outcomes con-
tinue to improve, then our responsibility is to
attract those who are most promising. If quality
and outcomes are going to improve, we have to
find ways to train our successors to be better than
we were, despite the challenges that we continu-
ously encounter that alter the training environ-
ment—Iless exposure to cardiac surgery during
early years of surgical training, work hour limi-
tations and restrictions for all accredited resi-
dency and fellowship training programs, and
with diminishing center volumes and emphasis
for more “high level” involvement, fewer oppor-
tunities for patient management or interventional
procedures of any type. If quality and outcomes
are going to improve, we need to provide the
positive connection to mentors.

R.M. Ungerleider et al.

Background

This chapter will address each of these chal-
lenges: Selection of those who will “follow”,
training to create a future of excellence, and men-
toring to keep providers connected and meaning-
ful to those who will define that future. Our
comments will be founded in literature from edu-
cation, business, psychology, medicine and inter-
personal neurobiology and will also be connected
to new data acquired for this chapter from two
important pediatric cardiac surgical organiza-
tions. We will attempt to generalize our informa-
tion to the challenges encountered across the
spectrum of specialties that comprise the profes-
sion of pediatric cardiac care, and we will anchor
many of our remarks in data obtained from
experts in the field of pediatric cardiac surgery.
We’ve chosen surgery as an anchor for two rea-
sons: first, we have data from this group (and we
believe the data can be extrapolated to help us
understand challenges that confront each of the
other subspecialties) and secondly, we believe that
some of the issues facing surgery are unique and
require particular attention (although as such, they
do appear to some degree in other specialties)—
and these will be emphasized where appropriate.

Data Acquisition

In order to better understand what has worked in
the past, we surveyed the members of the
Congenital Heart Surgeons Society (CHSS) as
well as the members of the European Congenital
Heart Surgeons Association (ECHSA). Both of
these organizations elect members based on merit
and are therefore comprised of dedicated con-
genital heart surgeons who are considered, by
their peers, to be successful contributors to our
field. We surveyed the members of these two
organizations as surrogates for the type of indi-
vidual who has proven success in our field. We
could not identify, at this time, a comparable,
well-defined group of experts in pediatric cardi-
ology or pediatric cardiac anesthesiology/inten-
sive care; but we believe much of the information
provided by our surgical experts is applicable
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across specialties. In total, 189 surveys were dis-
tributed (152 to current active or past CHSS
members and 37 to ECHSA members). We
received 71 responses (compliance of 38 %;
which provides data reliability at a level of
95 %+10 %) [2]. However, we believe the
response rate is actually higher since many emails
were likely sent to retired or inactive members
who no longer participate as active members. Of
those receiving surveys, 104 were actually
“opened” and this yields a response rate of 68 %
(reliability of 95 % +5 %) for those who actually
“received” the survey. Regardless, research on
surveys [3-5] suggests that the response rate to
surveys from a fairly homogeneous group of
respondents who all perform the same activity
provides accurate information at response rates
greater that 20 %. Our response rate was 2-3
times higher than this and the engagement of the
participants (as reflected by numerous “free
field” comments) is also a published indicator of
survey validity.

The survey questions were created to help us
better understand our educational challenges for
the future. We are grateful to the members of
these two elite organizations who took the time to
respond candidly and thoughtfully to this survey.

Selection

Selection begins with rapture.

When I (RMU) was 8 years old (Mid-late 1950’s),
I visited a museum in Chicago, Illinois (The
Roosevelt Museum of Science and Industry) and
there was an exhibit about the “emerging” field of
heart surgery. The heart lung machine was becom-
ing an established (although new) technology, and
surgeons were beginning to imagine ways to enter
the heart of children born with congenital heart
lesions and repair these defects. There was a large
model of a heart that museum visitors could walk
through (in an anatomically correct path from right
atrium, to right ventricle, to pulmonary arteries/
veins, to left atrium and finally left ventricle). All
of this was done to a background of sound. As the
lub-dub of the heartbeat influenced the cadence of
my steps, I became entranced. There were exhibits
of what surgeons might be able to do in order to
repair a variety of congenital heart defects. Heart

surgery as an extension of thoracic surgery was a
new and exciting field (Denton Cooley called the
heart lung machine the “can opener for the largest
picnic thoracic surgeons will ever know”) [6] and 1
was enraptured.

Of course, it is a natural for us to think of
selection from our perspective in the field, but it
is not just we who select those whom we choose
to train—it is also we (as a field and as individu-
als) being selected by those who wish to follow
our career path as one worth pursuing. (Ironically,
training and mentoring reflects this same dual-
ity—how many of us have learned from those we
train, and how often do we find that friendships
extend over decades as our students become our
teachers?!). In this chapter, we explore each ele-
ment: selection, training and mentoring from two
perspectives—ours as selectors, trainers and
mentors; and the professional literature on this
topic, as it relates to what future trainees are
looking for when they select training programs;
what they need in order to “train to competence”
in their respective fields; and how we can best
fulfill our roles as mentors for their future.

First, whom do we choose? How do we excite
the imagination and begin to fan the flames of
passion for those who want to share with us in
our extraordinary field? And how do we ensure
that those whom we select will help take our field
to new heights?

Current methods of selection (both for medi-
cal school and for residency training) seem to be
driven most by objective indices of perfor-
mance—primarily grades and performance on
standardized tests (such as MCATs, USMLE, and
In-Training Exams). Many medical schools and
residency programs are concerned that the stu-
dents they select perform well on standardized
exams. Ultimately, this will be important so that
the trainee can pass the exams required to become
board certified in their specialty. There are data
that link ability to perform well on board certify-
ing exams (or other standardized exams) to past
performance on standardized exams, such that
students with high scores on MCATs, USMLE,
or In-Training Exams (ITE) are most likely to
perform well on subsequent qualifying exams
[7-11]. No wonder these candidates seem to be
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most attractive to medical schools or training
programs. However, there is growing concern
that while they may perform well on standardized
exams, they may not have the qualities required
to succeed in some specialized fields of health-
care [12-14]—that is, a good test taker might
not become a great surgeon, anesthesiologist or
cardiologist. Furthermore, test taking ability
does not measure ability to communicate effec-
tively in complex teams, nor does it reflect on
decision making or physical performance under
stressful situations. A good test taker will, how-
ever, most likely be a good test taker and con-
tinue to pass qualifying exams. A poor test taker
of the USMLE exams may simply be someone
who would benefit from special supervision or
assistance [15].

There is increasing understanding that the
skill sets necessary for success are variable and
that good test taking only reflects one skill set—
although an important one, since good perfor-
mance on USMLE Step 1 and Step 2 is undeniably
related to mastery of applied basic and clinical
science knowledge. If program directors consider
a solid foundation in these domains to be impor-
tant measures of readiness for growth and devel-
opment during graduate medical education, then
it is reasonable for them to use USMLE scores as
a key factor in their consideration of applicants
[7, 16]. This emphasis on USMLE scores for
selection into residency programs, however,
neglects the numerous other talents and skills
required for expertise as a physician. Some cor-
relation studies have suggested that performance
on USMLE Step 2 (clinical science) is a better
predictor of success in residency than USMLE
Step 1 (basic science) [13], whereas other studies
have shown that Step 1 scores are only useful in
students who had prior clinical experience before
taking Step 1 [14]. Other studies have suggested
that the abilities that are not measured by USMLE
exams (such as self awareness, stress manage-
ment, leadership, humility, teamwork and other
“soft skills”” are most predictive of how a resident
will perform, particularly in interventional team
endeavors such as surgery [17]. Furthermore,
although gross motor skills do seem to correlate
with academic performance such as class rank
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and USMLE scores, fine motor dexterity—such
as that necessary for certain interventional pedi-
atric cardiac subspecialties—does not correlate
with academic performance or class rank [18].
The use of standardized scores as a predictor of
ultimate clinical performance for a physician and
as a professional has come under increasing scru-
tiny [19, 20]. Longitudinal studies document bet-
ter correlation between clinical performance and
non-standardized measures such as academic
performance on clinical clerkships [21], faculty
recommendations [19], election to AOA [21], and
numerous other factors related to performance
not currently measured by standardized exams
[8, 10, 11, 13, 14, 17-19, 22].

The selection of a candidate who will be suc-
cessful and who will both contribute to the pro-
fession, as well as receive a lifetime of joy and
stimulation from the profession is the goal of
every training program. Our expert survey pro-
vides significant insight into the factors that
might best predict success for those we choose.

Results

By the nature of the membership process, mem-
bers of the CHSS and ECHSA have achieved
excellence as both clinicians and scientists. For
this group, prior academic achievement seems to
be a hallmark—2/3 (66.2 %) responded that they
were in the top 10 % of their college (undergrad-
uate) class and 87.3 % were in the top 20 % of
their undergraduate class (Fig. 2.1).

This ability to perform well academically fol-
lowed them through medical school where
33.8 % were in the top 5 % of their medical
school class, over half (51.2 %) were in the top
10 % of their medical school class and 3 (76 %)
were in the top 25 % of their class (Fig. 2.2).

In fact, when ranking overall medical school per-
formance (grades, recommendations, test scores),
87.3 % were considered to be excellent students
(top 25 % of their medical school class) (Fig. 2.3).

For the most part, our responders were highly
regarded and successful students through college
and medical school. We suspect the same is true
for those who have become experts in cardiology,
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Fig.2.1 College grades for

My grades in college placed me in:

congenital heart surgeons

Top 20 % of class

Middle to slightly below
Middle to Bottom 25 % of class
slightly better

My grades in medical school placed me in the:

80 %
who are now members of the
CHSS (Congenital Heart
Surgeons Society) or
EACHS (European
Association of Congenital 60 %
Heart Surgeons)
40 %
20 %
0 %
Top 10 % of class
Fig.2.2 Medical School
grades and class rank for 359%
congenital heart surgeons
who are now members of the
CHSS or EACHS 30 %
25 %
20 %
15 %
10 %
5 O/O 1
0 % -

Top 10 % of the class

Top 5 % of the class

anesthesiology and critical care medicine. For
students trained in US medical schools, almost
half of our “experts” (45.3 %) were elected to the
Alpha Omega Alpha society.

Most of the respondents to this survey had been
in practice for over 11 years (84.5 %; and in fact,
40.8 % had been in practice for over 20 years).
Over half of today’s pediatric cardiac surgeons
(53.5 %) decided to pursue congenital heart

Top 50 % of the class Pass (we were

strictly pass/fail)

Top 25 % of the class Bottom 50 % of the class Other (please specify)

surgery as a career while they were in their surgi-
cal residency (Fig. 2.4). With diminished exposure
to cardiac surgery in today’s residency programs
(Wake Forest University, for example, as is true for
numerous other excellent general surgery training
programs, does not have general surgery residents
rotate onto cardiac surgery services) it may
become less likely that surgical residents will
become interested in (much less “enraptured by”)
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Fig.2.3 Overall perfor-
mance rank in medical

My OVERALL performance in medical school (grades, test scores, evaluations)

could be best characterized as:

50 %

school for congenital heart
surgeons who are now
members of the CHSS or
EACHS

Excellent (top
25 % of class)

Above average (top Average (around Below average (bottom
40 % of class) middle of class) 35 % of class)

| decided | wanted to be a pediatric heart surgeon

53.5 %

10 %+
0 %
Outstanding (top
5-10 % of class)
Fig.2.4 Time period when
congenital heart surgeons 60 %
who are now members of the
CHSS or EACHS decided
they wanted a career in
congenital heart surgery
40 %
20 %
40 %-
Before | went
to high school

cardiac surgery. Limited exposure to cardiac sur-
gery during residency, less contact with cardiac
surgical faculty mentors who can share their
excitement in cardiac surgery and a commitment
to mentoring interested residents, and emphasis on
the different skill sets of general versus cardiac
surgery will likely diminish this previously impor-
tant pool of residents who will choose to pursue
careers in cardiac surgery. Only one fourth (23.9 %)
of our respondents decided they wanted to be pedi-
atric heart surgeons in medical school, with

In high school

In medical school Other (please specify)

In college During surgical

residency

another 10 % deciding prior to attending medical
school (before high school—8.5 %; in high
school—1.4 %; in college—1.4 %).

As the exposure to cardiac surgery becomes
less available (at least in surgical residency), and
exposure to pediatric cardiac surgery becomes
less available during CT residency (most of those
in the 14.1 % “other” category decided on
pediatric cardiac surgery during their CT resi-
dency) our field may not be able to cultivate the
kind of excitement and allure—rapture—that
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was possible in the past; unless we change our
expectations of how and when we will attract
(and expose) our future colleagues.

With the emergence of a variety of chal-
lenges—economic limitations for personal reim-
bursement; competition amongst centers which
diminish individual case volumes; decreasing
jobs (at this time) for some specialties like pedi-
atric interventional cardiology and congenital
heart surgery; perceived competition between
pediatric and adult cardiologists as well as
between cardiologists and surgeons for certain
procedures; less (sometimes no) exposure to car-
diac surgery in many general surgery training
programs as well as limited exposure to cardiol-
ogy and cardiac critical care in even some of the
largest pediatric training programs; reluctance of
some general surgery program directors to train
individuals interested in cardiac surgery; and the
lifestyle attractions of alternative career choices—
it might be presumed that students in the top
20 % of their classes would not be attracted to a
career in pediatric cardiac specialties, and
requirements for additional training. But this
doesn’t take into account the power of rapture.

Educational programs have been changing. In
the US, integrated 6 year training programs (I-6) for
cardiac surgeons, which not only save time over the
traditional programs of general surgery followed by
cardiac surgery, but also offer more exposure to car-
diac and thoracic surgery to the interested residents
throughout the training years [23, 24], have become
extremely popular and are attracting highly success-
ful and talented students [25]. It appears (based on
our own experience) that extremely talented and
exceptional students are interested in and attracted
to a career in pediatric cardiac surgery, cardiology
and anesthesiology/critical care medicine, despite
the perceived challenges mentioned above. There
are still several who select this career path later in
training, so it will be valuable to maintain some tra-
ditional pathways [26].

Selection in a past era revolved around grades,
academic performance and an abundance of quali-
fied applicants. The applicant pools to the current
I-6 training programs demonstrate that there are
still numerous qualified applicants—in fact more
than there are current spots to accommodate them
[27]. The increased interest of outstanding and

qualified medical students to apply for integrated
training that can increase their exposure to cardiac
surgery is clear [25, 27]. If these opportunities are
not available to the medical school applicants, then
they might be forced to enter the alternative track of
general surgery training programs, which have
changed considerably in their content and exposure
to cardiac surgery, as well as in their attitudes
towards training prospective cardiac surgeons.
Although the data from our survey suggest many
trainees selected cardiac surgery through their
experiences while undertaking general surgery
residency, the enormous changes to general surgery
training, along with the lifestyle and demands of
additional training may make pursuing a cardiac
surgery career seem unattractive and undesirable
once general surgery training begins. The inte-
grated 6-year training programs provide a “pre-
emptive” invitation to enter training in our field.
Our options to deal with this challenge might
include a more active involvement in medical
school curricula, and encouragement of more pro-
grams to develop an integrated 6 year training
model (as well as support from the Residency
Review Committee (RRC) of the ACGME to
approve and encourage development of more of
these programs) [23], so that we can nurture the
interest of those who choose our field by being
involved with their training from the time they
choose it. It is not as likely that we will be part of
the types of surgical training curricula that will be
inviting and enticing to residents in general surgery
programs—they simply are not having the oppor-
tunities in the current programs to be exposed to,
much less encouraged to consider a career in, car-
diac surgery. Therefore, the previous conventional
pathway through general surgery may become less
optimal and conventional tracks to cardiac surgery
training may disappear, particularly as avenues for
the best, brightest and most highly motivated.
Given the multiple competing demands for resi-
dent’s time in pediatric training programs, even
some of the most competitive programs have lim-
ited exposure to subspecialties like cardiology (to as
little as a 1 month rotation over the 3 years of the
training program). A choice by a student to pursue a
career in pediatric cardiology or in cardiac anesthe-
siology/critical care requires selection to a pediatric
or anesthesiology training program, followed by
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Which of the following traits has been most valuable in helping you achieve success as a
pediatric heart surgeon? (select the ONE you feel has been most valuable)

Dexterity/
technical ability

Creativity

Visual perception

Resilience

Intelligence

Other (please specify)

Leadership

Integrity

Compassion

Stamina

T
5%

T
0 %

10 % 15 % 20 %

Fig.2.5 Importance of certain traits deemed by congenital heart surgeons who are now members of the CHSS or EACHS to
be valuable to success. The scale demonstrates a degree of importance with the longer bars being considered more valuable

selection into one or more specialty training fellow-
ships.. Recently, a combined pediatric and anesthe-
siology residency has been developed leading to
certification in both specialties. Entry into this type
of program involves early selection and may result
in development of novel skill sets and permit greater
exposure to pediatric cardiac and critical care [28].
Despite this novel integration of training, there are
currently no integrated training programs that can
“fast-track” the experience and provide increased
exposure to congenital heart care to the interested
trainee in these specialties. Some have argued that
pediatric cardiologists may not require three full
years of general pediatrics training to be an aca-
demic subspecialist cardiologist [29].

Another consideration in the selection process
is the identification of the qualities that are con-
sistent with success in the field of cardiac surgery
(and these can certainly be extrapolated to all

disciplines). When asked to choose from an exten-
sive list of traits that they felt were most correlated
with helping them become successful congenital
heart surgeons, the following traits were chosen
by more than 10 % of respondents—Dexterity/
technical ability (18.3 %); Creativity (16.9 %);
Resilience (15.5 %); Visual Perception (15.5 %)
and Intelligence (11.3 %) (Fig. 2.5). Many in the
“other” group mentioned persistence and commit-
ment—tenacity. As we talk to program directors,
many are focused on how to identify and cultivate
technical ability and dexterity. We find it fascinat-
ing that, on reflection, many of today’s most suc-
cessful surgeons feel that (while technical ability,
dexterity and visual perception are certainly impor-
tant) other traits such as resilience, creativity and
tenacity are also extremely valuable. How we iden-
tify and select for these traits may be important in
how we select those who will follow.
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If 1 were evaluating candidates for training, and could only select one feature,
it would be their:

Recommendations

Impression they make
in an interview

Other (please specify)

Scores on
standardized tests

Non-academic
achievements

Personal statement

Grades

Gender

Race

0% 10 %

20 %

30 % 40 % 50 %

Fig. 2.6 Factors considered to be most valuable when evaluating future congenital heart surgeons, as indicated by

surgeons who are now members of the CHSS or EACHS

When asked what factors were most useful in
evaluating applicants for training, responses were
fairly emphatic—evaluators were looking for pas-
sion (rapture), and this was often expressed (as they
indicated in separate comments) by “work ethic”,
resilience, perseverance, determination and moti-
vation to be a successful contributor to the field.

Evaluators were also looking beyond grades
and standardized test scores and numerous
responders indicated that they were looking for a
past history of success (31 %) and outstanding
personal values (29.6 %) demonstrated as: emo-
tional intelligence, humility, honesty and ability
to listen (also expressed directly as commentary).
The importance of this will be discussed in the
section under training, but it is clear that in choos-
ing those we wish to train, grades and test scores
are no longer adequate as a barometer. More and
more experts desire that the applicant possess
some cultivation of their personal growth. This is

consistent with the research of Goleman [30-32],
and others [17, 33-42], who have demonstrated
that emotional intelligence (driven by self-
awareness and self-management) correlates more
with long term success than intellectual intelli-
gence; and both are likely important and neces-
sary to be successful in the practice of high
quality pediatric cardiac surgery. Of the experts
surveyed, 0 % used grades to evaluate applicants
and only 2.8 % used standardized test scores to
guide their selection process. Many evaluators
believe that they can best assess for these addi-
tional qualities through recommendations
(47.9 % of responders—and even more so if the
recommendations were from people they knew
and trusted—stated most frequently in the “other”
responses) or by the impression that the candi-
date makes in an interview (38 %) (Fig. 2.6).

Of particular interest was that when asked
which quality (from a long list) (Fig. 2.7) was the
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Of all the attributes that distinguish me, the ONE of which | am most proud is:

My integrity

My creativity

My leadership ability

My technical
surgical ability

My compassion for
myself and for others

Other (please specify)

My attitude

My intelligence

My resilience

My stamina and energy

225 %

T
5%

T
0 %

10 %

15 % 20 % 25 %

Fig. 2.7 Attributes considered most distinguishing of them as surgeons by members of the CHSS or EACHS. The bars
demonstrate a scale of frequency, with the longer bars indicating a trait valued by the highest number of surgeons

ONE that they felt most distinguished them and
of which they were most proud, over half indi-
cated their integrity (22.5 %), their creativity
(16.9 %) or their leadership ability (11.3 %). No
other attributes (including technical abilities or
intelligence) were selected by more than 10 % of
responders (although compassion for families
and others was highly rated). Since these are
qualities that are difficult to measure outside of
an interview or a recommendation, it is not sur-
prising that these two factors (recommendations
and interviews) were rated so highly.

At this time, the majority of applicants for res-
idency training in cardiac surgery in the US are
coming through the traditional track of general
surgery, as opposed to an integrated 6-year (I-6)
training program. Therefore the applicant pool
for CT surgery is largely comprised of those who
enter general surgery training as a gateway to CT

training. An unintentional consequence of this is
that we are left to ultimately choose from appli-
cants who meet the criteria set forth by the gen-
eral surgery programs, which often rely heavily
on grades and standardized test scores. By virtue
of emphasizing different selection criteria, these
general surgery programs may be denying access
to the types of applicants who we might find most
attractive to select for training in cardiac surgery,
particularly pediatric cardiac surgery. This same
problem exists in many specialties. In anesthesi-
ology, residency selection has been highly corre-
lated with scores and grades [43]. Unfortunately,
academic endeavors such as research and publi-
cation history, which may be indicative of “work
ethic”, seem to have no significant influence.
Thus, exceptional candidates who could pos-
sibly be outstanding contributors to our field
might never have an opportunity to be selected,
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and they end up pursuing other career options. At
least one residency program has addressed this
by essentially making the interview process 24 h
including meals to permit further interrogation of
the “softer” qualities that may be valuable to the
success of our professions.

There is another side of selection, which
revolves around how we, as a profession, are
“chosen.” Excellent students are still attracted to
cardiac surgery (as well as to related fields in
cardiac care) and want us, as educational lead-
ers, to provide them with the kind of training
programs that will help them achieve their
dreams of contributing to and making our field
better. With the significant changes that are
occurring in general surgery residency training
programs (less exposure to cardiac and thoracic
surgery, diminished expressed enthusiasm for
cardiac and thoracic surgery as a career option—
some general surgery training programs are
actually disinclined to take residents with that
potential interest, and transition of training to
skills that are less comparable to the ones needed
for pediatric cardiac surgery in particular), we
can imagine that there will be declining interest
from general surgery residents to enter the field
of cardiac and thoracic surgery, much less pedi-
atric cardiac surgery. The same may likely be
happening in pediatrics and in anesthesiology,
where training in the field of eventual interest is
not available during the initial years of intern-
ship and residency. This in part is attributable to
the knowledge base and experience required to
achieve proficiency in the general principles of
each specialty and then the complexity of each
subspecialty area further limiting exposure.
Prospective candidates may simply become dis-
couraged by the layers that precede the exposure
to the training they really want, and in some
cases, may choose other fields entirely.

This will be a challenge that we will confront
in the future—how do we respond to a pool of
potential applicants to our profession that is cre-
ated by our lack of ability to provide them with
exposure to the fields they are most interested in?
Once an applicant chooses us, and we choose
them, our attention turns to how we can best train
them to become successful.

Training

Our ability to train our future has been signifi-
cantly influenced by changes imposed over the
past decade by the ACGME. Accredited training
in all specialties is now regulated by rigid duty
hour restrictions, which not only limit the num-
ber of hours that trainees can work per week,
but also regulate how much time they can spend
in the hospital on call and how much time they
are required to be off (and out of the hospital)
between shifts. Although the intent of this work
hour limitation is to create a more balanced,
healthy and productive health care worker; and
to limit errors related to fatigue and stress, the
ramifications on training have been enormous,
particularly in certain fields (such as surgery or
interventional cardiology) where hands-on expe-
rience is a vital component of excellence.

There are conflicting reports regarding the affect
of duty hour restriction on operative volume in surgi-
cal training programs, although for the most part,
surgical volumes have decreased in subspecialty
training programs [44-49]. Where operative surgical
volumes have been maintained, there is legitimate
concern that this has been at the expense of residents
sacrificing other important experiences, such as out-
patient clinic evaluation [49] for preoperative evalu-
ation or postoperative follow up of surgical patients,
as well as in-hospital care of convalescing patients
[50]. Nevertheless, surgical trainees report spending
less time in the operating room [44], and it is not
evident that there is less likelihood for medical errors
since the result of the duty-hour limitation is
increased transitions of care (or cross covering of
care), as well as a reduced sense of “ownership” by
trainees of the patients they are caring for [44]. In
some settings, such as the ICU, there is a national
perception of decreased patient safety [51].

Hospital systems have adapted by having much
of the work that used to be time consuming dele-
gated to other health care providers, and the multi-
disciplinary approach has now encouraged a more
collaborative team approach for sharing in the
work, with intensive care being provided by board
certified intensivists (instead of by surgeons), and
daily rounds being performed by cardiologists,
hospitalists or care extenders (such as nurse
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practitioners or physician assistants). Despite the
attempt to relieve the residents in training of this
“extra” work, many residents feel that their train-
ing experience is reduced and negatively affected
by the duty hour limitations. In national surveys of
both medical and surgical residents, the vast
majority report either no change or a decreased
quality of education after the most recent work
hour restrictions (centered on reducing duty hours
for interns) were released [52]. Although designed
to improve patient safety and decrease burnout,
this outcome has not been a clearly demonstrated
result from duty-hour limitation [44]. This in part
may be related to the multiple factors, besides
fatigue, that contribute to burnout such as emo-
tional well-being, job satisfaction and a sense that
the work is worthwhile, and a sense of being
needed—all of which might be negatively influ-
enced by duty hour limitations [44, 53-55].

All of this has resulted in a dilemma where some
residents feel compelled to “under report” their
actual hours (which results in a sacrifice of personal
integrity). Alternatively, the trainee can attempt to
strictly adhere to the rigid duty-hour limitations;
thereby missing what might be perceived as poten-
tially valuable experiences and occasionally upset-
ting faculty who they believe expect them to ignore
the rules (thus creating the message that “the rules
don’t apply to us”—which is a dangerous message).
Faculty are not entirely without accountability and
there are instances where the faculty has explicitly
sent this message to the trainee, giving them little
choice but to comply.

Concern over the consequences of duty hour
restriction was expressed in the open-ended
responses by some of our experts, such as this
very pointed statement:

While it goes against current residencies, I think

the “maximum exposure” by ridiculous overwork

for 2 or 3 years gave me the ability, experience, and
knowledge to have less bad patient outcomes in my
first 5 to 7 years of practice. To become an expert,
exposure is the most important thing, the less

exposure the more “on the job learning” which
translates to poorer patient outcomes.

Striking the ideal balance between enhancing
resident education and improving patient safety
will require continued efforts and creative moni-
toring of outcomes. Perhaps the balance will be
different among various sub-specialties that
require diverse skills and training. Regardless,
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there is extensive literature on work hours and
their relationship to human performance in health
care and other safety-sensitive industries and fur-
ther discussion is necessary on how exactly to
best apply this information to physician training
programs [56—63]. Ignoring the evidence about
the potentially deleterious effects of sleep depri-
vation, fatigue and stress on patient safety and
individual well-being is not prudent, and it may
simply be that we need to modify our training
programs in order to pack them with more of
the relevant work (which is being done in some
cases through the use of physician extenders),
or even to extend the duration of the programs,
if necessary, so that the trainee can complete
their training with a minimal level of compe-
tence (which is discussed more completely later
in this chapter).

Another major element introduced by the
ACGME as a part of the Outcomes project was
the introduction of six Core Competencies (medi-
cal knowledge, patient care, systems-based prac-
tice, practice based learning and improvement,
professionalism, and interpersonal and commu-
nication skills). These were introduced on the
basis of the reports of the Institute of Medicine
[64—67] which emphasized the need to create
quality in six domains which included healthcare
that is: patient-centered, efficient, effective, safe,
timely and equitable [65]. In order to achieve
this, the core competencies enveloped a variety
of skills that training programs became account-
able for teaching and evaluating. The implemen-
tation of competency awareness has been
perceived, in general to have improved care and
to have elevated training programs from “appren-
ticeships™ to more formal and structured educa-
tional programs designed to teach life skills.

The introduction of formal quality improve-
ment education into residency and fellowship
training (as a result of emphasizing systems-
based practice, professionalism, and practice-
based learning) has the potential to improve
outcomes for patients. Improving quality and
outcomes requires excellent technical results
from a surgery, accurate diagnosis, meticulous
pre and post-operative care to avoid iatrogenic
injury (such as central line infections or ventilator-
associated pneumonias), and careful outpatient
follow-up, particularly for the most vulnerable
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Please rate each quality in terms of importance for achieving excellence as a pediatric heart surgeon using
the following scale: 1 = Unimportant and not essential for achieving excellence as a surgeon
2 = Nice quality, but not essential for achieving excellence as a surgeon
3 = important and essential for achieving excellence as a surgeon

Competence
Spatial perception
Dexterity

Ability to create trust
Logical

Clear communicator
Big picure orientation
Pattern recognition
Self-awareness
Knows information
Courage
Imagination
Compassion
Present focused
Past awareness
Willing to take risks
Strategic thinking
Assertiveness
Humility

Empathy

Future focused
Perspective taking
Kindness

Good with math

1 1.5 2

Fig.2.8 Factors considered important in achieving excellence as a congenital heart surgeon, ranked by members of the
CHSS or EACHS. The longer the bar, the more important the trait

patient populations such as the interstage single
ventricle cohort. In other words, our outcomes
are the result of our entire system, not just a sin-
gle component. Training the next generation of
surgeons, anesthesiologists, intensivists and car-
diologists to examine care delivery systems and
processes and to participate in rapid cycle
improvement activities (related to systems-based,
not just individual case-based examples) will be
essential to improving the quality and outcomes
for patients with congenital heart disease.

The changes to duty hours and the incorpora-
tion of more broad-based training (through the
competencies) were created in an effort to not
only improve quality and outcomes for our
patients, but to also reduce stress, create more
balance and reduce burnout for healthcare pro-
viders. Burnout is becoming recognized as an
increasingly important factor in medicine that
can contribute to errors [68—71]. Most disturb-
ingly, from our own research (unpublished),

burnout seems to be prevalent in medical students
before they begin medical school, and increases
throughout the educational journey. Awareness
and recognition of burnout, and attempts to ame-
liorate it with programs designed to promote
wellness, may have an important place in our
future training programs.

In order to understand better how these changes
in our educational structure fit against the back-
drop of what our respondents felt was most valu-
able in their training, we asked pediatric cardiac
surgeons about a number of qualities and had
them evaluate whether or not they felt that these
qualities were important to their achieving suc-
cess. We believe that these data reflect the preva-
lent mindsets across our profession. The results
are shown in Fig. 2.8 ranked in descending levels
of importance.

We also inquired about whether or not they
received formal education in the qualities they
highlighted as important during their training.



22

R.M. Ungerleider et al.

| received FORMAL training (lectures, reading, courses) and evalution (grades
(summative) or feedback (formative)) in which of the following (use the following
scale): Y=Yes N=No
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Fig. 2.9 Colored bars indicate whether or not members
of the CHSS or EACHS received formal training in vari-
ous areas. The longer the blue bar, the fewer number of
surgeons who felt they were trained in the respective area.

The results are shown in Fig. 2.9, as stacked bars,
indicating the number who felt they had received
(orange) versus those who felt they did not
receive (blue) formal training in these qualities.

Qualities that were deemed essential by over
75 % of the responders included: competence
(meaning ability to perform a procedure without
supervision) (93.0 %); spatial perception (91.5 %);
dexterity (88.7 %); ability to create trust (83.1 %);
and ability to be logical (81.7 %).

Other qualities that were also deemed impor-
tant by over half the respondents were: clear
communication (70.4 %); big picture orienta-
tion (67.6 %); pattern recognition (67.6 %);
courage (66.2 %); self-awareness (66.2 %);
knowledge (66.2 %); imagination (63.4 %);
present focus (63.4 %); compassion (59.2 %);
willingness to take risks (57.7 %); and past
awareness (meaning ability to recall past events

N
o
(0]
o
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The data suggest that most formal training was provided
with math and knowledge-based information. There was
little training in courage, imagination, risk-taking, humil-
ity and kindness

in order to incorporate them into making deci-
sions for current events) (57.7 %).

Qualities that were felt to be “nice” but unnec-
essary to be successful as a pediatric cardiac sur-
geon (receiving votes from less than half the
respondents) included: strategic thinking (47.9 %);
assertiveness (46.5 %); future focus (42.3 %);
humility (40.8 %); perspective taking (39.4 %);
empathy (36.6 %); kindness (21.1 %); and being
good with math (5.6 %).

Even though considered important to suc-
cess, most surgeons did not receive formal train-
ing in ability to create trust, spatial perception,
or ability to be logical. None received training
in courage and very few in self-awareness,
empathy, imagination, risk taking, humility,
compassion, or other areas which we know to be
related to developing emotional intelligence
[30, 38, 72].
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Most acknowledged some training (as would
be expected) in math (although this was felt for
the most part to be unimportant and not essential
to their success), competence (ability to be self
sufficient) and knowledge of medical informa-
tion, as well as some training in communication
and strategic thinking.

The information from this survey indicates a
lack of alignment and connectedness between our
training programs and the skills/attributes that
will be most needed for ultimate success in our
field. Self-awareness and ability to create trust are
essential components for leadership and felt by
many [30, 31, 38, 40, 73-79] to be the most criti-
cal foundations for successful leaders to develop.
Our current training programs seem to emphasize
technical skills (dexterity, medical information
and “competence”—meaning the ability to do a
task without help). Although not part of a “clas-
sic” surgical training curriculum, each of the other
qualities listed have been associated with leader-
ship and success, and each can be taught (and
learned) [30, 33, 35, 36, 3840, 75, 76, 79-86].

It is also notable that current training pro-
grams have no formal training or education in
courage [87], imagination [83, 88-90], risk-
taking [76, 78, 91], compassion [79, 84, 92, 93],
perspective-taking [1, 41, 86, 94-96], pattern rec-
ognition, and many other qualities that can be
taught, learned and that are associated with lead-
ership and success [38, 40, 78, 82, 97, 98]. In
fact, when choosing what they believed was most
important for them to share with their colleagues,
the past presidents of our national cardiac surgery
organizations (American Association of Thoracic
Surgery, Society of Thoracic Surgeons, Southern
Thoracic Surgical Association, Western Thoracic
Surgical Association) have consistently selected
topics related to leadership, personal develop-
ment, courage, compassion and education [1, 87,
99-101]. At this sentinel moment in their careers,
these successful surgical leaders have determined
that emphasizing “non-technical skills” is the
message they wish to share with others.

Current training in pediatric cardiac surgery
has changed in the U.S. in the past several years.
As general surgery training programs have
created fewer opportunities for surgical residents

to work on cardiac services, and as the technical
components of general surgery have transitioned
more to video-assisted, robotic and other non-
invasive techniques versus open, hands-on proce-
dures that emphasize cutting and sewing, the
residents entering cardiothoracic fellowship pro-
grams are less prepared for the technical chal-
lenges of cardiac and especially, pediatric cardiac
surgery. Yet, these technical skills can certainly
be learned and mastered in time—as long as our
training programs change and adapt to the cur-
rent challenges.

The aspiring pediatric cardiac surgeon must
now complete an additional year of training follow-
ing successful completion of cardiothoracic sur-
gery training. This additional year of training must
be completed at an ACGME accredited program
for pediatric cardiac surgery training and these pro-
grams are subject to the same duty-hour restric-
tions that govern all ACGME accredited programs.
In addition, the aspiring trainee is required to per-
form a specific number and diversity of procedures,
show evidence of having received both summative
and formative education that is structured and spe-
cific to learning congenital heart surgery, and even-
tually (in order to become board certified) pass a
written and then an oral exam.

Many aspiring pediatric cardiologists are also
encouraged to complete additional training in the
current era. Advanced fellowships with specific
national recommendations for the training expe-
riences are available in a variety of subspecialties
within pediatric cardiology, such as interven-
tional cardiac catheterization, electrophysiology,
echocardiography and MRI, cardiac critical care,
and adult congenital heart disease. Unlike sur-
gery, however, at this time, there is no formal
exam or board certification (beyond general
board certification in cardiology) for any of these
subspecialties, although that may be looming on
the horizon. Likewise, there is additional training
available to those interested in pediatric cardiac
anesthesiology. Sub-specialty certification in
pediatric anesthesiology is beginning in 2013 and
requires 1 year training in an ACGME accredited
fellowship and then passing the subspecialty
board exam. The training in pediatric anesthesi-
ology does include training in management of



24

R.M. Ungerleider et al.

Fig.2.10 Length of time
after formal training that it

took for members of the 50 %

After my training, | believe it took me years to become a competent pediatric

heart surgeon

CHSS and EACHS to feel
“competent”

40 %
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0 %
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right after training

children with complex heart disease for cardiac
and non-cardiac procedures. However, at the
present there is no sub-specialty certification in
cardiac anesthesiology although fellowship train-
ing is recognized. Further training in pediatric
cardiac anesthesiology is available, although no
certification or accreditation process is in place.
Most pediatric cardiac surgeons consider
themselves to either be visual learners (39.4 %—
meaning they learn best by seeing or watching
someone do something) or experiential learners
(43.7 %-meaning they learn best by doing or
having an experience of what they are trying to
master). An important minority consider them-
selves to be perceptual learners (16.9 %—meaning
they learn best by reading, reflecting and then
using those processed thoughts to guide their
actions). There were no surgeons surveyed who
felt that they were auditory learners (learning
best by listening to a talk or hearing someone
describe how they do something). (A personal
survey of other specialties has revealed a higher
percentage of auditory learners, particularly in
more medically related fields). While a minority
of respondents felt that they were competent
pediatric heart surgeons immediately after their
training (11.3 %), the largest number felt that the
journey to competence after training takes an

4-6

7-10 >10

additional 4-6 years (43.7 %) and some felt that
it can take up to 10 years (15.5 %) (Fig. 2.10).
For the most part, congenital heart surgeons felt
that they continued to learn and develop after
their formal fellowship training was completed
(and many of these individuals trained in the era
before duty hour limitations). The same is true
for other congenital cardiac specialists such as
anesthesiology, and is likely also the case for
interventional cardiology, critical care, or imag-
ing disciplines.

While competence (ability to perform routine
tasks without supervision) is a likely end prod-
uct of formal training, extended time to achieve
expertise is more consistent with the information
on development of expertise requiring focused
or “deep” practice for a considerable number
(10,000 or more) of hours [37, 94, 102, 103].
It may be that our experts, when responding to
this question, had differing perspectives on how
they valued their abilities and what, for each of
them, constituted competence; with competence
for some equating with expertise. Regardless, it
is clear that the length of time spent in training is
not sufficient to enable attainment of expertise—
that takes sustained practice.

Defining stages or levels of competency may
be helpful. Competency is the ability to perform
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a certain task for a work situation without super-
vision, and to know when to ask for help. It is the
intent of most training programs that this is
achieved by the end of training. In anesthesia
training five stages of adult skill acquisition have
been applied: novice, entering training; advanced
beginner, at the end of first year of training; com-
petent, at the conclusion of training; proficient,
after being in practice 5 years; and expert, after
practice for 10-15 years [104]. Regardless, this
makes it clear that education and learning con-
tinue beyond training and are critically important
to attaining the highest degree of proficiency and
expertise in all possible scenarios regardless of
the discipline.

Lifelong learning itself is a topic that merits
discussion, since it is at the foundation of train-
ing. The environments that we create for training
will ultimately shape those who will become our
future educators and mentors.

It is ironic that most health care professionals
learned at Teaching Hospitals. Teaching evolves
from knowing and a desire to share with others
what you know. In 1998, Parker Palmer published
“The Courage to Teach” [105] and each year, the
ACGME (Accreditation Council for Graduate
Medical Education) bestows a Courage to Teach
award on some of the nation’s great teachers. All
of us recall our most influential and inspiring
teachers with fondness, admiration and gratitude.
We can also recall some of those teachers who
made our ignorance feel painful, shameful and
frightening. A “teacher” who contemptuously rep-
rimands a student for “not knowing” or worse, for
being “stupid, lazy and insulting their time” does
more damage than they likely can imagine. In her
work on learning, Carol Dweck [76] describes the
kind of attitudes that best correlate with perfor-
mance excellence, and not surprisingly, they are
not related to knowing the answers, but rather to
asking the questions, even when the answers seem
most elusive. This is why we believe it takes more
courage to learn than it does to teach [1]. Learning
requires that we accept the vulnerability [80, 106]
that accompanies “not knowing” and then embrace
a willingness to struggle—and possibly fail—
while we try to challenge ourselves (and others
who work with us, or who we train) to think

differently or to do things we (they) have never
done. We all walk because our parents likely cre-
ated for us an environment that invited learning.
You likely don’t remember for yourself, but think
of how babies learn to walk. When they fall, we
don’t criticize them for being a failure, or tell them
that they will never be successful at walking. It is
not likely that we compare them to a sibling who
was walking sooner and admonish them that they
should try to be more like that person. No. We
applaud, and smile and encourage them to try
again. Until they learn. And we share their joy in
accomplishment. What happens that we forget
how to do that in our teaching institutions? We
have created a culture that rewards “knowing”
(expertise) and we worry about what would hap-
pen to our patients if we weren’t experts. An invit-
ing reframe of that last statement is “What ‘could’
happen for our patients if we could let go of know-
ing and instead, keep wondering?”

It is unfortunate that we have created a culture
that demands perfection, because, in the words of
noted historian, Arthur Toynbee, “nothing fails
like success.” It is regrettable that we have been
taught that “if you want a job done right, do it
yourself” (ascribed to by 54.9 % of our surveyed
surgeons, in lieu of “if you want a job done right,
listen to ideas from others”), because this form of
contempt for how other’s might complete a task is
a powerful way to diminish innovation and prog-
ress. (The statement instead should be “if you
want a job done your way, do it yourself”). One of
the babies learning how to walk today will likely
set the future record for the 100-yard dash. One of
our struggling young students of today may be a
future leader in his or her field. But, only if we
find a way to invite them to learn. Which means
we have to find a way to be tolerant of their strug-
gles, encourage them to continue to think differ-
ently, and carefully craft an environment that is
safe and free from premature judgment.

In our recent survey of pediatric cardiac sur-
geons, 90 % of responders stated that they viewed
mistakes as inevitable and therefore accepted
them as opportunities to learn. (The small minor-
ity stated that mistakes are simply not acceptable
in cardiac surgery and therefore cannot be toler-
ated). What was particularly striking, however,
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was their response to the next question, which
was how they dealt with mistakes. Even though
most responders recognized mistakes as inevita-
ble, almost 2/3 (63.4 %) acknowledged that they
were “hard on themselves” because mistakes are
not tolerable. Only 36.6 % were able to view
themselves with compassion as learners. And if
the majority of our experts are hard on them-
selves when they make a mistake, how do we
imagine they would treat a trainee?

What makes this even more remarkable is that
when asked which teachers (mentors) left them
with the most valuable lessons, the majority
(76.1 %) remembered them as the ones who were
supportive and nurturing—not critical and hard
(see comments in section on mentoring). These
numbers are compelling, and not surprising. We
know we might make mistakes, and we appreci-
ate it when someone supports and nurtures us as
we learn, but we have created a cultural belief
that we have to be hard on ourselves. This
response from our group of professionals is not
unusual and, in fact, has been recently validated
as a common norm in many professions by
research published from the Harvard Business
School [107]. It seems that professional cultural
norms in our society are to be hard on (critical of)
one’s-self, while simultaneously appreciating
and desiring to be surrounded by those who are
tolerant and nurturing of us when we err [108].

Why would we treat ourselves differently than
how we wish to be treated by others? Our role as
teachers (and potential mentors—addressed in
the next section) makes it imperative that we rec-
ognize the incongruence behind how we want to
have compassion for (and from) others, but not
from within and for ourselves.

Our demand for perfection stems from the
high stakes of what we do—taking care of
patients with life threatening illnesses—and from
our hope that all patients will survive to have a
normal life [72]. Unfortunately, this demand for
perfection—at all costs—is perpetuated by our
cultural belief that errors are not tolerable—that
they make us imperfect and unacceptable.
Although it would seem nice to be perfect, per-
fection is an unachievable goal (since perfection
is a moving target in complex adaptive systems)
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and it is unlikely to be achieved in our profes-
sion—particularly for those who cannot admit to,
much less forgive themselves for error (as the
work of Carol Dweck, cited below, emphasizes).
For some, this intent to be “perfect” gets entan-
gled with their own sense of worth and esteem—
more important than the patient doing well is
how they are thought of by their peers and there-
fore they can only be valued if all their patients
survive and their peers (many of whom barely
know them and have likely never worked with
them) believe they are exceptional. This phenom-
enon in the marketing world is termed “percep-
tion management” and it revolves around creating
an illusion that becomes the accepted reality. The
belief that there is a “solution set” that will
always create a successful outcome is not realis-
tic in complex biological systems, in which no
two patients or defects are exactly alike. Although
mechanical systems are expected to perform in a
consistently reliable and predictable fashion [65,
72], biologic systems do not behave this way.
That is why there is an occasional mortality after
ASD closure or why some patients develop early
pulmonary hypertension from lesions that should
be safe to follow. Unfortunately, when perfection
is not possible, the delusion that it is achievable
can lead to dashed expectations, disappointment
and a “culture of blame.” [74, 109] As trainers
(and potential mentors), we have the power to
transform our culture to one of curiosity (rather
than blame), by modeling how we can explore
(with compassion, openness and non-judgment)
the creative potential that errors and failure (even
when not associated with an error) have for help-
ing us learn; and in the process of learning, truly
enjoy our lifelong growth as students, as healers
and as professionals.

Another unintended consequence of the striv-
ing for perfection is the lack of forgiveness for
oneself and for others when the results aren’t per-
fect. The research on self-compassion [84, 85,
92, 93] has been impressive. The ability to have
compassion for oneself is directly and positively
linked to the ability to learn and to the ability to
be resilient and cope with difficulties [42]. (No
wonder many of our surgical experts indicated
resilience as the quality that was most important
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to their success). When contrasting high self-
esteem with or without self-compassion, there is
a distinct difference. Self esteem without self-
awareness and self-compassion (recognition and
acceptance that we all have experiences of disap-
pointment and failure—that the self is imperfect
and still deserves kindness) is often associated
with grandiosity and failure to acknowledge what
is “real”—a potentially dangerous trait in a car-
diac surgeon, cardiologist or anesthesiologist.
[84] When self-esteem is tempered by awareness
of limitations, and associated with the ability to
be compassionate towards oneself, this can lead
to more genuine (less grandiose) self esteem that
is more appropriate because it is related to the
ability to hear feedback (without defensiveness),
while still maintaining kindness towards oneself
as a learner [84]. This is the challenge for us as
lifelong learners—to accept that we are learners,
meaning there will be times we “don’t know” and
have to “struggle” as we try to do new things or
think in new ways [1]. A system that insists on
perfection makes it very dangerous to be a
learner, and ultimately, limits our ability to pro-
vide best practice.

Carol Dweck a psychologist from Stanford
who has spent decades studying the learning pro-
cess, has arrived at the conclusion that one of the
crucial ingredients of success is the ability to
learn from mistakes. Her work is thoughtfully
cited by Jonah Lehrer in his book “How we
Decide” [110] in explaining the neurobiology of
learning.

Lehrer writes about Dweck’s most famous,
and for many, most poignant study. It was con-
ducted in twelve different New York City schools
and involved more than four hundred fifth grad-
ers. One at a time, the kids were removed from
class and given a relatively easy test consisting of
non-verbal puzzles. After the child finished the
test, Dr. Dweck and her researchers told the stu-
dent his or her score and provided a single
sentence of praise. Half the kids were praised for
their intelligence. “You must be smart at this.”
The other students were praised for their effort:
“you must have worked really hard.”

The students were then allowed to choose
between two different subsequent tests. The first

choice was described as a more difficult set of
puzzles, but the kids were told that they’d learn a
lot from attempting it. The other option was an
easy test; similar to the test they’d just taken.

When Dweck was designing this experiment,
she’d expected the different forms of praise to
have a rather modest effect. After all, it was just
one sentence. The results of her intervention are
described below. Imagine, if a single sentence
has the power to create these outcomes, what
might result from a pervasive attitude in a system
where the sentence is expressed as a cultural
value?

Of the group of kids that had been praised for
their efforts, 90 % chose the harder set of puzzles.
However, of the kids that were praised for their
intelligence, most went for the easier test. If we
do what works because we think it makes us look
good—if we aren’t willing to risk failure or
struggle as the condition of learning, then we are
doomed to stop learning, growing and improving.
We get stuck. There are surgeons who tout them-
selves as experts, yet they are reluctant to offer
new procedures to their patients and simply state:
“I don’t do that operation.”

I myself (RMU) used to criticize the Ross proce-
dure in the 1980’s. I rationalized that it was a bad
operation (“risk for two valve disease, etc.”) and
encouraged patients to avoid it. What I really
meant was that “I didn’t know how to do the opera-
tion and it scared me to try it”, so I had to find a
way to rationalize why I didn’t offer it. Fortunately,
at the time I was also learning about fixed vs.
growth mindsets [76] and beginning to understand
how to find the courage to try and master new
things, even when that contributed to some out-
comes that were initially “less than perfect.”

This is similar to the transition that occurred in
pediatric cardiac surgery when transitioning from
the atrial switch to the arterial switch procedures.
Surgeons had to be courageous enough to learn a
new technique, even though the previous one
seemed to work well, because there was likelihood
that the new technique might be better. Learners
recognize that they need to continue to invite the
“discomfort” of not knowing and of having to
adopt something new if they are to keep current.
The arterial switch is now a standard procedure for
infants with transposition of the great arteries and
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the Ross operation seems to have considerable
benefits compared to other valve replacement pro-
cedures for children [111-113]. Without “inviting
learning” we won’t have progress, whether it is
new technology or new solutions (such as new
operations or strategies). We are unlikely to
develop the skills and experience necessary to deal
with challenging new problems if we continually
choose the “solutions” that are comfortable in
order to feel better about ourselves.

When we are taught to fear failure, we sup-
press learning. The question for our training pro-
grams—each of them—is how do they handle
failure? What happens to people who fail? Are
they applauded for their efforts and encouraged
to learn what they need to succeed, or are they
admonished, punished, dismissed or ridiculed?
Which kind of training program do you think
would bring out the best in you?

Dweck went on to study this further. She gave
the same fifth graders yet another test. This test
was designed to be extremely difficult—it was
originally written for eighth graders—but Dweck
wanted to see how the kids would respond to the
challenge. The students who had been praised for
their efforts in the initial test worked hard at figur-
ing out the puzzles. “They got very involved,’
Dweck says. “Many of them remarked, unpro-
voked, ‘this is my favorite test.”” Kids that had ini-
tially been praised for their smarts, on the other
hand, were easily discouraged. They viewed their
inevitable mistakes as signs of failure: perhaps
they really weren’t smart after all. After taking this
difficult test, the two groups of students were
asked to choose between looking at the exams of
kids who did worse than them or looking at the
exams of those who did better. Students praised for
their intelligence almost invariably chose to bol-
ster their self-esteem by comparing themselves
with students who had performed worse on the
test. In contrast, kids praised for their hard work
were more interested in the higher-scoring exams.
They wanted to understand their mistakes, to learn
from their errors, to figure out how to do better.

The final round of tests was the same difficulty
level as the initial test. Nevertheless, students who
had been praised for their efforts exhibited signifi-
cant improvement, raising their average score by
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30 %. Because these kids were willing to chal-
lenge themselves, even if it meant failing at first,
they ended up performing at a much higher level.
This result was even more impressive when com-
pared with students who’d been randomly
assigned to the “smart” group; they saw their
scores drop by an average of nearly 20 %. The
experience of failure had been so discouraging for
the “smart” kids that they actually regressed.

The problem with emphasizing “smart” (or
natural, gifted talent) is that it misrepresents the
neural reality of education, learning and develop-
ment of expert skills [37, 102, 103, 110]. When
neurons in a circuit become repeatedly activated,
the oligodendrocytes and astrocytes (the support-
ive glial cells) sense that firing and wrap myelin
around the interconnected neuronal circuit [41].
Myelin can increase conduction speed by 100
times. And while all neurons need to rest after
firing, myelin can reduce that refractory period
(resting time) by 30 times. The end result is that
if we train well (and repeatedly) our learned
(myelinated) circuits will function 3,000 times
faster than untrained (unmyelinated) circuits
[41]. “Skill is myelin insulation that wraps neural
circuits and that grows according to certain sig-
nals” [37]. “Things that appear to be obstacles
turn out to be desirable in the long haul.”

Spending hours training and learning is not
sufficient. Research is clear that the training
needs to be specific, focused and “deep.” “Deep
practice feels a bit like exploring a dark and unfa-
miliar room. You start slowly, you bump into fur-
niture, stop, think, and start again. Slowly, and a
little painfully, you explore the space over and
over, attending to errors, extending your reach
into the room a bit farther each time, building a
mental map until you can move through it quickly
and intuitively” [37]. The essence of deep prac-
tice is to immerse yourself in an experience. In
skill development, “by trying hard to do things
you can barely do, in deep practice—then your
skill circuits will respond by getting faster and
more accurate” [37]. This process can be
enhanced by a guide (mentor), but can only be
learned by actual, repeated “doing.”

Struggle is not optional—it is biologically
required. In order to get your skill circuit to fire
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optimally, you must by definition fire the circuit
suboptimally; you must make mistakes and pay
attention to those mistakes; you must teach your
circuit. You must also keep firing that circuit—
practicing, in order to keep myelin functioning
properly. After all, myelin is living tissue. “Deep
practice is built on a paradox: struggling in cer-
tain targeted ways—allowing yourself to make
mistakes, (and having compassion for yourself—
and others—as learners) to seem stupid—makes
you smarter.

Emphasizing smart over continual training
and learning encourages avoidance of the most
useful learning activities, which is learning from
mistakes. In medicine, this may be avoidance of
doing the procedure we are uncertain of—staying
safe doing what we know—even when the more
risky procedure may be better for the long term
benefit of the patient. It may manifest, as it did in
the group of “smart” kids by choosing to com-
pare our programs to those that are worse, per-
haps using a non-valid criteria that favors us, in
order to make us feel better. Perhaps this is
accomplished by avoiding difficult cases (com-
plex puzzles) or by doing less risky, although
possibly less optimal procedures. Anything to
convince ourselves and those who might judge us
that we are “smart.”

Leaders for creating the training programs for
the future MUST create environments where it is
safe for learners to struggle as they try new
things, even if there is the price of occasional fail-
ure. This invites the use of more simulation, but
also more tolerance, patience and presence [41,
114] by the trainers during actual cases in order
to help keep the learner (and the patient) safe. In
systems where leaders respond like the fifth grad-
ers who wanted to be validated, failure is feared
and the eventual outcome is regression. There is
no shortcut for this painstaking process.

Our data suggest four important recommenda-
tions for training.

The first is that surgical (and possibly inter-
ventional or anesthesia) training programs will
do better by emphasizing time in the Operating
Room for both visual and experiential learning,
and that time for reading should be valued and
supported. Lectures and didactic sessions, while

a mainstay in our current training programs, may
have less value, unless they are integrated into
some form of other learning style (for example,
case-based or systems-based learning through
presentation by a trainee based on their read-
ing—for perceptual learning; or based on their
experience watching or doing a procedure—for
visual or experiential learners). The act of the
trainee personally presenting information may
help them to myelinate learning circuits more
effectively than simply listening to information
presented by another.

Secondly, our surgical experts valued experi-
ences where they felt nurtured and supported,
despite a cultural tendency for self-criticism and
intolerance of errors. Data on learning and ulti-
mate success validates the importance of creating
a model for self-compassion, acceptance of
struggle and willingness to try and conquer new
things (even when these new things might be dif-
ficult and challenging). In order to provide this
type of training environment, faculty need per-
mission to spend time in the OR helping guide
the young learner, and it is incumbent on all of us
to design ways to do this in our current organiza-
tional climates that emphasize operational effi-
ciency, maximizing RVUs and intolerance of
struggle (when struggling creates delays and
potential for error). Additionally, use of simula-
tion through case-based scenarios may play a
role in accelerating experiential learning and pro-
ficiency by permitting discussion, evaluation, and
debriefing in a trusting, non-threatening environ-
ment with no patient at risk.

In light of this altered concept of learning (as
a process that requires courage and willingness to
struggle), it would be helpful to create formal
training in many of the qualities that our surgical
experts felt were important or essential (qualities
which are also supported as such by extensive lit-
erature) and which are currently not taught in our
training programs. These qualities, can be taught
and learned and might be best done through a
series of reflective exercises, through carefully
assigned reading related to personal development
and through formative coaching that emphasizes
the development of these attributes as a part of
experiential learning.
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Finally, our data demonstrate that “training
to competence” extends beyond the formal
residency-training period, and therefore, the
period following formal fellowship training is
critical for success. This also implies that certifi-
cation of competence in pediatric cardiac special-
ties might be best “postponed” for a variable
period of time following formal training until
certain criteria are met that are more indicative
that competence has been achieved, with compe-
tence including development of the attributes and
qualities noted by our experts as important—
qualities like resilience, self-awareness, integrity
(self honesty), humility, courage and self com-
passion, recognizing that at this time there are no
metrics to measure achievement of these quali-
ties. The duration of the “time until competent”
might actually increase in the era of duty hour
restrictions, simply because of the reduced expe-
rience that our trainees will acquire before taking
their first faculty/attending position. Therefore,
mentoring (as discussed in the next section of this
chapter) may play an even larger and more criti-
cal role in the future as training extends beyond
the accredited training period.

Mentoring

The increasing complexity of congenital heart
disease, the high stakes involved with decisions
and performance, combined with the external
demands on us as professionals (financial, social,
relational) can lead to higher levels of stress—
which can be experienced as both job and life
related stress. All forms of stress, including the
stress that is “job-related,” have been linked to
failing individual health and illness [115],
decreased individual performance [116, 117],
There is a growing body of evidence that when a
young learner develops a relationship with a
mentor, they experience decreased stress,
improved performance and ultimately better per-
sonal and professional relationships.

Mentor was an Ithacan noble in Homer’s
Odyssey. He was a wise counselor for his friend
Ulysses and was entrusted with the care, educa-
tion and protection of Ulysses’ son, Telemachus.
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Today, the term mentor generally indicates
teacher, adviser, sponsor, counselor and role
model. It likely is much more than that, with
the whole becoming more than the sum of the
parts. Mentoring creates a “powerful emotional
interaction between (generally) an older and
a younger person, in a relationship in which
the older mentor is trusted, loving, and experi-
enced in the guidance of the younger” [118].
Performed in accordance with this ideal, men-
toring can create a resonant bond between the
mentor and the mentee that reflects extraordinary
and primal leadership [97]. Although there are
certainly important similarities between lead-
ership and mentoring (and some individuals in
our field perform dual functions in this regard),
there is an important distinction between lead-
ership and mentorship. Whereas leaders are
“creators and manipulators of culture,” [119]
mentors are “transfer agents of culture” [120].
Leadership involves a performance-oriented
influence process, whereas mentoring involves a
long-term role-model relationship that is primar-
ily career and development-oriented [121, 122].
Leadership is typically a single leader influenc-
ing one or more followers, whereas mentoring
usually involves one mentor and one protégé' (or
mentee). Leadership may utilize a more formal,
overt, and direct influence process, while mentor-
ing may create a more informal, subtle, and indi-
rect process of influence [123]. Not all effective
and experienced leaders become effective men-
tors [122]. Some leader behaviors are primarily
task-oriented (such as planning and organizing,
problem solving, clarifying roles and objectives,
monitoring), whereas others are more relation-
ship oriented (such as supporting, developing,
networking and recognizing). Some leaders per-
form task functions better than they do relation-
ship functions, but good mentors must perform
relationship functions. Only those leaders who

'"The term protégé appears in the literature on mentoring,
but seems to indicate an apprenticeship model where suc-
cession is handed to those who follow. We prefer the term
mentee, since it more accurately implies the extended
connection between an academic medical mentor and the
younger students whose careers they influence, regardless
of where those career paths lead.
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excel at both task and relationship functions turn
out to become great mentors.

Mentors perform both career and psychoso-
cial functions. Career functions include sponsor-
ship, exposure and visibility, coaching, protection,
provision of challenging assignments (cases),
and transmission of applied professional ethics.
Psychosocial functions serve to enhance the
mentee’s sense of competence, identity and
work-role effectiveness—essentially self-esteem
or self-efficacy. In order to provide these psycho-
social benefits, successful mentors provide role
modeling, acceptance and confirmation, counsel-
ing and friendship (mutuality). Skillful mentors
seamlessly blend these functions in their work
with their protégés [124, 125].

Informal mentorships (those that develop
spontaneously, without formal assignment by a
third party) are considered by both mentors and
mentees as being more effective and meaningful
than formal (assigned) mentorships [126]. Most
agree that mentorships in professional training
should be facilitated rather than assigned.

Ideal mentors seem to exhibit specific personal-
ity characteristics and interpersonal traits that
enhance their effectiveness. In terms of personal-
ity, desirable mentors are intelligent, caring, and
appropriately humorous. The are flexible, empathic
and patient. In addition, they are interpersonally
supportive, encouraging and poised. They appear
to exude “emotional intelligence.” This is not at all
surprising considering the fragile nature of learn-
ing (described in the previous section) and how it
can be best nurtured and supported. Highly rated
mentors also seem to be ethical, psychologically
well-adjusted, and well-known as scholars and
professionals. In essence, excellent mentors are
kind, healthy and competent [118].

In a training environment, the “benefits to the
mentee can be so valuable that identification with
a mentor should be considered a major develop-
mental task of the early career” [127]. These ben-
efits include development of professional skills,
enhancement of confidence and professional
identity, scholarly productivity, enhanced net-
working, successful accomplishment of training
goals, and overall satisfaction of the training pro-
gram. Harder to measure, but perhaps most

significant for the mentee who has had an effec-
tive mentor is their perceived “support, encour-
agement and blessing for their journey that leads
to the ‘realization of their dream” [128]. Mentors
also benefit from the relationship with enhanced
career satisfaction, rejuvenation of creative
energy, and a sense of generativity [128].

As we look towards the future of our profes-
sion, the role of mentoring is critical. This is well
recognized by our experts. Along with getting a
good education and having natural ability for
their profession, almost half of today’s successful
pediatric cardiac surgeons (42.3 %) felt that most
contributory to their success was the involvement
of a good mentor.

This is not surprising and is a theme that dates
back to a time when stories were passed down as
narratives. Each of us is on our own “hero’s jour-
ney” [1, 78, 114, 129-132] which traces our path
through the chapters of our lives. For each of us,
the journey requires a period of searching and
training (which includes connecting to our own
best pieces), followed by a period of accomplish-
ing and succeeding (as we become comfortable
and confident with the competent best parts of
who we are and what we can offer) and finally
ends with enlightenment, transformation and sat-
isfaction that we have achieved our goals
(although these goals may be different than the
ones we often set out to attain!) [1]. Along this
journey, we find many who choose to help us on
our quest, and we accept their help because they
have something important to share with us. Some
of those who choose to help us become valued
guides whose wisdom and advice we gladly seek
and whose influence on us becomes indelible.
These mentors can take on many forms. When
asked about the importance of various people as
mentors in their lives, our experts told us that
they included parents, family, spouses and col-
leagues as well as those assigned to formally
train us (Fig. 2.11). Others included non-surgical
colleagues (such as cardiologists) and even
friends and roommates from college. There are so
many opportunities to find influence in our lives
when we are open to accepting it.

Ultimately, the bond between a mentor and a
mentee is mutual and profound. It most often
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My primary mentor(s) have been (rank according to following scale): 1 = Very little influence
2 = Some influence 3 = Major and significant influence

Surgical chief
who trained me

Faculty surgeon(s)
who trained me

Colleagues or partners

My parents

Fictional characters
who | wish to be like

Other family members

Spouse Historical Figures
who | admire or

wish to be like

Fig. 2.11 Figure demonstrates that mentoring can come from many sources. Height of bars shows frequency that
members of the CHSS or EACHS found mentors from the listed sources

develops over time and is based on shared invest-
ment in what each has to offer to the other. For the
mentor, it usually includes genuine caring and con-
cern for the mentee, but it requires much more than
that to be significant. In the best circumstances, the
mentor is attuned to and resonates with the men-
tee—and the mentee can sense this. They feel “got-
ten.” Most importantly, the mentor accepts the
learner where they are, without judgment or con-
tempt, and the mentee can sense this [133]. As
stated by one of our experts, when describing how
a successful mentor should engage a learner:

I do believe that the student should be encouraged
to surpass the teacher.

Mentors attune, genuinely care, join the learner
where they are and teach them how to be better.
They do this by setting an example, and also by
nurturing, praising and constantly allowing the

learner to “work very hard at this” [76]. Mentors
are patient with the process of myelination.

The importance of the mentor in creating (and
transferring) a culture that nurtures a learner was
expressed by one respondent to the survey (cru-
cial identifying information deleted with editing
to create anonymity):

The attitudes of surgeon X as a teacher and surgeon
Y respectively created an entirely different experi-
ence for me: 1) If, during an operation, surgeon X
was irritated by an assistant doctor he did not like
or esteem, he would not react as many of us and
shout at him but rather very kindly address the per-
son saying “why don’t you go to the other side of
the table, you will see much better”... 2) If, when
surgeon X was on call, I needed to phone him at
home at three o’clock in the morning, he (regard-
less of his age of 65) would come into the hospital
to give advice or help. If an operation had to be
done, surgeon X would assist the resident irrespec-
tive of him missing sleep. 3) Surgeon Y was much
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| feel that each of the traits listed was modeled for me by my mentor(s) (use the following scale):
1 =Not at all, or in a negative way 2 = To a minor degree and i had to learn more of this on my own
3 = Significantly and | can tell stories of when i observed this

Competence
Dexterity

Knows information
Logical

Courage

Ability to create trust
Imagination

Willing to take risks
Present focused

Big picture orientation
Past awareness
Clear communicator
Spatial perception
Strategic thinking
Assertiveness
Pattern recognition
Perspective taking
Compassion

Future focused
Kindness

Empathy

Humility
Self-awareness
Good with math

0 0.5 1

Fig. 2.12 Bar graph shows the likelihood of receiving
training in a variety of areas from mentors, as perceived
by members of the CHSS or EACHS. The length of the
bar correlates with the likelihood that mentors provided

less valuable in my training: He was known for his

unpleasant manner to the poor guy who had the
pleasure to assist him.

In order to mentor well, a mentor needs to
have achieved growth in many of the areas
described as important to success as a pediatric
heart surgeon, but which are ironically currently
not formally taught in training programs [133].
This was indicated by our experts who responded
to our survey (Fig. 2.12).

When these responses are compared to the
information in Fig. 2.9, it is reassuring that
qualities deemed essential for success in pediat-
ric cardiac surgery and related specialties, but
for which there is no formal educational pro-
cess, are modeled by mentors; particularly qual-
ities such as courage, ability to create trust,

|
|
1.5 2 25 3

this training. As opposed to formal training, it is more
likely to receive training in courage, imagination and
risk-taking from mentors. Humility and kindness still
rank low on this scale

imagination and willingness to take risks (will-
ingness to learn). In this sense, our education to
competence (and beyond) requires mentoring to
fill in the gaps that left by our current educa-
tional programs [133].

This was particularly emphasized by one
respondent, who replied, in ALL CAPS:

HAVING A MENTOR OR MENTORS IS

ESSENTIAL TO BE A SUCCESSFUL PEDS

HEART SURGEON. I DON’T THINK YOU CAN
DO IT WELL WITHOUT ONE.

For a mentee to become receptive to a mentor,
the most critical underlying condition is trust
[77]. The mentee needs to feel safe—that they
can expose themselves authentically and openly
in the presence of their mentor, without fear for
ridicule, dismissal or criticism—including all
their inadequacies and imperfections [80]. It is no
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surprise that mentors generally scored high
(Fig. 2.12) in demonstrating the quality of trust.
Trust in a training environment is a very fragile
and critical component to make it safe to be a
learner [134]. For the mentor/mentee relationship
to thrive necessitates that the mentee has
achieved enough personal growth to be able to
distinguish between shame and regret [106]. If
the learner has a tendency towards shame (for
example, they view their struggles as evidence
that they are a “bad surgeon, cardiologist, inten-
sivist,” etc.) then they may try to withhold evi-
dence of these inabilities, or feel embarrassed
by them, and resist coaching and guidance from
a would be mentor. If instead, the learner is able
to understand their limitations with regret (for
example, even though they are struggling, they
accept that they are a good surgeon, cardiolo-
gist, intensivist, etc. who is simply learning and
the more they learn the better they will become)
then they will be more likely to accept influence
from a mentor.

In the most successful mentor/mentee rela-
tionships, the mentee ultimately becomes a
teacher and the mentor a grateful recipient of
what can be learned from their new colleague.
The relationship is never unequal—it is always
shared. There are times that the learner and
teacher roles reverse, but there are never times of
diminished mutual caring, concern and love.

One of our experts noted that there are also
negative mentors:

I had both positive and negative mentors. A par-

ticularly bothersome realization that I have had is

that I have developed some of the traits that were
negatively modeled for me, even though I recog-

nized at the time that I was observing them that
they were negative behaviors.

We are not sure we would call these negative
role models “mentors”, since they likely lacked
genuine caring or the ability to create a safe envi-
ronment for learning, but they are teachers and as
such, we do learn from them. It is important to
recognize that we can learn a lot about what is
important to us from negative experiences, just as
we can from positive experiences, and when we
can internalize the difference in our own behav-
iors or how we wish to be from how we are in the
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moment—when we can begin to get in touch
with our own internal gyroscope or “true North”,
then we may be on the threshold of identifying
those mentors who can help take us to “the next
level.” One respondent stated:
A transformational moment for me was when I
walked out of my operating room one day after a
“successful” case, but one in which I felt scared,
and during which I was pretty tough on my team
members. I remember feeling “icky.” I might have
been successful as a surgeon, but I was becoming
unsuccessful as a person, and if this was the only
way to be a pediatric heart surgeon, then I wasn’t
sure | had the stomach for it. I knew then that I had
a lot to learn besides technical surgery. Thank
goodness I was then able to find some extraordi-
nary mentors who I still think about to this day.
They taught me how to be as a surgeon, not just
how to be a surgeon.

Mentoring completes the training process, and
it is a never-ending process. Our journey begins
with selection, proceeds through training, and
includes (fortunately), some very important men-
tors. Ultimately, if we are fortunate, we become
mentors for those who follow. It is appropriate,
natural and transformative.

Conclusions
We are like the boys in the parable at the
beginning of this chapter. We cradle our frag-
ile profession in our hands and in this text-
book, we present it as a vibrant, living entity
that is ready to take flight. Our outcomes are
the best they have ever been, thanks to multi-
disciplinary team collaboration, incredible
advances in technology, and the extraordinary
people who comprise our teams—each bring-
ing expertise, commitment and passion for
excellence.

Poised and ready to join us, is our future.

Can we create and nurture the passion and
commitment of those who will follow? Can
we teach them how to have the courage and
the compassion to learn? And can we model
for them the traits that ultimately characterize
what we now know are important in order for
them to lead and succeed?

Will our field continue to thrive, or will it
languish? It is, after all, in our hands.
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Abstract

The healthcare delivery system is overly complex, impersonal and ineffi-
cient. Stakeholders are searching for effective remedies to ensure and
enable that high quality care is readily available to all no matter their socio-
economic standing and their location. High-performing healthcare organi-
zations differentiate themselves by focusing relentlessly and continuously
on process-improvement initiatives to advance patient care. Continuous
quality improvement offers a powerful way of thinking about how to trans-
form clinical operations and healthcare teams to this end. Quality improve-
ment methods are ideally suited for applications in complex cardiac care.
In particular, we find five quality improvement tools—checklists, process
maps, Ishikawa diagrams, run charts, and control charts—most relevant to
improving the process and outcomes of pediatric cardiac care. The tools
help visualize, analyze, and track process and outcome data for both indi-
vidual and groups of patients. These tools should be taught to healthcare
providers and managers and should routinely be deployed by clinicians
and healthcare systems to evaluate and improve care.
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method. It offers an approach, a set of tools, and
a way of thinking about how to more effectively
assess and study clinical flow and operations to
achieve better results for patients, providers and
healthcare delivery systems [1].
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The evolution of CQI in heath care may
be traced to the pioneering work of Florence
Nightingale in 1850s. Nightingale used empiric
observations and robust statistical methods to link
unsanitary conditions with the high number of
preventable deaths during the Crimean War [2].

In the 1960s, an approach known as Kaizen
(literally “change good” or “improvement”) was
introduced in Japan [3]. Grounded in Japanese
local village knowledge and practices, the key
features of Kaizen include:
¢ The ideas come from the workers themselves;

thus they are less likely to be radically differ-

ent and, and therefore, easier to implement
and less prone to induce resistance

* Small improvements are less likely to require
major capital investment than major process
changes

e Employees will continually seek ways to
improve themselves by improving their own
performance while encouraging workers to
take ownership for their work, thereby improv-
ing worker motivation and engagement.

¢ Encouraging workers to take ownership for
their work, thereby improving worker motiva-
tion and engagement.

From Kaizen came “quality function deploy-
ment,” which combined quality assurance and
quality control with function deployment in
value engineering [4]. Quality function deploy-
ment helped to focus improvement efforts on the
customer’s needs by attending to and respect-
ing the voice of the customer (VOC) above all.
Translating these needs into design and engi-
neering characteristics could help dramatically
improve a product or service [5]. The same con-
cepts and activities are now often referred to as
“quality improvement” or “quality management”
or even sometimes simply as “improvement”
[6]. These concepts have now spread throughout
the world and across multiple economic sectors,
including healthcare. What was originally called
total quality management (TQM) in the manufac-
turing industry evolved into continuous quality
improvement (CQI) as it was applied to health-
care administrative and clinical processes.

Cross-disciplinary ~ learnings and  influ-
ence between manufacturing and healthcare
were spurred during the 1990s by the increasing
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awareness that healthcare was lagging behind
other industries in providing poor and uneven
value. This highlighted the need to focus on
reducing waste, inefficiencies, and harms. This
awareness of the limitations of traditional meth-
ods to improve patient outcomes and contain
costs forced healthcare to look to other domains
for solutions [7]. However, from the perspective
of healthcare providers, the industrial perspective
of quality is limited in that it (1) ignores the com-
plexities and dynamic nature and nuances of the
patient—practitioner relationship; (2) downplays
the knowledge, skills, and intrinsic motivation,
as well as the ethical obligations of practitioners;
and (3) provides less emphasis on influencing
professional performance through “education,
retraining, supervision, encouragement, and cen-
sure” [1].

Donabedian suggested that much can be
learned from industrial quality and the industrial
model of quality that calls attention to several
important considerations [7]:

1. The need for even greater attention to con-
sumer requirements, values, and expectations

2. The need for greater attention to the design of
systems and processes as a means of quality
assurance

3. The need to extend the self-monitoring, self-
governing tradition of physicians to others in
the organization

4. The need for a greater role by management in
assuring the quality of clinical care

5. The need to develop appropriate applications
of statistical control methods to healthcare
monitoring

6. The need for greater education and training
in quality monitoring and assurance for all
concerned.

CQI is distinguished in healthcare by the rec-
ognition that service excellence and high-value
outcomes are predicated on meeting the patients’
needs. Meeting these needs is the key to sustain-
ing quality. However, these needs may change
over time with changes in expectations associ-
ated with education, economics, technology, and
culture. Such changes, in turn, require continuous
improvements in the administrative and clinical
methods vision and leadership that affect the
quality of patient care.
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Act

Determine what
changes are to
be made

Study Do

Carry out
the plan

Summarize
what was
learned

Fig. 3.1 The plan-do-study-act cycle (Adapted from
Langley et al. [6])

Approaches to Quality
Improvement
Several successful, multi-level, broad-based

approaches have evolved across a range of health-
care disciplines, including pediatric cardiology
and cardiac surgery. These approaches can be
thought of as an umbrella that encompasses
specific change methods. The most notable of
these approaches are the plan-do-study-act
(PDSA) cycle, the Model for Improvement, qual-
ity improvement collaboratives, lean manufactur-
ing, and Six Sigma—each will be described
below.

Walter Shewhart, at Bell Laboratories,
introduced the iterative approach called Plan-
Do-Study-Act (PDSA; Fig. 3.1) [8]. (Although
the PDSA cycle is often attributed to Deming, he
called it the Shewhart cycle.) [9] The Model for
Improvement (Fig. 3.2), which was introduced
in 1992, integrates the PDSA cycle as its core
method [6]. Central to its application are three
key and recurring questions:

1. What are we trying to accomplish?

2. How will we know that a change is an
improvement?

3. What change can we make that will result in
an improvement?

What are we trying
to accomplish?

How will we know
that a change is
an improvement?

What changes can we
make that will result
in an improvement?

Plan

Change
or test

Act

Determine what
changes are to
be made

Study Do
Summarize Carry out
what was the plan
learned

Fig. 3.2 The Model for Improvement, which incorporates
the plan-do-study-act cycle (Adapted from Langley et al. [6])

The wide use of the PDSA cycle and the Model
for Improvement in healthcare is the direct result
of their elegance and simplicity, as well as to the
transferability and application of these approaches
across multiple care and non health settings.

Improvementcollaboratives are another approach
to quality improvement. A quality improvement
collaborative consists of “multidisciplinary teams
from various healthcare departments or organiza-
tions that join forces for several months to work
in a structured way to improve their provision of
care” [10].

One of the first uses of collaboratives was the
Northern New England Cardiovascular Disease
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Study Group in 1986 [11]. Their continuing and
effective use in cardiovascular care is described
in a systematic review of the management of
heart failure, published in 2006, 20 years after
this management process was begun. This
review concluded that collaboratives “[have]
significant potential to improve the outcomes of
patients, particularly those with [heart failure]
and chronic cardiovascular disease. The success
and widespread adoption of collaboratives are
directly related to the growing trust, respect, and
data sharing among like-minded clinicians. This
trust leads to meaningful exchanges and insights
among experts and peers who then apply best
practices to improve their care. Learning collab-
oratives can also use the PDSA approach [11] and
are arguably the most effective way for systems
to rapidly learn from each other about improving
their process and patient outcomes.

Improvement collaboratives are successful
and popular ways of improving health service
delivery in disciplines ranging from cystic fibro-
sis, to heart failure, to trauma care [12, 13].
However, collaboratives are expensive and their
results are difficult to measure with traditional
epidemiological methods [14].

In the 1980s the Motorola Corporation devel-
oped the Six Sigma Methodology [15]. Six
Sigma starts with a process mapping activity that
involves elements of defining what a business
does, assigning responsibilities, identifying per-
formance standards, and deciding how success
will be determined (see below). After these criti-
cal elements have been defined, Six Sigma ana-
lyzes each through the DMAIC methodology
(Define, Measure, Analyze, Improve, and
Control) [16].

“Lean,” also known as “lean manufacturing,”
“lean enterprise,” or “lean production,” is a CQI
approach that considers as wasteful any resources
that are allocated to any goal other than creating
value for the customer and that are thus targets
for elimination [17]. Value is defined from the
customer’s perspective and includes any action
or process for which a customer would be will-
ing to pay.

For many, Lean is an approach to improve-
ment that helps to identify and steadily eliminate
waste in processes (or muda, in Japanese). As
waste is eliminated, quality improves and
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production time and costs are reduced. Essentially,
lean is centered on preserving value with less
work. Lean optimizes the trade-off between pro-
ductivity and quality and highlights the axiom
that improved quality translates to improved prof-
itability, or good quality is good business.

Quality Improvement Tools

Several CQI tools can help improve pediatric car-
diac care and surgery [18]. The most relevant
tools for pediatric cardiac surgery are listed in
detail below and include checklists, process
maps, Ishikawa diagrams, run charts, and control
charts.

Checklists

The checklist has received the most attention
(and press) for improving patient safety. Evidence
supports greater adoption of checklists in surgery
[19] and in other medical specialties [20-22]. In
June 2008, the Safe Surgery Saves Lives Initiative
of the World Health Organization (WHO)
released the WHO Surgical Safety Checklist. In a
little more than 2 years, more than 3,900 hospi-
tals in more than 122 countries were registered in
the Initiative. Of these 3,900 hospitals, more than
1,800 have reported using a checklist in at least
one operating room [23].

The Dutch SURPASS study, conducted from
October 2007 to March 2009, found that hospi-
tals using checklists had surgical complication
rates that were more than one-third lower, and
death rates that were almost one-half lower (from
1.5 to 0.8 %), than they were in hospitals not
using checklists [24].

Researchers at Stanford found that the
observed-to-expected mortality ratio declined
from 0.88 in quarter one, to 0.80 in quarter two,
with the use of a modified version of the WHO
Surgical Safety Checklist [25]. The use of check-
lists also improved communication among the
surgical team, and thus the quality of care.
Quality was measured by the frequency with
which staff reported ‘“Patient Safety Never
Events” (i.e., the kind of events that should
“never happen”). The number of Patient Safety
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Never Events related to errors or complications
decreased from 35.2 to 24.3 %.

The website Safesurg.org provides resources
for implementing the WHO checklist or for modi-
fying an existing checklist. Modified checklists
created by other institutions can also be downloaded
(http://www.who.int/patientsafety/safesurgery/
checklist/en/). [26] Modifying checklists to fit
local practices and needs is encouraged to
enhance acceptance.

Although checklists have been widely
adopted, their effectiveness has been highly vari-
able if they are casually applied only as tick-
box forms and in a top down approach [27].
Ineffective top-down engagement and inauthentic
partnering with clinicians inhibits positive behav-
ior change and encourages normalized deviance
[28]. Introducing a checklist in an environment
characterized by a lack of trust causes clinicians
to feel jeopardized professionally and personally,
encourages gaming and lead to marginal to no
improvement of care or outcomes [29]. Effective
adoption requires local championship, sustained
clinician engagement, and a commitment to
interprofessional teamwork [30, 31].

Process Maps

A process map or flowchart is a visual represen-
tation of the care process that is created with
information provided by team members. The pro-
cess mapping exercise can help clinicians clarify
through visualization the complex and many step
process of their environment and determine what
they want to do to improve it. The exercise helps
clinicians make assumptions and expectations
explicit and can provide insight into how to
improve the process of care or to overcome barri-
ers to its improvement [32].

A high degree of process awareness often
drives the design changes needed to sustain
improvement. Process mapping describes pre-
cisely what an individual provider is required to
do and when, in terms of cognitive processes,
actions, or both, to achieve the system’s goal.
Data are collected from observations or inter-
views that carefully break down complex clinical
processes into discrete, measurable, and clear
tasks [32]. Team members can gain insights into

how they and their colleagues perceive the same
tasks and hopefully come to a shared understand-
ing of the process.

Ultimately, improving patient outcomes
requires appreciating the inherent links between
structure, process and outcomes [33]. Process
maps help focus improvement efforts, not solely
for the individual provider, but for the entire clini-
cal microsystem. Visualizing the process can also
help identify inefficiencies (e.g., parallel or redun-
dant processes that have emerged for whatever rea-
son), clarify roles, and reduce ambiguity among
team members, all of which can help coordinate
patient care. This process is particularly useful in
improving transitions of care and avoiding read-
missions and patient bounce back to intensive care
and high-dependency units [34, 35].

Process maps can be created at different levels
of detail to illustrate the major phases or detailed
activities in that process. It is important to map
the current process, not the desired process, to
identify opportunities for improvement. We have
used process mapping in pediatric cardiac sur-
gery to better understand the current process of
care (Fig. 3.3) and to summarize the data on near
misses and adverse events (Fig. 3.4) [32, 36].

Ishikawa Diagrams

Ishikawa diagrams, also known as “cause-and-
effect diagrams,” “fishbone diagrams,” and
“root-cause analyses,” are visual representations
of the sources of variation in a process [37].
The diagram is often created by brainstorm-
ing with key stakeholders to identify the causes
and their effects on a process. The causes are
generally allocated to five general categories:
place (environment), equipment, procedures
(processes), people (patients and providers),
and policies (Fig. 3.5). Routine root cause
analysis with Ishikawa diagrams can be very
powerful in analyzing surgical adverse events.
A detailed analysis in one major hospital over 4
years (Table 3.1) established the fact that excel-
lent surgical outcomes depend on appreciating
and integrating individual, team, technical, and
organizational factors [38].

Reviewing the root cause categories helps the
team estimate the resources needed to address the
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a Pediatric cardiovascular surgical care process map
Our aim is to improve the process of cardiovascular surgical care, starting with
the child’s referral for surgery and ending with the child’s first post-discharge follow-up visit.

. L i : : . NP calls family- " .
Child has initial r;f:::'ggg at Does child Cardiologist rs)z;%glgg;ﬁ/ answers questions and C:lzlrd ;:I'\ﬁ;ifgr
contact with p ! need Yes»| makes referral —>- . —>| schedules clinic visit, surgery [>-| SS9
cardiologist cardiac cath surgery? for surgel family about date, pre-op visit, and/or clinic visit and/or pre-op
conference gery gery surgery P P visit‘ hospotal visit
CHD detected - l
prenatally, in NICU For the majority of No (H&P, ‘pre-op
teaching, reserve

patients, but urgent/
emergent cases are
done as needed

by pediatrician, or eaching, res
other modes of oom for surgery)

presentation, such

Cardiologist
follows-up with

as self-referrals child/family
\i
Child arrives for . . Anesthesia
surgery (day of, |»| Chllfi _ang family > Pre-%p_ e_\‘/_enl'ns I»1 Transport child diagnostic \syes>  gurgery report (what
unless from NICU wait in Fre-op anad initia to OR evaluation happened in OR,
or PICU) (T, W, TH) Holding Room sedation needed? Pazge what lines, etc.)
; Y
No
Discharge Family to surgical Y
planning begins- waiting room Completed while PICU receives Orteam
case managers child on table, multiple updates transports child
pul census including TEE if from surgery, via to PICU
report needed NP ‘
Child arrives in Discharged home
Nurse sets PICU and is (from PICU,
up PICU H stabilized intermediate, or
H Floor)
Page
PICU receives 3
~ patient First follow-up in clinic
information (1-2 weeks post
from_suNr%ery. discharge)
via
Induction of Patient preparation Surgical prep Cardiopulmonary bypass
Page 2 Inselrtlon of anesthesia (intubation, temperature (|n§truments, prep (appropriate size
lines drugs probes, foley catheters, devices, grafts, tubing, connectors, water
saturation monitors, sterile prep) blood products) lines)
Coordination to go on
Transesophageal Pre-bypass Chest cavity Dissection Cannulation bypgss apd/or drug‘
echo opened administration (heparin
and cardioplegia)

Coordination to come off
Bypass Identification of Surgical repair bypass_ gnd/or drug
structures and correction administration
(protamine, products, vents,
arrhythmias, TEE)

Monitoring (patient stability, C{EE";? gfagizs\tu(i(r:eh?t

Post-bypass ————> | bleeding, electrical activity, ———>
saturation, blood pressure) ECMO access, chest
closure open or closed)

Fig.3.3 A process map of pediatric cardiac and cardiac surgical care. (a) Preoperative processes. (b) Operative pro-
cesses. (c¢) Postoperative processed (Source: Barach and Johnso [32]6). page i113. Used with permission)
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Primary Nurse
assessing
patient, EKG,
sat monitor

PICU Nurse tells Sec’y puts
Sec'y to call standard
Radiology for labs in computer
base line post-op and prints stickers
chest x-ray for lab orders

Second nurse (moves
from transport monitor

Assign 3 nurses to bedside monitor)

hooks up lines and
chest tube and acts as
recorder if 3rd nurse

to bedside

Fig.3.3 (continued)

causes of process variation. These diagrams help
identify potential improvements and which
improvements might be transferable to another
setting.

Run Charts and Control Charts

Two of the most powerful CQI tools are run
charts and control charts [8, 39]. These tools are
valuable for analyzing variability in clinical
processes [40], in part because the data usually
does not go beyond what is generally collected to
meet reporting requirements. The run chart is a
simple plot of a measurement over time with a
line drawn at the median value. The data can be
related to patients, organizations, or clinical
units. Run charts are particularly useful because
they can reveal subtle changes over time that
would otherwise go unnoticed.
Important uses of the run chart for clinical
improvement are to:
e Display data to make process performance
visible
e Determine whether tested changes improve
the process or endpoints
* Determine whether the changes are lasting

not available

Third nurse records
vital signs every 15
minutes and assess
IV drips and variation
in concentration

—>

e Allow for a temporal view of data versus a

static view [41].

For example, a team wanting to improve
patient outcomes on mechanical ventilation
might measure time-to-extubation for patients
undergoing closure of atrial septal defect or ven-
tricle septal defect. Team members start by plot-
ting the data over time in a run chart for 30
consecutive patients (Fig. 3.6), where the time to
extubation ranged from 2 to 48 h after the proce-
dure, with a median of 14 h. As the team changes
the process, they can continue plotting data to
determine whether the changes decreased time-
to-extubation and thus improved overall care or
made no different on outcomes.

The control chart was developed by Shewhart
in the 1920s to improve industrial manufacturing
[8]. Like run charts, control charts display data
over time, but control charts provide upper and
lower control limits of variation that help deter-
mine whether a process is stable or unstable
(Fig. 3.7). Control limits are calculated using
median values and the moving ranges of the data.
The factors leading to instability must be
addressed before the process can be improved.

Shewhart and Deming define two types of varia-
tion in a process. Briefly, “common cause variation”
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. Major events Minor events
Domain

report

(n=92) (n=1223)
Anesthesiologist meets with patient in surgical
holding area Pre-op events and premedication Transport to OR 2% 4 %
Patient transported to OR
Patient enters OR Pre-Surgery/
Insertion of lines and induction of anesthesia gery, 21 % 25 %
. Anes. Induction
Patient prepared for surgery
Incision Surgery/
Dissection ProB pss 12% 13%
Cannulation yp
Go on cardiopulmonary by pass (CPB) — —
Identification of structures Surgery/ 15 % —31 % —
. ; By pass
Surgical repair
Off CPB Surgery/
Heparin reversed Post-g yass 45 % 13 %
Hemostatis yp
Chest closed .
Prepare for move and update ICU Transport to ICU 5% 12%
Team leaves with patient for ICU
Arrive at ICU o
ICU nurses takeover Handoff 0% 15%
Anesthesiologist or surgeon given ICU attending

Fig.3.4 A process map showing minor and major adverse event data in pediatric cardiac surgery (Source: Barach et al.

[36]. Used with permission)

is the usual, historical, quantifiable variation in a
system, whereas “special cause variation” is
unusual, not previously observed, non-quantifi-
able variation [42]. In surgical procedures, com-
mon cause variation might include fluctuations in
the severity of a patient’s risk factors, the skills
of operating team members, or changes in equip-
ment settings [43]. Common cause variation
suggests that improving outcomes will require

changing the processes that produced the results.
Special cause variation is the result of factors
extraneous to the process; for example, variation
introduced by a new manager, drive for more pro-
ductivity or by equipment breaking during a pro-
cedure. It is not possible to predict (or control)
variation caused by special causes.

If the control chart indicates that the process
is currently under control (i.e., it is stable, with
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Place (environment) | | Equipment | | Procedure (process) |

office Phone
ICU Transfer from OR to ICU
Pre-surgery «— Fax / surgicl
Post- < .
surgery Websites Procedures
Holding area \
Discharge from ICU to Ward
Operating Room Recovery room Catheter Lab ¢]
\focial networking —> Procedures

Email Communication in

Awareness
mpowerment Supervision

Ei
Educ?inSEs x T{Surgical team
Patients/ \ Training Medical/Legal
Families 77—» Attitudes Documentation
Awareness Integrated care

Culture

pediatric cardiac surgery

Reporting outcomes

- Incentives

/<«— Practice guidelines

Policies

Fig.3.5 An Ishikawa diagram for pediatric cardiac surgery

Table 3.1 Results of a root cause analysis of process variation of cardiac surgery

Theme Issues identified

Failure to recognize or respond Post CABG complications
appropriately to the deteriorating patient  Postoperative sepsis

within the required timeframe Postoperative hyponatremia

Workforce availability and skills Orientation, training, and supervising new or junior members of the
surgical team, especially outside normal working hours
Transfer of patients for surgery Difficulty in organizing an OR for surgery

Failure to handover information about patient acuity
Trauma management Coordination and response of trauma teams

Clinical decision making process for trauma patients

Coordination of care between multiple clinicians
Access to emergency operating room Antepartum hemorrhage and emergency cesarean

Urgent orthopedic procedure

Urological complications requiring urgent OR
Missed diagnosis Thoraco-lumbar fracture in a trauma patient

Brain abscess mistaken for cerebral metastasis

Sub arachnoid hemorrhage thought to be drug overdose
Unexpected procedural complications Airway obstruction after thyroidectomy

Failed intubation
Sentinel events Wrong site procedure—spinal fusion at wrong level

Retained surgical products requiring surgical removal

Adapted from Cassin amd Barach [38]
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Run chart of time to extubation
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Fig. 3.6 A run chart of time to extubation for patients undergoing closure of atrial septal defect and ventricle septal

defect in the intensive care unit (ICU)

78 Statlstlal process control chart of time to extubation

Time to extubation (h)
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Med|an 14
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Consecutive patients with closure of ASD or VSD

Fig.3.7 A control chart of time to extubation for patients
undergoing closure of atrial septal defect and ventricle
septal defect in the ICU. The chart shows that the
variation is the result of common cause variation and not

variation only coming from sources common
to the process), then data from the process can
be used to predict the future performance of
the process. If the chart indicates that the pro-
cess is not under control, the chart can help
determine the sources of variation, which can
then be eliminated to bring the process back
under control (Fig. 3.7). These data can inform
the team about when to act, but also, especially
in healthcare systems that are constantly
tweaking their systems, when to hold and not
to act, depending on the cause of the
variation.

special cause variation. That is, without any changes to
the process, the time to extubation will continue to fall
within a range that will not exceed the upper control limit
of 55h

The control chart illustrates the variation that
is due to a common cause and not to a special
cause variation. The implications in our example
about when to extubate the patient is that without
any changes to the process it will be difficult to
predict the time to extubation.

Control charts are appropriate for analyzing
data from procedures that are performed fre-
quently, consistently, and with relatively stan-
dard methods [43]. In addition, patients should
be separable into more homogeneous subsets
for analysis, for example, by stratifying them
by procedure, and the procedures should have a
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documented range of favorable and unfavor-
able outcomes.

Conclusions

This chapter described several CQI tools that
should be part of improving the processes and
outcomes of pediatric cardiac care. Detailed
descriptions of how to apply the tools are
beyond the scope of this chapter. Improving
teamwork is an important factor in improving
patient outcomes. In fact, it is a requirement
for using these CQI tools effectively. Indeed,
ongoing quality improvement efforts are not
about which tools are used but about how
these tools can produce insight, provide
feedback, engage the team members and track
progress. Their purpose is to help people func-
tion as a team, as well as to improve patient
outcomes.
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Abstract

Infants with congenital heart disease (CHD) manifest broad anatomical
and physiological heterogeneity, often making medical decision-making
complex and variable. Clinical assessments regarding medical and surgi-
cal management in an individual patient are frequently made based on
individual or group heuristics and past experience rather than solely on
scientific evidence [1]. The relative paucity of patients with complex CHD
and the variation in their anatomy and physiology has made it difficult to
perform rigorous studies defining best practices that are associated with
improved outcomes in these children. The Joint Council on Congenital
Heart Disease (JCCHD) developed the National Pediatric Cardiology
Quality Improvement Collaborative (NPC-QIC) is the first quality
improvement collaborative in pediatric cardiology. This collaborative used
a multi-site network, practice-based registry data and improvement sci-
ence methodology to identify variation in management and to improve
outcomes in patients with complex congenital heart disease.
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Background

The past several decades have seen marked
improvement in mortality in the most complex of
congenital heart defects due to surgical and medi-
cal advancements [2]. However, despite this
progress, there continues to be major adverse
events, variation in management practices and
outcomes among individuals and institutions car-
ing for children with CHD [3-5]. The reasons for
this variation include a continued lack of
evidence-based practices in patients with rare
conditions as well as limited sharing of lessons
and best practices among providers. In non-
health industries standardization and reduction in
variation has lead to safer practices, reduced
waste, cost savings and improved outcomes [6—10].
Standardization of healthcare practices can
reduce process variation and provides a founda-
tion upon which new approaches can be tested
more effectively.

Role of Clinical Networks
and Registries

Clinical networks and registries are useful
vehicles in understanding variation in clini-
cal care, and to test changes in clinical practice
that can standardize care and improve clinical
outcomes. Large networks and registries pro-
vide the infrastructure to gather information on
patients between and across treatment centers
and to understand differences in care processes
and clinical outcomes. Regional and national
networks and databases have been established to
better understand care of pediatric cancer, neo-
natal management, and cystic fibrosis [11-14].
Implementing a registry has been demonstrated
in multiple trials to reduce variation and improve
care for patients with chronic illness [11]. In
pediatric cardiology and cardiac surgery, regis-
tries (e.g., Pediatric Heart Network, Society for
Thoracic Surgery Registry, Mid-Atlantic Group
of Interventional Cardiology (MAGIC) Registry,
Pediatric Cardiology Care Consortium, Pediatric
Electrophysiology Society Ablation Registry,
IMPACT Registry) have generated comparative

J.B. Anderson et al.

data between centers and identified clinical out-
comes that are related to variation in care [ 15-18].

A learning network is a multi-site clinical net-
work that agrees to a set of engagement rules that
relate to definitions and data collection and then
uses data for both research and improvement [19,
20]. Successful models include the Northern
New England Cardiovascular Disease Study
Group, Vermont Oxford Network (VON), and the
Children’s Oncology Group (COG) [21-25].

Research and improvement networks can offer
epidemiologic, statistical and translational advan-
tages that allow for creating “laboratories” for
conducting comparative effectiveness and transla-
tional research [26-28]. Creation of total popula-
tion registries within and across network sites
provides large, diverse, and representative study
samples. These virtual laboratories facilitate
spread of changes that standardize practice, reduce
variations in outcomes due to variations in care
delivery and offer larger statistical power. These
networks linking research to care delivery and cli-
nicians directly, can conduct research about how to
effectively implement changes that improve care
and outcomes. They are particularly useful to
accelerate the translation of new evidence into
practice. Clinician end-users are in a unique posi-
tion to identify critical healthcare knowledge gaps
and design interventions to bridge those gaps in
effectiveness research. Finally, the care providers,
along with their patients, are the final benefactors
of implementing and seeing the results of the
changes at the point-of-care.

Learning networks allow not only for data col-
lection but also for structured implementation of
changes in practice through quality improvement
(QD science methodology. QI methods include
measurement of process and outcome metrics,
applying statistical process control to those met-
rics and then testing interventions that may
improve these processes or outcomes. Testing of
interventions is carried out initially on a small
scale utilizing Plan-Do-Study-Act (PDSA) cycles
to determine whether the interventions work. By
testing multiple interventions on a small scale
more learning can take place over a shorter period
of time. QI activities in the pediatric subspecial-
ties, including pediatric cardiology, have been
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catalyzed in part by the adoption of new
Maintenance of Certification (MOC) require-
ments by the American Board of Pediatrics
(ABP) [20, 29, 30]. The MOC program empha-
sizes ongoing assessment and documentation of
performance, and participation in QI activities, as
a requirement for ongoing certification.

Establishment of the NPC-QIC
Learning Network

The Joint Council on Congenital Heart Disease
(JCCHD) was formed in 2003 as a leader-
ship alliance to enhance communications and
improve coordination among the societies
representing pediatric cardiologists, congeni-
tal heart surgeons and adult congenital heart
disease specialists. The leadership alliance
included physician-leaders from the American
Academy of Pediatrics, the American Board of
Pediatrics, the American College of Cardiology,
the American Heart Association, the Congenital
Heart Surgery Society and International Society
for Adult Congenital Cardiac Disease. The
JCCHD held their initial meetings in 2005 and
were funded by the American Academy of
Pediatrics, the American Board of Pediatrics, the
American College of Cardiology, the American
Heart Association, the Congenital Heart Surgery
Society and International Society for Adult
Congenital Cardiac Disease. This group deter-
mined to dramatically improve the outcomes for
children with CHD through a national QI collab-
orative network of providers working together
to collect longitudinal data and conduct QI
research intended to accelerate the development
and transition of new knowledge into practice. In
addition, participation in the collaborative was
designed to meet Board requirements for main-
tenance of certification standards [29, 31]. The
guiding principles of the Institute of Medicine
(IOM) and Institute for Healthcare Improvement
(IHI) were followed to provide a structure to the
process. As an initial step, an Expert Conference
held in January 2006 comprised of QI leadership
experts, pediatric cardiologists and representa-
tives from pediatric critical care and cardiac

surgery was held in Dallas. The Expert Group
developed concepts for an improvement collab-
orative and a shared database for QI in pediatric
cardiology; defined sufficient detail for the QI
initiative to pursue funding; and generated buy-
in, excitement, and ownership of the QI initiative
within the JCCHD. This QI initiative became
the National Pediatric Cardiology Quality
Improvement Collaborative.

The Children’s Heart Association of
Cincinnati, a parent-led organization that has a
close working relationship with the Heart
Institute of Cincinnati Children’s Hospital
Medical Center (CCHMC), provided the initial
seed funding. The vision, support and guidance
of key leaders in pediatric cardiology contributed
to the development of a strong foundation for the
collaborative. Three organizational representa-
tives serving on the JCCHD agreed to lead the
NPC-QIC; this trio invited an additional four
members to constitute a seven-member Task
Force. The organization brought together key
leaders with expertise in content, quality mea-
surement, and family-centered care. Parents and
families were also integral partners in design of
interventions and understanding clinical changes
the collaborative had implemented.

Design and Management
of the NPC-QIC

The NPC-QIC Task Force discussed several clini-
cal problems to focus on in the initial phase of the
collaborative and decided to focus on infants with
hypoplastic left heart syndrome, a population of
children with high mortality and a six-fold varia-
tion in outcomes, and whose clinical outcomes
were clearly in need of improvement [32]. The
risk of mortality and morbidity for infants born
with hypoplastic left heart syndrome (HLHS) is
amongst the highest for pediatric cardiology and
cardiac surgery patients, with mortality rates over
25 9% [33]. Children who survive Norwood pallia-
tion, and are discharged home while awaiting their
next surgery (interstage) of the bidirectional Glenn
shunt, are at risk for poor outcomes with mortality
rates estimated at 10 to15% [34]. Surviving infants
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The National Pediatric Cardiology Quality Improvement Collaborative

KEY DRIVER DIAGRAM

Key Drivers

Revised July 2013

Change Strategies

Aim
Imporve survival and
optimize quality of life

Effective Care Transition
Measure
100% Complete care plan at -

D/C communicated to PCP &
Cardiologist*

Caregiver Preparation while Infant is Hospitalized

* Employ rooming in or experiential activity to train parent and increase their comfort

* Employ teach back mathods to assure parental competency with medications, feeding plan, cardiac
status and home surveillance

Assign and train staff to coordinate discharge for this unique patient population

Create standardized discharge process for this unique patient population and utilize a checklist to
prompt and document hospital compliance and assure comprehensive parental preparation

Transition from Inpatient and Clinical Settings to Hom¢
* Provide parents/caregiver with culturally and language appropriate written (Red Flag) action plan
induding:

in infants between
discharge after Stage 1
Norwood and
admission for
Bidirectional Glenn

Goals (by June 30, 2014)
Measures

Achieve adequate growth
Measure

Weight for length achievement

Engage Parents

«  Reduce mortality by 50%

- Medications
- Nutrition/Feeding plan
- Home monitoring paln (02 sat, intake, weight)
- Red Flag plan-action and triggers for calling cardiology team v PCP
- Prevention/Immunization plan
* Employ teach back methods to confirm perantal competency at discharge
* Evaluate family ability to obtain medications and refer for additional resources as needed
* Schedule follow up appointments convenient to family and establish meaningful reminders for
parents
Transition from Inpatient Care to Outpatient Clinical Teams
* Establish coilaborative engagement of all Care Team members (family, Cardiologist, PCP/Medical
Home, Home Health et al)

* Reduce readmissions from
major events by 50%

* 0% patients experience
growth failure

Care Coordination among
parents, cardiology and PCP
medical home

Measure
100% Complete Clinic Visit
communicated to PCP &

Assess nutritional status and weight at every clinic visit

Optimize caloric intake

Discuss feeding/intake at each visit with parents to assess progress towards goals

Adjust target caloric intake goals at each clinic visit (daily Kcal; weight targets)

Consult nutrionist at every clinic visit

Reinforce nutritional plan to families and PCP/medical home as part of overall management plan
(see above)

Assure family understanding and competency with Red Flag action plan and as applicable, home
monitoring of intake and weight

Cardiologist*

Documented growth parameters,
med list, updated nutrition plan,
updated red flag, immunization &
RSV plan, identified PCP,
cardiologists with appointments,
communications to PCP and
referring cardiologist

Continue Care Transition Strategies established at Care Transition outined above

Use
Establish Clinic
action paln with Care Team members as needed

Review Red Flag action plan with family at every visit. Update as necessary

Provide updated written action plans to Care Team members at every visit

Establish Cardiology clinic system for rapid medical response to surveillance data or Red Flag
events (e.g. parents know when and whom to call; Cardiology prepared to act upon calls)

surveillance of car

status (e.g. daily O2 sat, daily weight, caloric intake)
ion process to i

follow up, support and reinforce Red Flag

Fig. 4.1 NPC-QIC key driver diagram

experience significant morbidities, including poor
feeding, chronic cyanosis, recurrent laryngeal or
phrenic nerve injury, delayed growth and develop-
ment and long-term mental deficiencies. This group
often requires numerous unscheduled clinic vis-
its and hospital readmissions to address these and
other problems. [35] Thus, the interstage period for
infants with HLHS presents children and families
with major health care challenges and an oppor-
tunity for caregivers to improve clinical processes
and outcomes. Because this interstage is limited to
approximately 4-6 months, the committee felt that
it would be an ideal interval target for improvement
efforts. Finally, the taskforce felt that improved care
processes identified through the study of children
with HLHS would be generalizable to infants with
other types of congenital heart disease.

We defined the aim of the initial project as:
“Reducing the mortality and improving the
quality of life of infants with hypoplastic left
heart syndrome (HLHS) during the interstage

period between discharge from the Norwood
and admission for the bidirectional Glenn pro-
cedure” [31]. The taskforce determined that the
key outcome measures important in this popula-
tion were (1) reduction of mortality of infants
during the interstage period; (2) reduction of
readmissions during the interstage due to
adverse clinical events; and (3) elimination/
attenuation of growth failure commonly seen in
this population. We created a Key Driver dia-
gram, outlining the desired outcomes and the
drivers, the areas we would focus on, that were
deemed necessary to achieve these outcomes
and a guide for the activities of the collaborative
(Fig. 4.1). The drivers felt to be essential to
achieve better outcomes fell into three areas:
engaging parents, improving care transitions at
discharge following stage 1 surgical palliation,
ensuring adequate growth by optimizing nutri-
tion, and, improving care coordination among
the hospital team, the primary care team, and
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families. The Task Force developed metrics for
using the key driver diagram as a guide to
address both the outcomes and processes impor-
tant to achieve the project goals. Statistical pro-
cess control charts demonstrating the tracking
of these key outcome measures as well as the
process measures felt to be important in achiev-
ing these outcomes can be seen in Fig. 4.2.

Statistical process control provides statistical
boundaries, typically defined as +3 standard
deviations around the median, to a system of
data points. By placing statistical boundaries
around data, referred to as upper and lower con-
trol limits, changes to a system can more easily
be identified helping to address and correct the
variation in care processes.

1. Mortality

Percent of patients who died out of
all patients who died, had a glenn or heart transplant
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2. Mortality G-Chart
Number of patients who completed Glenn between each death.
Last point is no. of patients who completed Glenn since the last death.
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Fig. 4.2 NPC-QIC outcome
measures
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Flg.4.2 (continued)
4. Major Event Readmission G-Chart

Number of patients reaching glenn between each major event
readmission.
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6. Weight for Length G-Chart

Number of successes between each failure. Failure defined by
decreasing 2 or more percentile bands during interstage
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Team Recruitment and any interstage readmissions. This informa-

tion included data regarding care processes as
An initial group of six teams from clinical sites  well as clinical outcome data. After the pilot test-
that perform stage 1 Norwood palliation were ing with the initial six teams, all sites were invited
used to pilot test the data collection forms. to participate through an invitation circulated
A secure electronic database (REDCap) using a  through the American Academy of Pediatrics
web-based interface was created for data collec- Section on Cardiology and Cardiac Surgery, as
tion. The sites collected visit-specific informa- well as multiple presentations at pediatric cardi-
tion at the individual patient level from stage 1 ology meetings. The data forms have been
and stage 2 hospitalizations, interstage clinic visits reviewed, updated, and revised at regular intervals
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Cumulative sites
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Fig. 4.3 Growth of number of NPC-QIC sites over time

to ensure accuracy and usability. In the first 3
years NPC-QIC has grown to over 40 sites in the
United States (Fig. 4.3).

Collaborative structure

The collaborative is a longitudinal learning com-
munity that used the Institute for Healthcare
Improvement’s Breakthrough Series (BTS) Model
[36—40]. The BTS model is a change management
platform that utilizes effective dissemination and
behavior change tools to support practice changes
[41]. The BTS methods are based on educational,
statistical, and systems theory. These include: (1) a
focus on shared goals that are clear and explicit so
that teams are aligned along a common purpose;
(2) the use of data and feedback to allow teams to
identify opportunities for individual improvement;
and (3) the use of aggregate data, face-to-face
meetings, and individual coaching to engage teams
in working together to improve the systems of care
for patients. The components of the BTS can be
seen in Fig. 4.4 [42].

Pediatric cardiology centers participate as
teams comprised of a physician champion, nurs-
ing and administrative representatives, and a
nutritionist. Teams are also encouraged to include
a parent or family representative. Each month,
the teams collect data on patient status and care
processes; post reports of their progress; partici-
pate in webinars and a listserv; and, test changes
to improve their systems. Semi-annual “learning
sessions” which are 1-2 day workshops bring
teams together to share lessons learned. Pediatric
cardiologists provide content expertise and proj-
ect staff support teams as needed, particularly
with implementation of changes in practice.
Parents were involved in the design and imple-
mentation of the network, and work actively with
clinical team member--in research work groups,
at the semi-annual meetings and monthly webi-
nars, and where aggregate data are reviewed and
barriers to improvement are discussed. The NPC-
QIC has encouraged and facilitated the develop-
ment of parent groups at each clinical site.
Clinical teams and parents have together devel-
oped practical tools (e.g. feeding algorithms,
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Select Participants (10-100 teams)
topic
(develop
mission)
Prework
l Develop /YP\ /P\ /YP\ Dissemination
framework A A/D A j A D Publications,
Congress. etc.
Expert & changes \S \S \S / 9
meeting .
Planning LS1|— | LS2 |— | LS3 S Hold|r_19
group AP1 AP2 AP3* the gains
Supports

LS-Learning Session Email (listserv)
AP-Action Period Visits

Monthly team reports

*AP3—continue
reporting data as
needed to
document success

Phone conferences

Assessments

Fig. 4.4 IHI Breakthrough Series Model [36, 42] Adapted from the IHI Breakthrough Series Model [36]. Learning
session (LS): face-to-face team meetings, Action Period (AP): period of time between learning sessions

video about discharge planning, ‘red flag’ check-
lists).In addition, along with education and sup-
port of quality improvement activities, parent-led
presentations and parent panels are key compo-
nents of the learning sessions. Primary care clini-
cians have also participated in the learning
sessions and provide insight into the challenges
in child handovers and coordination of care
between sub-specialists and primary medical
homes for these complex patients. The Anderson
Center for Health Systems Excellence at
Cincinnati Children’s Hospital Medical Center
provided the improvement, project management
and data infrastructure for the NPC-QIC project.
The Center has supported over 45 collaborative
multi-site improvement projects involving more
than 1,500 organizations [43—-45].

Outcomes

One of the key findings from the NPC-QIC was
the considerable variation in management and
outcomes of infants with hypoplastic left heart
syndrome [46—48]. This management variation
was seen at several points along the process of

care including pre- and post-operatively, after the
Norwood procedure, as well as during the outpa-
tient interstage. NPC-QIC has facilitated the
sharing of best practices among participating
centers using face-to-face meetings called
Learning Sessions and monthly webinars called
Action Period Calls. There has been significant
improvement in and standardization of the NPC-
QIC process measures as these practices have
been implemented, including at additional cen-
ters. These measures capture important clinical
processes at the time of discharge following the
Norwood procedure and during the interstage
clinic visits. Examples of improvement in pro-
cess measures can be found in Fig. 4.5.

The elimination and attenuation of growth
failure in this population is one of the primary
outcomes of the collaborative. Analysis of growth
outcomes identified significant variation in out-
comes among the NPC-QIC centers [49]. This
analysis determined that there were specific
nutritional practices that are being used by cen-
ters that had better patient growth. These prac-
tices, when combined as a Nutritional Bundle
resulted in significantly better interstage infant
growth. This growth bundle included: (1)
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Fig.4.5 NPC-QIC 7. Discharge Coordinator Identified t
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9. Written Medication List
Discharged patients provided with a written medication list
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Fig. 4.5 (continued) 10. Written Red-Flag Action Plan
Discharged patients provided with a written red-flag action plan t
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11. Written Nutrition Plan
Discharged patients provided with a written nutrition plan
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12. Follow-Up Plan Prepared
Discharged patients having PCP and cardiologist identified with
follow-up appointment information
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Fig.4.5 (continued) 13. Complete Care Plan
Discharged patients with all of measures 7-12 complete

100
80 1
60 1 prag
40

14. Complete Care Plan Communicated to PCP

Discharged patients with communication to PCP regarding
measures 7-12 documented

100

80 ) R Pt
60 >od A4

40 a2 A V

IMAY |

20

@,/g\ //ri\\ //\® /3’0\ //\q\ //@ //\g\ //q/g\ //’9\ /9’%\ //q’b‘\ /55\\ /9’\\ /3’(7)
ISR IR SIS
SRR A AR D S SIS
3\??505‘?“??505?‘? 5$OQQ/®?“



62 J.B. Anderson et al.

Individual or group identified to coordinate outpatient
management of this patient
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Fig.4.5 (continued) 15. Post-Care Coordinator Identified t
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17. Written Medication List Updated t

Written medication list reviewed, discussed, or updated with
parents/caregivers as needed upon clinic discharge

100 E 5
80 ¥
60 _#V' .Vi

40

20

0 T T 11T rrrrrrrrrrr1r1rr1rrrr1rrrrrrrrrrorroii

b‘o\ cgl) an\ PO Q)‘b\ Qb\ ,\0\ cg) Qb‘\ 'bb‘\ QC)\ \'\\ \q/@ ;\Q)\

& o W AN
O Q:\oo SIS ,\@V\O N e.{w, m\‘\ \q,\“ \%@é o &2
¥ LS Na QQ\ PE L S R



4 Quality Improvement in Pediatric Cardiology: The National Pediatric Cardiology 63

Written red flag action plan reviewed, discussed,or updated with

Fig.4.5 (continued) 18. Written Red-Flag Action Plan Updated t
parents/caregivers as needed on discharge
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19. Growth Parameters Documented t

Clinic visits with weight,weight for age,average daily weight
gain and caloric intake documented
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20. Nutrition Plan Updated
Clinic visits with written nutrition plan reviewed,discussed or

updated with the family as needed
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Fig.4.5 (continued)

Clinic visits with PCP and cardiologist identified and follow-up
appointment information for both discussed
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Standard evaluation of each infant prior to dis-
charge after the Norwood procedure for any feed-
ing dysfunction; (2) Providing families with
home scales to monitor daily weight gain in the
interstage phase; (3) Weekly contact with fami-
lies to review interstage growth by phone/email;
(4) Specific weight change “red flags” to catch
growth faltering early and allow for nutritional
intervention; and (5) A Dietician available for
consultation, either in person or by phone, at all
interstage outpatient visits. This Nutritional
Bundle was provided to the NPC-QIC teams and
has demonstrated great improvement in the
weight and well being of these children.

The NPC-QIC brought together a Nutrition
Working Group. This group comprised dieticians,
nurses, speech therapists and physicians from
twelve NPC-QIC sites. The Nutrition Working
Group performed an extensive literature review
and created algorithms for the feeding of single
ventricle infants prior to Norwood, post-
operatively after Norwood and in the outpatient
interstage [50]. The purpose of these algorithms
was to move towards reducing practice site varia-
tion by standardization of nutrition management.

Future Directions

The NPCQIC currently comprises 46 sites and
includes the largest children’s hospitals in the
US, and almost all programs that perform com-
plex congenital heart surgeries. The NPCQIC is
achieving its objectives to (1) build a sustainable
collaborative network of multidisciplinary pedi-
atric cardiology teams, engaged parent partners,
and scientists; and (2) use a registry to support
improvement in care delivery and research proj-
ects resulting in improved survival and outcomes
of infants with HLHS in the high-risk interstage.
As of July 2013, the NPCQIC has amassed data
from 1,000 infants in the registry, with data
accrued from over 4,000 clinic visits, 1,300 read-
missions and from 83 deaths.

The NPCQIC collaborative infrastructure has
recently evolved to include a research subcommit-
tee as well as a formal governance structure, con-
sisting of seven cardiologists, five parents, a QI

liaison, and three members with business exper-
tise. Current financial support includes a 5-year
grant from the Children’s Heart Association of
Cincinnati, participation fees from participating
sites, and in-kind support for meetings from the
Heart Institute of CCHMC. Previous support has
included targeted project support from state and
national. Grants.

The NPC-QIC has documented significant
improvement in care process measures and has
begun to see improvement in primary outcome
measures as well. There have been single sites
that have begun to show significant improvement
in growth of their infants and the collaborative
has seen periodic improved process measures by
reducing the average time between child read-
missions for major events. However, we recog-
nize that there has been less than expected
improvement in outcome measures, given the
significant improvement in process measures.
The collaborative has formed three multi-
institution working groups in order to move to
the next steps of understanding the primary out-
comes including a Mortality Working Group,
Readmission Working Group, and is reconvening
the Nutrition Working Group. The aim of these
working groups will be to determine additional
information that needs to be gathered, including
directly from families, define more precise met-
rics, and identify strategies that result in improved
outcomes.

Conclusions

The National Pediatric Cardiology Quality
Improvement Collaborative (NPC-QIC) is the
first U.S. quality improvement collaborative
in pediatric cardiology. The NPC-QIC is
evolving towards the Learning Health System
model described by the Institute of Medicine,
in which patients, clinicians, researchers, and
other stakeholders collaborate in a meaning-
ful partnership to improve outcomes and gen-
erate new knowledge, and in which health
care, health care improvement, and research
are purposefully integrated [51, 52]. The
NPC-QIC has successfully used a multi-site
network, practice-based registry data and
improvement science methodology to identify
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variation in management and to improve out-
comes in patients with complex congenital
heart disease. The NPC-QIC has seen signifi-
cant improvement in process measures across
participating centers and is beginning to see
improvement in outcome measures. The
Learning Health System model, exemplified
by NPCQIC’s collaborative effort, is vital to
the field of pediatric cardiology, and for other
clinical fields which care for patients with
rare disorders [53].
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Abstract

Many areas of acute care medicine have a low error tolerance and demand
high levels of cognitive and technical performance. Growing evidence
suggests that further improvements in patient outcomes depends on appre-
ciating, measuring and improving system factors, in particular, effective
team skills. In recent years, the relationship between surgical team behav-
iour and patient outcome has been studied by a number of researchers.
Teamwork concerns the communication and coordination processes that
are required to bring together the individual knowledge, skills and atti-
tudes in the service of a common and valued team goal. Individual surgical
team members are highly specialized and have their own functional task-
work (e.g., anaesthesia, nursing, surgery and perfusion), yet come together
as a team towards the common goal of treating the patient. Interventions
focusing on teamwork have shown a relationship with improved teamwork
and safety climate. The ‘working together’ of a clinical microsystem is
accomplished by a complex suite of ‘nontechnical skills’. Teams that score
low on independently observed non-technical skills make more technical
errors and in cases where teams infrequently display team behaviours,
patients are more likely to experience death or major complications. There
is a significant correlation between subjective assessment of teamwork by
team members themselves and postoperative morbidity. Good teamwork
(in terms of both quality and quantity) is associated with shorter duration
of operations, fewer adverse events and lower postoperative morbidity.
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Finally, this chapter addresses the importance of nurturing and sustaining
team leaders. Able leaders anticipate events, prepare for them, and nur-
tured and grow by the effective team support and improved outcomes.

Keywords

Teams * Team training * Microsystems ¢ Rehearsal ¢ Debriefing ¢
Simulation ¢ Expert performance model * Patient safety

Introduction

The role of effective teamwork in accomplishing
complex tasks is well accepted in many domains.
Similarly, there is good evidence that improved
outcomes in cardiac care depends on effective
team performance. Teamwork during acute clini-
cal care can be deficient in a number of differ-
ent ways (Table 5.1), and multiple deficiencies
may interact to impair team success and patient
outcomes. This chapter focuses on understand-
ing, assessing, and improving team performance.
The need to train and evaluate the performance of
clinical teams has emerged as an important topic
during the past decade [1]. Deficiencies in com-
munication and teamwork have long been cited
as a frequent contributor to adverse events [2].
Conversely, team training and debriefing have
been shown to reduce mortality by 18 % [3].
Precise estimates of the extent of the problem
are difficult to make, given definitional issues
as well as reporting and measurement problems.
However, a variety of studies support the notion
that teamwork and communication are critical
components of safe health care systems. Previous
reviews have reported linkages between various
aspects of teamwork (e.g., situational monitor-
ing, communication, leadership, trust, shared
mental models) and clinical performance [4].

Teamwork requires an iterative evaluation that
must include the review of the secondary man-
agement including careful delineation of team
structure, thorough and ongoing team training,
effective support structures, and continuous qual-
ity improvement. Valuable tools for team training
and performance improvement, discussed in this
chapter, include reflective learning, authentic com-
munication, rehearsal, debriefing, simulation and
videotape-based analysis.

Table 5.1 Problems and pitfalls in surgical teams

Difficulties coordinating conflicting actions
Poor communication among team members
Failure of members to function as part of a team

Reluctance to question the leader or more senior team
members

Failure to prioritize task demands

Conflicting occupational cultures

Failure to establish and maintain clear roles and goals
Absence of experienced team members

Inadequate number of dedicated trauma team members

Failure to establish and maintain consistent supportive
organizational infrastructure

Leaders without the “right stuff”
Modified from Schull et al. [17] and others

Role of Higher Education

Higher education methods have shifted from pro-
viding instruction to facilitating successful learn-
ing opportunities and engagement of the learner.
Interactive simulation environments support
learner-focused, constructivist approaches that
would be unethical, inefficient, and unfeasible in
actual perioperative care situations. Team train-
ing has a long history in aviation and the mili-
tary, and, more recently, these experiences have
been translated to health care. Studies of aviation
teams reveal failures of coordination, commu-
nication, workload management, loss of group
situation awareness, and inability to use avail-
able resources [5—7]. In thoroughly investigated
adverse events, whether patient-or aviation-
related, causes of failure were similarly multifac-
torial, team based, and complex [8—11].

Most of health care is performed and deliv-
ered by interdisciplinary teams — individuals
with diverse specialized skills focused on a com-
mon task in a defined period of time and space,



5 Teams, Team Training, and the Role of Simulation

who must respond flexibly together to con-
tingencies and share responsibility for patient
outcomes. This is particularly true of cardiac
surgery. Traditional specialty-centric clinical
education and training are remiss because they
assume that individuals acquire adequate com-
petencies in teamwork passively without any
formal training. Reviews of malpractice claims
indicate that communication problems among
the treating team members are major contribut-
ing factors in 24 % of cases that result in such
claims [12]. Substantial evidence suggests that
teams routinely outperform individuals and are
required to succeed in today’s complex work
arenas; in these settings information, wisdom,
and resources are widely distributed, technol-
ogy is becoming more complicated, and work-
load is increasing [13]. Other studies using root
cause analysis to examine contributing factors
have found teamwork and communication issues
cited as root causes in 2/3 of adverse events [14].
Our understanding of how medical teams coor-
dinate in real-life situations, especially during
time-constrained and crises situations, remains
incomplete.

Teams and Teamwork
Whatls a Team?

One must distinguish between a group of indi-
viduals sharing a common task (e.g., a jury)
and a team (e.g., a marching band or a football
team). A team is “a small number of people
with complementary skills who are committed
to a common purpose, performance goals, and
approach for which they hold themselves mutu-
ally accountable” [13]. Weick and Roberts [15]
defined medical teams as “a loosely coupled sys-
tem of mutually interacting interdependent mem-
bers and technology with a shared goal of patient
care.” Katzenbach and Smith [13] argued that any
performance situation that warrants a team effort
must meet three criteria: (1) collective work prod-
ucts must be delivered in real time by two or more
people; (2) leadership roles must shift among the
members; and (3) both mutual and individual
accountability is necessary. They go on to assert
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that teams must have a specific team purpose
(distinct from that of its individual members),
shared performance goals, a commonly agreed
to working approach, and, in general, make use
of the team’s collective work products to evaluate
the team’s performance. Others have suggested
that smaller teams (5 to 10 members) are gen-
erally more effective than larger ones, partially
because of familiarity, more cross-checking, and
high interdependence of team member’s roles.

There are five themes associated with effec-
tive teams (the 5 Cs [18]): Commitment,
Common Goals, Competence, Consistency (of
performance), and Communication. The effec-
tive team is committed to the achievement of
specified goals. Team competence is measured
across multiple dimensions and includes techni-
cal, decision, and interpersonal skills. The diver-
sity of team members with complementary skills
is a hallmark of many effective teams, particu-
larly when the team is required to adapt to com-
plex and changing circumstances. Acute-care
medical teams, including trauma teams, typically
excel at the first two Cs (i.e., commitment and
common goal) and explicitly strive for compe-
tence, but may be much less successful in their
consistency of performance (i.e., ability to sus-
tain best practice reliably at all times), and effec-
tiveness of communication between team
members [16]. The very best trauma teams main-
tain an intuitive understanding and situational
awareness of the evolving processes of events
(see discussion below of distributed team situa-
tion awareness), appreciate and expect the
unknown, and exhibit a high level of trust and
respect between members [19].

Importance of Conflict

Conflicts among members are inevitable in every
team, and many experts believe that conflict and
its successful resolution, is essential to attaining
maximal team performance [17, 20]. Without
resolving these conflicts, trust cannot grow and
thus accountability for improvement will be lack-
ing [21]. The natural tendency of teams, especially
among health care professionals, is to avoid or
gloss over conflicts. However, doing so may sew
the seeds of impaired team performance when
the next challenge arises. There are four primary
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conflicts inherent in teamwork [22]. First, there
are tensions between individuals and the team as
a whole in terms of goals, agenda, and the need
to establish an identity. Second, to attain optimal
team performance, one needs to foster both sup-
port and confrontation among team members. If
team members are unwilling or unable to chal-
lenge each other’s decisions respectfully, then
there is a real risk of poor team outcomes — a team
devoid of conflict leads to “group think” [23] and
the acceptance of suboptimal team decisions.
Third, daily team activities must balance moment-
to-moment performance against the need to con-
tinually enhance team learning and individual
member development. Finally, the team leader
must strike a balance between managerial author-
ity, on the one hand, and individual team member
autonomy and independence, on the other.

Teamwork Training in the Medical
Domain

Surgical team performance is one of the most
complex in health care and is centred around ill
patients, a large and diverse range of health care
providers, sophisticated equipment, and severe
time constraints [24]. The cardiac team, which
assembles rapidly at unpredictable times, must
attempt to manage a sudden unique and chaotic
situation such as acute bleeding, ruptured graft,
etc. involving one or more patients presenting
with complex underlying physiology.

The successful management of complex con-
genital malformations requires effectively coor-
dinated prehospital care and information
management followed by transfer to a well-
organized and well-prepared dedicated health-
care facility. During the resuscitation, the team
typically adheres to hospital protocols based on
Advanced Cardiac Life Support (ACLS) princi-
ples. In most modern surgical teams, multiple
team members have dedicated roles and simulta-
neously perform individual patient care tasks
[25, 26]. While more efficient, and leading to
more rapid resuscitation, this kind of horizontal
structure requires team coordination, leadership,
and organizational structure [27]. Studies in
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advanced trauma units have highlighted the dif-
ficulties of attaining effective teamwork, noting
team breakdowns under dynamic and distracting
conditions. Cardiac surgical teams typically con-
sist of five to ten individuals from several clini-
cal disciplines [28].

Medical teams, often consisting of a mul-
tidisciplinary group of members, might come
together for a single clinical event (e.g., a spe-
cific surgical procedure) or be together for a
short defined period (typically a month or so).
Not infrequently, some team members are con-
sistent and well defined (e.g., the intensive care
unit team) while others join on an ad hoc or
an as needed basis (e.g., respiratory therapists,
nurses, pharmacists, anesthesiologists). Thus,
a specific group of individuals do not have the
opportunity to work together and develop trust
and shared mental models, as a fixed team for
long periods of time. Further, cardiac surgical
care is often provided in academic medical cen-
ters where the trainees who make up much of
the surgical team rotate on and off the team on a
regular basis, which can lead to inconsistent care
and awkward and ambiguous communication.
Research in aviation shows that non-‘“rostered
teams” are less effective than more stable “fixed”
teams [29]. Additionally, Simon, et al. [30] have
shown that rostered teams are less likely than ad
hoc formed teams to call each other out when
safety infractions occur, but, are more resilient
and have better outcomes than non-rostered team
when challenged.

The Team Leader
The team leader’s functions may include the per-
formance of specific tasks such as the conduct of
the primary and secondary surveys (Table 5.2).
However, given sufficient personnel, the team
leader must assume, as quickly as possible, a
supervisory role, prioritizing and delegating
tasks, and reviewing and overseeing the team’s
(and patient’s) progress throughout the resusci-
tation [31]. Studies suggest that teams are less
effective when the team leader spends significant
time performing procedures than when delegat-
ing them to other team members and not main-
taining feed forward abilities. However, the team
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leader should have recognized expertise in treat-
ing patients and be willing and able to intercede
when other team members are not performing up
to acceptable standards or the patient deteriorates.

The cardiac surgery team leader is also respon-
sible for formulating (or at least approving) the
definitive treatment plan. Thus, the team leader
must quickly assimilate a large amount of dispa-
rate information from other team members with
his/her own observations. This leads to an overall
assessment, which includes decisions about ther-
apeutic and diagnostic interventions, communi-
cating with other team members, coordinating

Table 5.2 The team leader’s responsibilities

Know the job (e.g., know guidelines expertly).

Communicate clearly and effectively, and enhance the
team’s communication.

Foster teamwork attitudes through tangible behaviors.
Keep the goals and approach relevant and focused.
Enhance the team’s knowledge and shared expectations.
Build commitment, confidence, and trust.

Remain positive and supportive, especially under
adverse conditions.

Acknowledge and manage your own limitations, and
those of the team.

Strengthen the skills of each team member, and of the
team as a whole across all performance dimensions:
technical, functional, problem solving, decision
making, interpersonal, and teamwork.

Manage relationships with outsiders and remove obstacles.
Create opportunities for others to grow into leadership roles.
Lead by example.

Reward team performance and discourage
individualism that detracts from team performance.

Provide constructive feedback and opportunities for
reflection.

Modified from Cooper and Wakelam [27] and others

Table 5.3 Team leader personality types

“Right Stuff” “Wrong Stuff”
Active Authoritarian
Self-confident Arrogant

Interpersonal warmth/empathy
Competitive

Prefers challenging tasks
Strives for excellence

Modified from the work of Foushee and Helmreich [5]

Limited warmth/empathy
Impatient and irritable
Prefers challenging tasks
Strives for excellence
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consultations, making triage decisions, and
ensuring that all team members are aware of the
evolving situation [32].

Although skill and experience are valuable for
every member of the team, it is particularly critical
for the team leader. Additionally, the personality
of the team leader has a large impact on team per-
formance. Work by Chidester and colleagues [33]
led to a broad classification of three personality
types of team leaders: “right stuff,” “wrong stuff,”
and “no stuft” (Table 5.3). Teams led by individu-
als with the “right stuff” performed better than
others. Team-oriented behaviors do not come nat-
urally in a culture that rewards individualism
above teamwork, but they can be learned and
practiced with regular feedback and coaching.

Acquiring Expertise in the Cardiac
Surgery Setting

Data from over 100 surgical root cause analysis
(RCA) investigations demonstrated a number of
themes that are relevant in understanding why
and how surgical care can go wrong [14]. These
themes (Table 5.4) represent a mixture of the out-
comes of clinical care (e.g., procedural complica-
tions), and explanations relating to problems in
the clinical environment (e.g., skill mix of the
surgical team, and missed diagnoses).

Expert Performance Approach

The expert performance approach offers a sys-
tematic framework for examining issues related
to improving patient safety [34]. It is based on an

“No Stuft”

Unassertive

Low self-confidence
Moderate warmth/empathy
Noncompetitive

Low desire for challenge
Doesn’t strive for excellence
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Table 5.4 Themes and issues identified from surgical adverse outcomes and their related Root Cause Analysis (RCA)

investigations

Theme

Failure to recognize or respond
appropriately to the deteriorating
patient within the required
timeframe

Workforce availability and skills

Transfer of patients for surgery

The management of trauma

Access to emergency operating room

Missed diagnosis

Unexpected procedural
complications

Sentinel events

Issues identified

Post procedure complications
Infections

Hypothermia

Orientation, training and supervision of new or junior members of the
surgical team, especially outside of normal working hours

Difficulty in organizing an OR for surgery

Failure to handover information about patient acuity
Coordination and response of trauma teams

Clinical decision making process for trauma patients
Coordination of care between multiple clinicians
Hemorrhage and emergency bleeding

Urgent orthopedic procedure

Urological complications requiring urgent OR
Thoraco-lumbar fracture in a trauma patient

Sub arachnoid hemorrhage thought to be drug overdose
Airway obstruction

Failed intubation

Wrong level procedure — chest tube thoracostomy at wrong level
Retained surgical products requiring surgical removal

Source: The analysis is derived from a metropolitan health service, Sydney, NSW, Australia. Personal communication,

Deputy Director for Clinical Governance, January 2007

analysis of health provider superior performance
and traces the acquired processes responsible for
the development of high level skills. The focus on
measurable performance avoids documented
shortcomings of traditional methods of identify-
ing and studying experts, such as those based on
the accumulation of knowledge, experience and/
or peer nomination. The expert-performance
approach proposes that learning, and improve-
ment in performance, are not merely a passive
accumulation of professional experience. Such
gains are mediated by user engagement in goal-
directed, self-regulated learning in a way that is
quantitatively and qualitatively different from the
mere accumulation of experiences [35].
Research shows that experienced and knowl-
edgeable individuals do not always outperform
naive individuals [36]. Highly experienced finan-
cial, medical, and psychology professionals often
fail to make superior forecasts or implement inter-
ventions that lead to enhanced treatment outcomes
when compared with less-qualified and less-experi-
enced professionals. Experts are typically identified
on the basis of peer nomination, the degree of

knowledge each seemingly possess, or their length
of experience within the domain. In medicine,
researchers have reported that the length of profes-
sional experience is often unrelated, and some-
times negatively related, to the quality of
performance and treatment outcomes [37].
Ericsson and Smith [38] suggest that researchers
interested in studying expertise should focus on
trying to empirically capture performance with
reliable and objective measures. They recommend
a three-step approach known as the expert perfor-
mance approach.

First, researchers must recreate the task(s) in
the laboratory with sufficient fidelity to elicit the
requisite expertise. Second, the antecedents of,
and processes responsible for, superior perfor-
mance should be identified using experimental
manipulations and process tracing measures.
Third, activities that lead to a performance
improvement need to be identified so that the
path to excellence is clearly delineated and is
targeted for training and improvement [39].
Statistical process control (SPC) may be a useful
tool in identifying individual clinicians and teams
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displaying higher levels of performance using
longitudinal outcome measures.

In the 1980s, researchers began to study the way
experienced people make decisions in their natural
environments or in simulations that preserve key
aspects of their environments called the (naturalistic
decision theory) [40]. These studies showed that, in
contrast to “normative decision theory,” experts
make real-world decisions through a serial evalua-
tion and application (“trying on”) of options that
seem appropriate to the apparent situation in an iter-
ative and rapid cycle. Naturalistic decision making
(NDM) theory argues that, especially under time
pressure in complex task domains (e.g., flight land-
ing, surgical OR care), experts recognize patterns of
events in situations, or their integral components, as
typical or familiar, and then respond to each specific
situation with appropriate pre-programmed, pat-
terned responses. Choosing the first acceptable
response that comes to them is called “recognition-
primed decision making” [40, 41]. Thus, competent
decision makers in complex domains are very con-
cerned about quickly assessing and maintaining
awareness of the current clinical situation.

Expertise is more than simply having extensive
factual knowledge — it also includes the comple-
mentary skills, attitudes and the ability to deploy
these skills in timely, measured and precise man-
ner. Experts have specific psychologic traits (e.g.,
self-confidence, excellent communication skills,
adaptability, risk tolerance) and cognitive skills
(e.g., highly developed attention, sense of what is
relevant, ability to identify exceptions to the rules,
flexibility to changing situations, effective perfor-
mance under stress, and ability to make decisions
and initiate actions quickly based on incomplete
data). Clinical experts use highly refined decision
strategies such as dynamic feedback, decompos-
ing and analyzing complex problems, and pre-
thinking solutions to tough situations [42].

A key attribute of expertise in cardiac care is
the ability to anticipate or to predict what might
happen to a patient given his underlying pathol-
ogy and the resources available. Mental simula-
tion including rehearsal, whereby individuals or
teams envision (simulate) a possible future clini-
cal event or clinical action before it happens, is
essential to gaining the expertise to make diagno-
ses and to perform or function during an evolving
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or future real event [43]. When expert clinicians
simulate situations and actions mentally before
they undertake them in real life, the evidence in
this review suggests that they save time and
improve performance in crucial situations (see
simulation section below).

Human Factors
and the Environment of Care

Human factors research on team decision-making
in complex task environments is of relevance to
cardiac team performance. One must carefully
consider the impact of the many “performance
shaping factors” that can shape and degrade car-
diac surgical outcomes (Table 5.5).

Situation Awareness

One of the most important skills in cardiac surgical
care is to decide what to devote attention to and
what can wait. Where data overload is the rule and
the patient’s status changes continually, the ability
to recognize clinical cues quickly and completely,
detect patterns, and set aside distracting or unim-
portant data can be life saving. Situation awareness
(or situation assessment) is a comprehensive and
coherent representation of the (patient’s) current
state that is continuously updated based on repeti-
tive assessment [44].

Situation awareness appears to be an essential
prerequisite for safe operation of any complex
dynamic system. In the case of cardiac surgical care,
establishing and maintaining a “mental model” of
the patient’s overall situation and the associated OR/
intensive care unit (ICU) facilities, equipment, and
personnel are essential for developing effective situ-
ational awareness. Successful team situation aware-
ness requiring constant communication enables
members to converge around a shared mental model
of the situation and course of action [45]. Effective
teams adapt to changes in task requirements, antici-
pate each other’s actions and needs, monitor the
team’s ongoing performance, and offer constructive
feedback to other team members [46]. When team
members share a common mental model of the
team’s ongoing activities, each may “instinctively”
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Table 5.5 Performance
shaping factors affecting
surgical care

Performance shaping factor
Individual factors

Task factors

Team/communication

Environment of care

Equipment/tools

Organizational/cultural

know what each of their teammates will do next (and
why), and often communicate their intentions and
needs non-verbally (sometimes called implicit
communication).

A Systematic Approach
to the Evaluation of Teamwork
Training

Assessing team performance is key to under-
standing methods to improve the team perfor-
mance and increase the safety of patient outcomes
(Table 5.6).
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Example

Clinical knowledge, skills, and abilities
Cognitive biases

Risk preference

State of health

Fatigue (including sleep deprivation, circadian)
Task distribution

Task demands

Workload

Job burnout

Shiftwork

Teamwork/team dynamics
Interpersonal communication (clinician—clinician and
clinician — patient)

Interpersonal influence

Groupthink

Noise

Lighting

Temperature and humidity

Motion and vibration

Physical constraints (e.g., crowding)
Distractions

Device usability

Alarms and warnings

Automation

Maintenance and obsolescence
Protective gear

Production pressure

Culture of safety (vs. efficiency)
Policies Procedures Documentation requirements
Staffing Cross coverage

Hierarchical structure

Reimbursement policies

Training programs

There is an ongoing argument in the literature
that team process and outcomes must be distin-
guished [47]. Processes are defined by the activi-
ties, strategies, responses, and behaviors
employed by the team during task accomplish-
ment, while outcomes, are the clinical outcomes
of the patients cared for by the team. Process
measures are important for training when the
purpose of performance measurement is to diag-
nose performance problems and to provide feed-
back to trainees. Until recently, the medical
community has focused more on outcomes than
on process measures. Medical educators have
begun to appreciate the competencies that define
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Table 5.6 Questions to ask when assessing surgical team
performance

Is the team the right size and composition?

Are there adequate levels of complementary skills?

Is there a shared goal for the team?

Does everyone understand the team goals?

Has a set of performance goals been agreed upon?

Do the team members hold one another accountable for
the group’s results?

Are there shared protocols and performance ground rules?
Is there mutual respect and trust between team members?

Does the team leader instill trust and mutual respect by
the team members?

Do team members communicate effectively?

Do team members know and appreciate each other’s
roles and responsibilities?

When one team member is absent or not able to
perform their assigned tasks, are other team members
able to pitch in or help appropriately?

effective team processes [48]. The key is to iden-
tify and measure processes that are directly
related to patient outcomes (e.g., successful
resuscitation). Perhaps most importantly, the
results of the assessment must be translatable
into specific feedback about technical or non-
technical issues that can enhance the team’s per-
formance in achieving a safe outcome [49].

There are a variety of methods to support the
team’s reflection and evaluation of their team
performance including debriefing with or without
the use of videotaping, simulation with or with-
out standardized patients, and the use of trained
observers. Although metrics are available in non-
medical domains, there are few well-defined vali-
dated metrics to assess competency in complex
clinical team activities such as resuscitation. No
rigorous evaluation studies have been undertaken
that relate the training experience with actual
clinical outcomes thereby validating metrics for
assessing team performance.

Simulations that use pre-scripted learner-
focused scenarios not only ensure that relevant
competencies are being assessed, but also ease
the assessment process because instructors know
when key events will occur [50]. Evaluation, both
formative and summative, must provide a basis
for diagnosing skill deficiencies. In other words,
it is not enough that a simulation captures perfor-
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mance outcomes; it must also evaluate the pro-
cess of moment-to-moment actions and reactions
to help better design effective care.

Video-Analysis of Surgical Care

Videotaping of surgical team performance can be
a tremendously valuable training tool because it
addresses factual challenges, helps trainees clearly
visualize the event, and can be used as a perma-
nent record or as an archive for future educational
activities. Beginning with the experience of Hoyt
etal. in the late 1980s [51], videotaping and review
of resuscitations has become a standard quality
assurance method for many trauma centers.
Subsequent work has confirmed benefits from
improved team education and training, more effi-
cient and accurate quality assurance (QA) pro-
cesses, interventions to improve care processes,
and better patient survival [33, 52]. In a study of
simulated anesthetic crises, trainees’ review of
their performance on videotapes of the events led
to a decrease in “time to treat” and workload in
subsequent simulations [53]. Scherer et al. [54]
found that video-based feedback of trauma resus-
citations reduced patient disposition time by 50 %.
However, videotaping of patient care requires
overcoming substantial obstacles including medi-
colegal, confidentiality, logistical and resource
issues, and analytical limitations [55, 56].
Nevertheless, the ability of multiple instructors to
score performance from videotape allows the eval-
uation of the inter-rater reliability of performance
assessment metrics. In a simulation-based study,
investigators used videotape to develop and assess
a systematic rating system of behavioral and clini-
cal markers with the objective of creating effective
team-training and assessment programs with high
correlation among different observers [57].

Simulation for Team Training
and Assessment

There are substantial ethical and educational lim-
itations to the use of patients for the clinical train-
ing of individuals and teams. The opportunities
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to learn and practice desired responses to uncom-
mon events or types of injuries can be quite lim-
ited, even in a busy medical center. In fact, actual
surgical resuscitations such as massive bleed-
ing, air embolism and acute tamponade are not
optimal training opportunities because patient
care takes precedence over teaching. Meaningful
learning occurs after events when there is time
to reflect and review events of the care, and
examine what worked well and what could have
been improved. Moreover, many cardiac surgical
emergencies occur in an uncontrolled environ-
ment under time pressure constraints. Societal
and regulatory pressures will increasingly limit
the use of real patients, especially critically ill
ones, for hands-on clinical training. High-fidelity
patient simulators allow educators to provide
repeatable, controlled clinical scenarios, afford-
ing individuals and teams the freedom to fail
without jeopardising patient health [58]. The sim-
ulation environment allows concurrent assess-
ment of response processes while increasing
competency training. Simulation training enables
trainees to become proficient before treating
patients [59]. The fidelity offered by simulators
provides the best approximation of the novelty
that may be encountered when performing other
complicated clinical procedures in situ. Although
access to simulation tools and approaches is rap-
idly expanding, there is no general agreement
about what is optimal process, device specifica-
tions, metrics to evaluate curricula or their effec-
tiveness, standardized performance measures, or
validated protocols for training.

Inroads have recently been made in this area
with the development of frameworks such as
Non-Technical Skills for Surgeons (NoTSS)
[60], Anaesthetic Non-Technical Skills (ANTS)
[61], and Scrub Practitioners List of Intra-
Operative Non-Technical Skills (SPLINTS),
which allow a common taxonomy and frame-
work with which to develop process measures in
the teamwork domain within the operating suite
environment, and which may carry over to other
settings [62]. It is important to note that these are
observational frameworks, designed to be used to
measure observed behaviours in the operating
room. They do not establish standards of perfor-
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Table 5.7 Essential skills in surgical crew resource man-
agement courses

Adaptability

Prioritization of tasks

Shared situation awareness and distribution of the
workload

Team communication before and after patient arrival
Mobilization and use of all resources in the trauma care

that extends to the operating room, intensive care unit,
and diagnostic facilities

Performance monitoring and cross-checking of data
and team functions

Command, communication, and coordination of
feedback

Leadership and management of the team members
ability to accept leadership

Willingness to challenge each other and resolve conflict
Adapted from [62, 65]

mance, and are not specifically intended for use
in a training environment, although may provide
useful measures in some simulation scenarios.

Simulation has been widely touted as a tool to
improve clinical care through enhanced training
and evaluation. Simulations can include patient
actors (e.g., standardized patients [63]), PC-based
partial task trainers [59], or full-scale realis-
tic patient simulation [58] (discussed below).
Simulation is an essential training tool in almost
every other high-risk domain including aviation,
space flight, military operations, nuclear and
hydroelectric power generation, ground and sea
transportation, and chemical process control [64].

There are many benefits to be obtained from
medical simulation and crew resource manage-
ment (Table 5.7).

Simulations can permit clinicians to learn new
or improve old techniques safely and economi-
cally without posing harm to patients or to train-
ees [58, 65]. Simulations can be controlled and
modulated according to a team’s needs [66].
Decision-making skills can be embedded into the
scenario to train for reasoning, meta-cognition,
risk assessment skills, and responsiveness to
adverse events [67]. Guided practice with video-
based feedback that incorporates measures of per-
formance can be considered managed experience
[68]. Lessons taught in a realistic simulation envi-
ronment may be retained better, due to ability to
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review events again and again, active learning and
focused concentration, and direct association with
real-world clinical events. Thus, surgical teams
using simulation can train, evaluate, and creden-
tial providers before letting them join clinical
activities.

The literature has begun to provide evidence
for the value of realistic patient simulation (RPS)
to train and evaluate trauma teams [69]. A study
by Holcomb et al. [70] evaluated ten teams of
three-trainees before and after a 1-month trauma
center rotation using RPS scenarios. The teams
showed significant improvement on multiple
measures of technical and non-technical skills,
supporting the face validity of RPS-based techni-
cal performance assessment. Lee et al. [71] con-
ducted a prospective randomized, controlled trial
of surgical interns’ trauma assessment and man-
agement skills after using either RPS or moulage
practice training sessions. RPS-trained interns
scored higher on trauma assessment skills and on
the management of an acute neurologic event.

Procedural Rehearsal and Warm Up

Rehearsal and warm-up aim to improve both the
operator and team performance by improving the
manual dexterity, mental agility, confidence, com-
munication and workflow. Rehearsal is considered
the practice of technical and non-technical skills
specific to a procedure, while warm-up is defined as
‘the act or process of warming up for a contest, by
light exercise or practice’ [72]. In healthcare, warm-
up may be considered the practice of motor or men-
tal exercises not specific to a procedure, when
undertaken immediately prior to the task being per-
formed. For example, the use of a high-fidelity sim-
ulator by the operator, prior to performing a
coronary artery angiogram, to place virtual stents is
considered rehearsal; while, practicing manual dex-
terity skills using a low-fidelity simulator prior to
arterial cannulation is considered a warm-up.
Rehearsal and warm-up are gaining increasing rec-
ognition, as important processes in enhancing team
performance and improving patient safety, whether
for acquiring competencies or maintaining proce-
dural and technical proficiency [73-75].
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Realistic Patient Simulation

Realistic patient simulators are fully interac-
tive physical simulations in which the device’s
responses to clinical interventions are scripted to be
realistic. In the highest-fidelity simulators, the man-
nequin’s response is based on detailed physiologic
and pharmacologic computer models. The goal is
for the simulator to respond to clinical interventions
similar to how a patient would respond. Thus, the
participant interacts with a realistic cognitive and
physical representation of the full acute-care envi-
ronment and thereby experiences emotional and
physiologic responses similar to those experienced
in real patient-care situations [76]. Realistic patient
simulators consist of a computer-controlled system
and a plastic patient mannequin that generates phys-
iologic signals such as electrocardiogram, invasive
and noninvasive blood pressure, lung sounds, and
palpable pulses, which allows for realistic airway
management [58, 76]. The mannequin’s head con-
tains a speaker so that the participant can converse
with the patient when contextually appropriate.
Participants can query the operator as needed con-
cerning physical signs not reproduced by the man-
nequin, such as skin color and diaphoresis. There
are multiple technical, financial, and methodologic
issues that affect the design and implementation of
realistic patient simulation-based training programs
[64, 77]. Nonetheless, patient simulators have facil-
itated study of the response to critical incidents,
the occurrence of medical error, the role of team-
work, and the effects of other factors on clinical
performance.

Scenario Design

Oser and colleagues [78] have outlined specific
steps for developing simulated scenarios for elicit-
ing team behaviors. First, skill inventories and his-
torical performance data are reviewed to identify
what needs to be measured (cognitive task analy-
sis). Identifying the core measurement objectives
builds content validity into the scenario. Second,
scenario events are created that provide specific
reproducible opportunities to observe performance
related to the objectives chosen. Third, performance
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measures are developed that accurately and reli-
ably assess performance of the objectives. Measures
should have the ability to describe what happened
(i.e., outcome measures) in addition to describing
why certain outcomes were or were not attained
(i.e., process measures).

Setting Up the Training Program

A typical simulation-based training course will
include a pretest, preparatory didactics (lecture,
web, or hands-on demonstrations), the performance
of one or more standardized scripted scenario(s)
that are videotaped, postsimulation videotape-
based debriefing, and a post training evaluation of
both the trainee and the training experience. The
debriefing is the most important experience, espe-
cially when doing multidisciplinary team training
[79]. Debriefing should occur immediately after
each simulation scenario and not uncommonly can
last longer than the scenario itself [80].

Organizational Environment -
The Role of Clinical Microsystems

Teams exist within the context of a system. A sys-
tem is a set of interacting, interrelated, or indepen-
dent elements that work together in a particular
environment to perform the functions that are
required to achieve a specific aim [81]. A clinical
microsystem is a group of clinicians and staff
working together with a shared clinical purpose to
provide care for a population of patients [82]. The
clinical purpose and its setting define the essential
components of the microsystem, which include
clinicians, patients, and support staff; information
and technology; and specific care processes and
behaviors that are required to provide care. The
best microsystems evolve over time, as they
respond to the needs of their patients and provid-
ers, as well as to the external pressures such as
regulatory requirements. They often coexist with
other microsystems within a larger (macro) orga-
nization, such as a hospital [83].

The conceptual theory of the clinical microsys-
tem is based on ideas developed by Deming [84] and
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others. Deming applied systems thinking to organi-
zational development, leadership, and improvement.
The seminal idea for the clinical microsystem stems
from the work of James Quinn [85]. Quinn’s work is
based on analyzing the world’s best-of-best service
organizations, such as FedEx, Mary Kay Cosmetics,
McDonald’s, and Nordstrom. Quinn focused on
determining what these extraordinary organizations
were doing to achieve consistent, high quality, explo-
sive growth, high margins, and robust consumer
loyalty. He found that these leading service orga-
nizations organized around, and continually engi-
neered, the front-line relationships that connected
the needs of customers with the organization’s core
competency. Quinn called this front-line activity that
embedded the service delivery process the smallest
replicable unit or the minimum replicable unit. This
smallest replicable unit, or the microsystem, is the
key to implementing effective strategy, information
technology, and safe practices.

Nelson and his colleagues [86] have described
the essential elements of a microsystem as (1) a
core team of health care professionals; (2) a
defined population they care for; (3) an informa-
tion environment to support the work of caregiv-
ers and patients; and (4) support staff, equipment,
and work environment. Linking performance and
outcome data to the microsystem model provides
a helpful way to identify potential areas for
improvement that does not focus on the individ-
ual, but instead on the system that is producing
the processes and outcomes of care [83, 87].

In the late 1990s, Donaldson and Mohr investi-
gated high-performing clinical microsystems [88].
The research was based on a national search for
the highest-quality clinical microsystems. Forty-
three clinical units were identified using a sam-
pling methodology. Semi-structured interviews
were conducted with leaders from each of the
microsystems. Additional research built on the
Donaldson and Mohr study in which 20 case stud-
ies of high-performing microsystems were col-
lected and included on-site interviews with every
member of the microsystem and analysis of indi-
vidual microsystem performance data [89]. The
analysis of the interviews suggested that ten
dimensions, shown in Table 5.8, were associated
with effective and successful microsystems.
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Table 5.8 Ten dimensions of clinical microsystems

. Leadership

. Organizational support of clinicians
. Staff focus

. Education and training

. Interdependence of team members

. Patient focus

. Community and market focus

. Performance results

O 0 N LW =

. Process improvement
. Information and information technology

—_
=]

Teamwork Protocols and Patient
Transitions

The most common factor cited as causing fail-
ures in teamwork is lack of effective and mean-
ingful communication. One issue that deserves
investigation is the extent to which standardized
communication protocols, similar to those used in
military and aviation environments, can enhance
teamwork and improve patient safety. In observa-
tions focused on handoffs from the intraoperative
to postoperative team [90], as well as intensive
care unit (ICU) handoffs from operating room
team members [91], there was no constancy in the
information that was transferred nor in the order
in which it was transferred. The result was that
important information was sometimes omitted
[92]. Recipients did not detect the missing infor-
mation because they did not have the scaffolding
that a standard briefing protocol with an expected
set of parameters would provide. Recent papers
on the power of the surgical checklists to reduce
several intraoperative adverse events reinforce this
point [93]. Issues raised by these studies include
the need for organizing research into the types of
errors that providers are susceptible to during the
sign-out process, roles of personality, experience,
and cultural factors, particularly as they may affect
the incoming provider’s inquisitiveness, and the
potential impact on patient care of various meth-
ods of signing out. A standardized handoff pro-
tocol could decrease the cognitive burden on the
recipients of the information [94, 95].

However, what has become clear, is that the
manner a checklist is implemented and overseen
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can contribute to the tool’s uptake and compli-
ance by clinicians. [96]. Genuine engagement by
physicians is critical to the adoption of new care
models. Ineffective top-down engagement and
inauthentic partnering with clinicians inhibits
positive behavior change and encourages normal-
ized deviance [97, 98].

Introducing a checklist in an environment char-
acterized by a lack of trust may cause clinicians to
feel jeopardized professionally and personally,
and encourages gaming. This may explain the
inordinate checklist compliance numbers in the
study. Surgical checklist implementation is likely
to be optimized when used as a tool in a multifac-
eted cultural program to strengthen patient safety
and drive improvement [99]. It cannot be assumed
that the introduction of a checklist will automati-
cally lead to improved communication and clinical
processes. We are reminded of Drucker’s apt apho-
rism “culture eats strategy for breakfast” [100].

Organizational Environment

In complex organizations and environments, teams
do not exist in isolation. The performance of indi-
vidual teams, as well as the team’s attitudes toward
patient safety, is a function of the milieu, or the cul-
ture, in which the team works. Thus, the effective-
ness of any particular team cannot be properly
assessed without considering the larger system
within which the team functions. In a hospital envi-
ronment, small teams, such as operating teams,
coordinate with other teams within the periopera-
tive microsystem environment that are involved in
patient care, and these teams are embedded within
larger teams that are directly and indirectly involved
in patient care. When looking at the effectiveness
of teamwork training for patient safety, it is critical
to appreciate how training is supported and rein-
forced by the organization in which it occurs.
Factors that need to be addressed include [90]:
¢ Organizational climate: Does the organiza-
tional culture support striving for patient
safety? Does it allow for nonpunitive report-
ing of problems and near misses?
¢ Organizational support: Is time for training
provided whereby trainees are temporarily
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relieved of their regular duties? Is training
viewed as more than just a necessary check-
mark? Is teamwork training widespread and
rewarded across the organization?

» Extent of training. Does the organization only
train isolated teams? Does the training of peri-
operative teams incorporate the “wider” peri-
operative team (e.g., including for example,
blood bank, radiology)?

Training Approach and Quality

There are a number of factors that impact on the

effectiveness of team training, including:

* Training protocol: How is training achieved?
What methods are used to impart knowledge?
How are practice and feedback incorporated
into training?

 Trainer skill: Is the individual who is in charge
of leading the training and providing feedback
adequately trained?

e Practice medium and method: How is practice
carried out? What simulation environment is
used (i.e., mannequin, virtual, video)? How
much practice is given? It is possible that a
teamwork training program that does not yield
improvements in teamwork may be pedagogi-
cally sound, but may require more opportuni-
ties for practice and feedback in order to show
quantitatively detectable improvements?

» Training intensity: Is it more effective to con-
duct training over a short time period (e.g.,
1-2 days) or to conduct training over a longer
time period (e.g., 2-3 h per week for several
weeks)? Which is less disruptive for the train-
ees and for the system in which they work?

TeamSTEPPS Team Training Program’

Team Strategies and Tools to Enhance Performance
and Patient Safety (TeamSTEPPS™) is a systematic
approach developed by the Department of Defense
(DoD) and the Agency for Healthcare Research

'This section is based on references [4, 32, 48,
101-105].
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and Quality (AHRQ) to integrate teamwork into
practice. It is designed to improve the quality, safety,
and the efficiency of health care. TeamSTEPPS is
based on 25 years of research related to teamwork,
team training, and culture change. As a direct out-
come of the 1999 Institute of Medicine (IOM)
report, 7o Err is Human, TeamSTEPPS introduced
tools and strategies to improve team performance in
health care.

The teamwork competencies presented and their
research basis served as the foundation for
TeamSTEPPS. With that information as a starting
point, the goal of AHRQ and DoD was to take this
academically oriented information and convert it to
a framework that was meaningful from an instruc-
tional standpoint. Yet, it is difficult to directly train
the skill of adaptability/flexibility, which is required
when responding to unpredictable situations teams
may encounter. Therefore, TeamSTEPPS instructs
team members to monitor the performance of others
and provide assistance, plan and organize team
roles, and communicate with one another efficiently
and effectively [48]. Combined, these skills can
yield a highly adaptable and flexible team.

To develop the TeamSTEPPS instructional
model, teamwork competencies from the litera-
ture were classified as trainable or as competen-
cies that are the result of employing these trainable
skills (i.e., outcomes). For example, shared mental
models were viewed as an outcome of using moni-
toring and back-up behaviors [102]. The resulting
TeamSTEPPS instructional framework is presented
in Fig. 9, where the core competencies include
the trainable skills of leadership, situation moni-
toring (mutual performance monitoring), mutual
support (backup behavior), and communication.
Performance, knowledge, and attitudinal outcomes
are then depicted in the corners, resulting from pro-
ficiency on the central skills or core competencies
[103].

Course Description

The TeamSTEPPS curriculum (Fig. 5.1) contains
an introductory module relating to the history of
team training. Four didactic-based modules dis-
cuss the core competencies/skills:
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Performance

Communication

Leadership

Mutual
support

Situation
monitoring

Knowledge

Fig.5.1 TeamSTEPPS model

The curriculum includes modules on Leadership,
Situation monitoring, Mutual support, and most
importantly, Communication [103]. Emphasis is
placed on defining team skills, demonstrating the
tools and strategies team members can use to gain
proficiency in the competencies/skills, and identifica-
tion of tools and strategies that can be used to over-
come common barriers to achieve desired outcomes
[104]. Specialty case scenarios and video vignettes
are used to further reinforce the learning [105].

The Delivery System
The TeamSTEPPS initiative also includes sev-

eral sessions devoted to Implementation, a mul-
tiphase process based on John Kotter’s model

Attitudes

of organizational change [106]. A successful
TeamSTEPPS Initiative requires a carefully
developed implementation and sustainment plan
that is captured in Figure 5.2.

Phase I: Assessment - Set the Stage

The goal of Phase I is to determine organizational
readiness for undertaking a TeamSTEPPS initia-
tive. During the pre-training assessment of Phase I,
the organization or work unit identifies leaders
and key champions that will make up the
organization-level change team. The role of this
organization-level change team is to identify spe-
cific opportunities for improvement that can be
realized by employing a teamwork initiative.
A site assessment is conducted to determine the
readiness of the institution to include vital support
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Tools and

Barriers Strategies Outcomes
Inconsistency in team * Brief Shared mental model
membership e Huddle Adaptability
Lack of time ¢ Debrief Team orientation
Lack of information sharing e STEP Mutual trust
Hierarchy ¢ Cross monitoring Team performance
Defensiveness ¢ Feedback Patient safety!!
Conventional thinking ¢ Advocacy and assertion
Complacency * Two-challenge rule
Varying communication * CUS
Styles e DESC Script
Conflict * Collaboration
Lack of coordination and * SBAR
follow-up with co-workers ¢ Call-out
Distractions * Check-back
Fatigue ¢ Handoff

Workload
Misinterpretation of cues
Lack of role clairty

Fig.5.2 TeamSTEPPS™ Curriculum

of leadership, potential barriers to implementing
change, and whether resources are in place to
successfully support the initiative. Such practice
is typically referred to as a training needs analy-
sis; it is a necessary first step to implementing a
teamwork initiative [107].

A final determination is based on whether
improved team performance—to include employ-
ing a TeamSTEPPS initiative—is the appropriate
intervention necessary to impact change. A thor-
ough needs analysis may uncover many underly-
ing issues within the institution (e.g., systems
problems, equipment problems, staffing short-
ages). The role of leadership is to assess the over-
all needs of the organization based on the analysis
and determine the appropriate interventions.

Phase lI: Planning, Training,

and Implementation - Decide

What To Do and Make It Happen

Phase II is the planning and execution segment of
the TeamSTEPPS Initiative. Typically, the change
team (or specific designees) complete a 2Y2-day
intensive TeamSTEPPS train-the-trainer session
(as described later, AHRQ is developing an infra-
structure to support such training). Provided in this
session is the core TeamSTEPPS curriculum to

include scenarios, case studies, multimedia, and
simulation. Culture change and coaching work-
shops that entail the provision of skills and strate-
gies necessary for implementation, sustainment,
and spread of the initiative are introduced. A 4-h
block of time is devoted to participant development
of a customized TeamSTEPPS Implementation
and Action Plan. Each unit or department produces
a tangible report detailing exactly how the initiative
will be executed to best meet their unique circum-
stances. At the end of the session, participants are
provided an opportunity to practice teach a module
of the core curriculum using specialty-specific sce-
narios appropriate to their units or departments.
Peer and instructor feedback serves to reinforce
understanding of the content, along with refine-
ment of presentation skills.

TeamSTEPPS is tailored to the organizational
culture in which it is being implemented. Options
include implementation of all tools and strategies
throughout the entire organization, a phased-in
approach that targets specific units or depart-
ments, or selection of individual tools introduced
at specific intervals (a dosing strategy). As long
as the primary learning objectives are maintained,
the TeamSTEPPS materials are extremely
adaptable.
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Phase lll: Sustainment—Make It Stick

The goal of Phase III is to sustain and spread improve-

ments in teamwork performance, clinical processes,

and outcomes resulting from the TeamSTEPPS

Initiative. During this phase, users will:

* Integrate teamwork skills and tools into daily
practice.

* Monitor and measure the on-going effective-
ness of the TeamSTEPPS intervention.

* Develop an approach for continuous improve-
ment and spread of the intervention through-
out the organization or work unit.
Sustainment is managed by the designated

change team through coaching and active observa-
tion of team performance. It involves continuing
training of the core curriculum through refresher
courses and newcomers’ orientation, conducting
continual evaluations of teams throughout the orga-
nization, and providing meaningful, ongoing feed-
back to staff members in the workplace, where
day-to-day health care is provided.

Team Training Research
Recommendations

Cardiac team performance measures must be
grounded in team pedagogical theory, account for
individual and team-level performance, capture
team process and outcomes, adhere to standards
for reliability and validity, and address real or
perceived barriers to measurement [4]. A number
of guidelines and recommendations for research
on teamwork training effectiveness can be made.
The recommendations are organized into those
that can be achieved in nearer-term and those that
can be considered after the initial research phase
is well under way.

Nearer-Term Recommendations

* Clearly specify the training objectives. What
knowledge, skills, and attitudes (KSAs) are
being trained based on local practice?

* Design scenarios that link scenario events to
training objectives. These scenarios could be
developed from reported team errors or near
misses in which specified teamwork skills
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were lacking. Ensure that the scenario includes
events that trigger trainees to perform the spe-
cific competencies targeted for training in that
scenario.

Describe a set of scenarios that can be used to
evaluate the effectiveness of varying training
programs. Specify the training objectives that
each scenario is suitable for evaluating.
Develop, validate and apply observer-based
measures of teamwork process to medical
teams (Box 5.1). This will allow researchers
to assess whether and, if so, which teamwork
KSAs improve with training.

Support multiple research studies in which
training is evaluated using a common set of sce-
narios and common measurement instruments.
Support training oriented to multidisciplinary
teams so that medical team members train in
the teamwork context in which they work.
Train intact teams. In later phases, study
whether training carries over to participation
in newly formed teams.

Box 5.1. Recommendations for Observing

Teamwork in the Operating Room

Use a detailed process map to write down
observations.

Rate both moment-to-moment processes
and outcomes.

Try various teamwork classification tools
and adjust them to fit the observers’
requirements and the context in which
observations take place.

Use rating scales to judge the quality of
teamwork processes; scales should be
based on a single dimension (eg, impact
on teamwork).

Train observers on video recordings of real
operations (not scripted performance),
preferably 1 to 2 hr in duration.

Discuss discrepancies in coding and settle
on an accepted definition and ‘gold stan-
dard, so raters will adopt a common
frame of reference.

Use video recordings repeatedly to test for
inter-rater reliability.
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Rate teamwork in real time and not afterwards.
Verify observations immediately after the
operation with personnel involved in the
operation (i.e, interviews, questionnaire).
Solicit opinions of all team members
involved by distributing questionnaires
before and after the operation.
Observers should remain a ‘fly on the wall’
during the operation and not become
involved in the clinical team’s work.

Longer-Term Considerations

Introduce declarative and procedural knowl-
edge related to the critical components of
teamwork early, and reinforce this knowledge
throughout the healthcare professional’s
school curriculum.

Study the effect of incorporating into training
communication protocols (such as readback
and a standardized communication form for
handoffs) for enhancing communication and
team situation awareness.

Carry out similar training in multiple environ-
ments to assess the effects of environmental
(i.e., noise, distractions), organizational fac-
tors on training effectiveness.

Research training factors (such as amount of
practice and quality of feedback) that impact
the degree to which teamwork training is
effective in promoting high-quality patient
care and patient safety.

Develop licensure and certification process
should assess and regulate health care provid-
ers teamwork-related competence.

Assess the role of simulation in advancing
team training and patient safety.

Conclusions

Teams make fewer mistakes than do individu-
als, especially when each team member knows
his/her responsibilities, as well as those of the
other team members. However, simply bring-
ing individuals together to perform a specified
task does not automatically ensure that they
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will function as a team. The role of the clinical
microsystem as the unit of training and mea-
surement is key [108]. Cardiac teamwork
depends on a willingness of clinicians from
diverse backgrounds to cooperate in varied
clinical settings (i.e., clinic, operating theatre,
intensive care unit, catherization laboratory,
etc) toward a shared goal, communicate, work
together effectively, and improve.

To achieve high reliability and consistent
performance, each team member must be able
to: (i) anticipate the needs of the others; (ii)
adjust to each other’s actions and to the chang-
ing environment; iii) monitor each other’s
activities and distribute workload dynami-
cally; and (iv) have a shared understanding of
accepted processes, and how events and
actions should proceed (shared mental model).

Teams outperform individuals especially
when performance requires multiple diverse
skills, time constraints, judgment, and expe-
rience. Nevertheless, most people in health
care overlook team-based opportunities for
improvement because training and infra-
structure are designed around individuals and
incentives are all individual based. Teams
with clear goals and effective communica-
tion strategies can adjust to new information
with speed and effectiveness to enhance real-
time problem solving. Individual behaviors
change on a team more readily because team
identity is less threatened by change than are
individuals.

Future work should continue to evaluate
the timing, duration and impact of sustainabil-
ity of team training. This includes evaluating
the impact of team-training on patient safety
outcomes, evaluating team-training in other
settings (e.g., emergency department, outpa-
tient surgical care settings), examining the
comparative effectiveness of different meth-
ods for delivering team-training, and examin-
ing implementation methods to support
sustaining behavior changes achieved through
training. For example, there is little evidence
available to date that provides insight into the
frequency of retraining or dedicated practice
needed to develop and maintain effective
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teamwork skills. Additionally, there is a need
to examine how dynamic team composition
(i.e., changes in team membership, absence of
key members) moderate team processes and
the effects of team-training.

Turning cardiac care experts into expert
teams requires substantial planning and practice.
There is a natural resistance to move beyond
individual roles and accountability to a team
mindset. One can facilitate this commitment by:
(1) fostering a shared awareness of each mem-
ber’s tasks and role on the team through cross-
training and other team training modalities; (2)
training members in specific teamwork skills
such as communication, situation awareness,
leadership, “followership,” resource allocation,
and adaptability; (3) conducting team training in
simulated scenarios with a focus on both team
behaviors and technical skills; (4) training team
leaders in the necessary leadership competencies
to build and maintain effective teams; and (5)
establishing reliable methods of team perfor-
mance evaluation and rapid feedback.

The roadmap for future research must include
how teamwork training should be structured,
delivered, and evaluated to optimize patient
safety in the perioperative setting. For teamwork
skills to be assessed and have credibility, team
performance measures must be grounded in
team theory, account for individual and team-
level performance, capture team process and
outcomes, adhere to standards for reliability and
validity, and address real or perceived barriers to
measurement. The interdisciplinary nature of
work in the perioperative environment and the
necessity of cooperation among the team mem-
bers play an important role in enabling patient
safety and avoiding errors. Training team leaders
and surgical teams in this manner will lead to
better satisfaction, joy at work and reduced burn-
out of surgical team members.
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Abstract

In the past decade, there has been an increased focus on quality and safety in
health care. Decreasing variation, increasing adherence to evidence based
guidelines, monitoring processes, and measuring outcomes are critical for
improving quality of care. This focus is further enhanced because of the
high cost of health care and potential for harm. Patient safety is a discipline
that applies safety science methods toward the goal of achieving reliable
patient outcomes. The cardiac intensive care unit, in particular, brings car-
diovascular surgery, anesthesia, cardiology, critical care physicians and
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with critical cardiac disease.
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Introduction

In the past decade, there has been an increased focus
on quality and safety in health care. Decreasing
variation, increasing adherence to evidence based
guidelines, monitoring processes, and measuring
outcomes are critical for improving quality of care.
This focus is further enhanced because of the high
cost of health care and potential for harm.

Quality Improvement (QI) initiatives in the
intensive care unit, a common location for harm
to occur due to the acuity of care provided, have
focused on reducing preventable harm such as
nosocomial infections and medication errors.
These efforts have been shown to improve out-
comes as well as decrease costs [1, 2].

Patient safety is a discipline that applies safety
science methods toward the goal of achieving a
reliable system of health care delivery. Patient
safety is also an attribute of health care systems;
it minimizes the incidence and impact of, and
maximizes recovery from, adverse events. Patient
safety is both a way of doing things and an emerg-
ing discipline.

The cardiac intensive care unit, in particular,
brings cardiovascular surgery, anesthesia, cardi-
ology, critical care physicians and nurses together
in a coherent clinical microsystem to deliver care
at the “sharp end”. This group of driven individu-
als must coalesce to form a team in order to pro-
vide high quality and safe care. This team is
vested in using quality improvement and safety
science to advance the care of patients with criti-
cal cardiac disease. This review discusses the
general principles of high reliability teams, situ-
ational awareness as a tool to enhance safety,
team performance and competency.

High Reliability Teams

The term high-reliability teams has been used to
describe teams that consistently and effectively
work interdependently toward a shared goal in a
complex environment [3]. Such teams are able to
make good decisions in complex and changing
environments and under high levels of stress
consistently and effectively over time [4]. These
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teams are skilled in closed-loop communication,
which is, the exchange of clear information,
acknowledgment of receipt of that information,
and confirmation of its correct understanding. A
safe, honest, and transparent environment, also
called psychological safety, is created where con-
cerns can be expressed safely without defensive-
ness, the perception of attack or the perception of
endless debate [5]. A high-reliability team is a
concept that has evolved from high-reliability
theory [3]. High-reliability theory focuses on
organizations with complex environments, such
as air traffic control systems and nuclear power
plants, where ample opportunities are available
for errors to lead to catastrophic consequences.
What separates these organizations from other
complex industries is that their errors are pre-
vented or managed, despite incredible complex
interdependencies, such that the consequences
are minimized. High-reliability theory proposes
that such organizations promote a culture that
prioritizes safety and vigilance and responsive-
ness to potential accidents over blind compliance
and rote rules [6]. The health care industry, as a
whole, has a fairly disappointing record of reli-
ably delivering evidence-based practice while
simultaneously avoiding harm. Although pediat-
ric intensive care unit (PICU) specific data are
limited, several studies provide support that the
intensive care unit is no exception. Two prospec-
tive studies in the 1990s estimated that iatrogenic
adverse complications occurred in 5-8% of PICU
admissions [7, 8].

High-reliability organizations (HROs) create
collective mindfulness through five principles/
processes aimed at the anticipation and contain-
ment of the unexpected (i.e.: errors and harm).
Containment differs from anticipation in that it
aims to prevent unwanted outcomes after an
unexpected event has occurred rather than to pre-
vent the unexpected event itself. The three prin-
ciples of anticipation are preoccupation with
failure, reluctance to simplify and sensitivity to
operations. The two principles of containment
are deference to expertise and commitment to
resilience [9]. A pediatric cardiac intensive care
unit (CICU) would serve as a microcosm of an
organization with environmental complexity in
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which high risk is the norm and the need for high
reliability is essential to its operations.
Application of these principles should promote
the formation of a high-reliability cardiac team.
The principle of Preoccupation with Failure
necessitates that small, inconsequential errors
be regarded as a symptom that something is
wrong in the system. There is a commitment by
the team to fully investigate “near-misses” and
treat all failures as learning opportunities. With a
consistent and constant concern over failure there
is an investment in the prospective prediction of
care breakdown and how it can occur. The detec-
tion of failure can be challenging in the CICU
where high acuity care is delivered and cardiac
arrest and death is “expected” to occur. In fact,
“near-misses” may be interpreted as a success
by the team in preventing more serious harm.
How good are we at examining occurrences like
a delay in vasoactive infusion administration or
lapse in hand hygiene? Likewise, while detec-
tion of failure is important, it is of little value if
it is not reported and follow-up action is taken
for future process improvement. The principle of
Reluctance to Simplify requires encouraging and
supporting diversity in experience, perspective,
and opinion. It emboldens the team to express dif-
fering opinions; question plans of care and share
events that are suboptimal. Oversimplification
can reduce sensitivity to threats and unintended
consequences, which will undermine situational
awareness and mask “weak signals” as mere
noise not early warnings of impending harm.
Teams composed of individuals with different
expertise (i.e.: multidisciplinary rounds) are bet-
ter able to identify variations in their environment
and to see specific changes that need to be made
[9]. The principle of Semsitivity to Operations
implies attending to what is happening on the
front-line. It is specifically about seeing what is
actually occurring, that is the ability to process on
the fly. It’s the ability to pull together disparate
bits of information. This is irrespective of what
was supposed to be happening based on inten-
tions, designs and plans (i.e.: How good are we
at carrying out elements of infection prevention
bundles?). One of the goals of care is consistency,
which becomes manifest as “routine”. A threat to
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sustained operational sensitivity is for routines to
become mindless, resulting in the loss of inten-
tionality and situation awareness. Likewise, the
high-reliability team must avoid overestimating
the dependability of their operation. As men-
tioned earlier, the “near-miss” is not a reflection
of good team performance but a process warning
that the system needs careful reflection and sharp-
ening. Team situation awareness, helps all team
members keep their attention focused on their key
tasks within their role, but also to cross monitor
the whole CICU or colleagues’ activities [9].

The principle of Commitment to Resilience
requires developing capabilities to detect, con-
tain, and bounce-back from events that do occur.
The high-reliability team is expected to adapt
swiftly, communicate quickly, accurately and
deploy innovative problem solving. High-
reliability teams engage in simulation training to
hone these skills in a safe, controlled environ-
ment. Resilience involves the ability to absorb
strain and preserve functioning despite the pres-
ence of adversity, an ability to recover from
untoward events and the ability to learn and
develop from previous episodes of recovery [9].
There is an emerging body of literature that, in
fact, complication rates tend to be similar across
institutions with high performing centers (low
mortality rates) not necessarily having lower
rates of complications but a lower rate of harm
and death in those who suffer a complication
given their resilience. This concept has been
described as “failure to rescue” where lower per-
forming centers are unable to contain the conse-
quences of an error or complication [10]. The
principle of Deference to Expertise necessitates
pushing decision-making down and around to the
people at the sharp end, those with the most
related knowledge and expertise, even if junior in
hierarchy. The high-reliability team looks to the
front-line staff to find credible and practical
expertise and knowledge about the problem at
hand. It is key to have flattening of the authority
gradient to allow for informed, dynamic and flex-
ible decision-making. Authority flows from trust,
respect, experience, and a shared mental model
of what is happening, what needs to happen and
who best can make the difficult decision [9].
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Situational Awareness

Intensive care units (ICU) provide complex care
for patients at risk for harm and mortality. The
complexity and demanding urgency of treatment
interventions coupled with advances in healthcare
technology and medical procedures create numer-
ous opportunities for serious harm in the
ICU. Over-stimulation can obscure human cogni-
tive function and impede precision, attention span,
knowledge retrieval, concentration, and skill per-
formance [11]. The Institute of Medicine report
“To Err is Human: Building a Safer Health
System”, launched the patient safety movement to
reduce preventable medical harm. The Agency for
Healthcare Research and Quality (AHRQ) recom-
mends healthcare institutions adopt human factors
strategies for situation awareness (SA) to optimize
patient safety, teamwork and decision support.

Human factors engineer, Mica Endsley, is
renowned for her innovative work in designing
and evaluating systems to support human situa-
tion awareness and decision-making. Endsley
defines situation awareness as, “the perception of
elements in the environment within a volume of
time and space, the comprehension of their mean-
ing, and the projection of their status in the near
future” [12]. Endsley’s model for situation aware-
ness illustrates three levels of SA formation: per-
ception, comprehension, and projection. An
individual can perceive the status, attributes, and
dynamics of relevant elements in their environ-
ment, comprehend the elements through the pro-
cesses of pattern recognition, interpretation, and
evaluation and then project the ability to predict
how these elements will affect future states of the
operational environment [12].

Healthcare systems provide multidisciplinary
care and without proper integration, these multi-
ple care providers can compromise the healthcare
team. Endsley describes situation awareness as
instrumental to the success of a team and defines
team SA as “the degree to which every team
member possesses the SA required for his or her
responsibilities” [12]. Endsley and Jones later
created the model of team situation awareness to
conceptualize how individuals share SA within a
team. They define “shared SA” as the degree to
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which team members possess the same SA on

shared SA requirements. There are four factors

that build shared SA in a team [13]:

1. Team SA Requirements: The information the
team members know to share, including
higher-level assessments, projections, task
status and current capabilities.

2. Team SA Devices: Devices available in an envi-
ronment to directly communication information.

3. Team SA Mechanisms: Systems which facili-
tate creating a shared mental model in order to
support the team’s ability to interpret informa-
tion in the same way and make accurate projec-
tions regarding each other’s actions. A shared
mental model can significantly facilitate com-
munication and coordination within a team.

4. Team SA Processes: Team members employ
effective system processes to share SA infor-
mation. These systems may develop processes
to question assumptions, check for conflicting
information or perceptions, coordinate and pri-
oritize tasks, and establish contingency plans.
The success or failure of a team is dependent

on the success or failure of each member. The

model theorizes how high-performing teams
develop high level of shared SA among team
members. Situation awareness strategies have
been utilized to create a culture of safety for the
purpose of reducing serious safety events and
patient harm [1]. Brady and colleagues [14]
developed a sophisticated SA system to proac-
tively identify patients at risk for acute clinical
deterioration. The system processes consisted of
individual and team SA. A patient identification
system was established to create a shared mental
model among the care team for patients at risk for
acute decompensation (Fig. 6.1). Patients were
identified as “watchers” based on the following
criteria: an elevated pediatric early warning
score, administration of high risk therapies, the
expressed concerns of a care provider or family
member and/or communication concerns. To
facilitate this process, the team conducted a unit-
based huddle to develop mitigation plans address-
ing the patients’ signs and symptoms. An
escalation algorithm outlined the process to
heighten awareness at the organizational level.
Three organizational wide huddles occurred daily
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Fig.6.1 Identify, mitigate, and escalate model illustrates
which risk factors were systematically identified and how
standardized communication about risk occurs through-

to review patients at risk for acute clinical dete-
rioration. These SA techniques prompted timely
activation of the medical response team (MRT) to
transfer patients to an ICU prior to acute decom-
pensation. This helped decrease cardiac code
events outside of the ICU and serious safety
events [14].

Utilization of SA systems in the CICU envi-
ronment has been limited. Reader and colleagues
reported a system to assess the SA of an ICU
team and observed that members of the team
formed conflicting anticipations regarding the
likelihood of patient deterioration [15]. The SA
systems utilized in general care units could be
generalizable to most inpatient healthcare envi-
ronments, including the ICU. Although ICUs are
typically considered high acuity environments
with patients at risk for further clinical deteriora-
tion, failure to recognize acute decompensation
in patients can lead to serious safety events. In
order to recognize patients at highest risk for
clinical deterioration or mortality, SA techniques
could be utilized to proactively identify patients
at highest risk for deterioration and mitigate
potential acute events. As noted by Reader and

out Cincinnati Children’s Hospital Medical Center.
Reproduced with permission from Pediatrics, Vol. 131,
pages €298-e308, Copyright (c) 2013 by the AAP

colleagues a key goal of the ICU team is to create
a shared mental model of the patients’ status.
Similar to Brady and colleagues identification
system, criteria to identify those ICU patients at
highest risk for deterioration would foster better
SA among members of the ICU team [15].
Instituting principles of high-reliability over a
24 hour span assures more consistent communica-
tion of SA within a CICU care team. Conducting a
quick 10 min unit huddle prior to morning rounds
offers an opportunity for the clinical care team to
generate an emerging shared mental model for the
identified-at-risk patients they are caring for over
the next shift. The lead physician and charge nurse
facilitate the huddle to foster a partnership between
physicians and nursing. Creating consistent,
scripted processes when facilitating huddles and
rounds can lead to more timely discussion and
clear communication of plans reducing unneces-
sary delay when emergent treatment is necessary
[16]. During the huddle the team reviews the pre-
vious 24 hours discussing predicted events, miti-
gation plans utilized and unexpected patient and/
or operational outcomes (complications, medica-
tion errors, equipment issues, inadequate staffing)
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(Fig. 6.2). Identifying and reviewing safety events
provides timely awareness and appreciation of
system issues. To foster team SA, the team would
discuss plans for the next 24 hours, focusing on the
patients most at risk for deterioration or adverse

Date: Time:

Flow Plan
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events. Potential topics for the huddle might
include: census review, admissions, transfers, dis-
charges, surgical and medical procedures, patients
at highest risk for acute events, infection patterns
in the ICU and the mitigation plans.
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Procedure/ eqpmnt that pose critical
safety risk? (Yes/No, name of
procedure/ equipment)
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Patient Name

Unit to Room # Expected
Transfer Transfer Time or
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What needs to be done before Transfer or D/C

Looking Back

Predicted Events

All CSRs predicted in the past 24 hours. Only POls with a predicted event and or a significant change in the past 24 hours.

Patient Name Remains Did a Predicted Was there a | Mitigation | Follow Up/ Comments —
CSR or POI | Event occur? mitigation Plan What worked well? Opportunities for
(Yes/No) If yes, plan in place? Utilized | improvement?
brief description (Yes/No) (Yes/No)

Fig.6.2 Cincinnati Children’s Hospital Medical Center Heart Institute Inpatient Huddle Model
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Unexpected Patient OQutcomes UPQO (Critical Events not Predicted with a Mitigation Plan)
Any unexpected changes in pt condition during prior day not predicted and discussed: Cardiac Instability - increasing support,
monitoring, adding gtts, Respiratory Instability - increasing support, possible reintubation: Unexpected complication - bleeding,

infection, return to OR; Medical Treatment Errors.

Could this event
be predicted?
(Yes/No)

Patient/ Description of Event —
(was the patient predicted as a
CSR or POI?)

Could this event have
been prevented?
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Follow Up/ Comments ~Opportunities for
improvement?
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Medical Treatment Delays; Unplanned Admissions- without staffing to absorb safely; Overflow; MRTs; Late transfers

Suboptimal Staffing- #RN assignments> #RNs, RTs not at Core.

Could this event
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(Yes/No)
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(Yes/No)

Could this event have
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Follow Up/ Comments —Opportunities for
improvement?

Looking Forward

PATIENTS of INTEREST (POI)

Predicted Safety Risks/Concerns: Risk for acute decompensation, Extubations for the day & post 24 hours, Radiology Procedures w/o
Cardiac Anesthesia, Road trips, New procedure/ equipment/ standard of care.

Room | Patient Name & description of activity/ event

Comments: Specific Mitigation Plan when necessary

CRITICAL SAFETY RISK PATIENTS (CSR)

Predicted Critical Safety Risks/Concerns: Risk for Mortality - Cardiac Instability - increasing support, monitoring, adding gtts,

Respiratory Instability - increasing support, possible reintubation, C

Pts potential to code in the next 24 hours.

plex post op t, Unclear ¢

Room | Patient Name & Diagnosis

Concerns:
What is pt at risk for:

Mitigation plan:

Specific & Measurable Mitigation
Plan developed & updated on
Morning rounds & SA Rounds with
Care Team

Fig.6.2 (continued)

Morning care rounds are an existing system
that could be utilized to foster SA of the CICU
team. Implementing new processes in existing
systems leads to higher reliability. During morn-
ing care rounds, the entire care team gathers to
plan the care for each individual patient.
Embedding SA into rounds discussion could

stimulate a shared mental model for the patient’s
plan of care. For example, the provider could ini-
tiate a time-out for safety, explaining the specific
mitigation plan for the identified risks when con-
cluding the patient’s plan of care. Clear communi-
cation of a specific plan of care may enable timely
interventions to reduce the possibility of severe
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Fig.6.3 Model of team
situational awareness over
a 24-hour period

Evening
Situational
Awareness
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Morning
Operations
Huddle

CICU TEAM
SITUATION
AWARENESS

Morning
Patient Care
Rounds

Afternoon
Sign out
Rounds

Team Situation Awareness aims to predict, communicate concerns and plan
mitigation from huddle to each bedside.

cardiopulmonary decompensation. Creating addi-
tional SA opportunities is essential to assure utili-
zation of mitigation plans and the sustainability
of a shared mental model across the 24 hour span.
A huddle at the time of nighttime handover pres-
ents another opportunity to briefly review the
identified high-risk patients and their mitigation
plans to ensure a shared mental model. Acute
events such as cardiopulmonary resuscitation are
equally common during night shift hours in an
intensive care unit. During the night shift, avail-
ability of clinicians to respond to acute events is
reduced. Instituting SA efforts during the night
shift hours has tremendous potential to prevent
serious patient safety events. By establishing eve-
ning SA rounds, the shared mental model for
high-risk patients and their mitigation plans can
be communicated, allowing for an ongoing shared
mental model of patient care. The model illus-
trated in Fig. 6.3 demonstrates the key SA touch
points throughout a 24 hour time period.
Situation awareness in a CICU can generate
significant clinical impact. Since episodes of clin-
ical deterioration can exacerbate organ system
injury and increase patient length of stay, early
recognition can prevent increased morbidity,

delay ICU discharge and eliminate unnecessary
costs. Establishment of a CICU situation aware-
ness model may improve patient safety, clinical
outcomes and the overall patient experience.

Performance

Health-care providers share a common goal —
providing high quality care to their patients.
Measuring performance can help one understand
how well your team is accomplishing this goal. It
allows for an analysis of where and what changes
need to be made in order to improve performance
and the quality of care provided. Measuring per-
formance also allows providers to reflect and
consider what is working well; information that
can be shared with other providers who can learn
from their success and failure. Performance mea-
surement is the regular collection of data to assess
whether the correct processes are being per-
formed and desired results are being achieved
[17]. It analyzes the success of a team, program,
or organization’s efforts by comparing data on
what actually happened to what was planned or
intended. The focus of performance measurement



6 Quality and Safety in the Cardiac Intensive Care Unit

is less on the individual provider and more on the

team as a whole to evaluate whether an adequate

structure and correct processes are in place to
achieve the stated goals.

Avedis Donabedian, an influential leader in
the study of health care quality, developed a
widely used, three-element model of quality
measurement in 1966, which included measuring
health care structures (the characteristics associ-
ated with a health care setting), processes (the
activities done in a health care setting), and out-
comes (the results achieved for a patient after a
given set of interventions) [18]:

1. Structural measures include requirements
imposed by payers and regulators, such as
specifications for the facilities, management
systems, health IT systems, board certification,
and staffing ratios. Examples of structural
measures include physician staffing, comput-
erized physician order entry, pharmacist
participation during rounds, rate of unplanned
CICU readmission and cancelled OR cases.

2. Process determine  whether
evidence-based care guidelines were fol-
lowed, but do not indicate whether a patient’s
health actually improved. Process measures,
in essence, are used on the assumption that
better outcomes should result from evidence-
based care processes. Examples of process
measures include rates of unplanned
extubation, nutrition support, multidisci-
plinary daily rounds, effective assessment of
pain, appropriate use of blood transfusions
and appropriate gastric ulcer prophylaxis.

3. Outcome measures seek to determine whether
the desired results are achieved. This could
include whether the patient/family was satis-
fied with the care received. Examples of clini-
cal outcome measures are catheter-associated
bloodstream infection, CICU mortality rate
and patient/family satisfaction.

Additionally, the team usually identifies a bal-
ancing measure to ensure that changes to improve
one part of the system are not causing new prob-
lems or unexpected consequences in other parts
of the system. The next step is to use the informa-
tion to measure performance and improve care.
Performance measures provide a picture of the

measures
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team’s quality, but further investigation is neces-

sary to determine the factors that influence the

measure results and how you can learn from posi-
tive results and make changes where performance
is not at an optimal level.

Performance management is when a team uses
performance measures and standards to achieve
desired results. It is a forward-looking, continu-
ous and purposeful process. This practice involves
strategic use of performance measures and stan-
dards to establish performance targets and goals.
Performance management practices can also be
used to prioritize and allocate resources; to inform
leaders about needed adjustments or changes in
policy or program direction to meet goals and to
frame reports on the success in meeting perfor-
mance goals. Performance management includes
the following components [19]:

1. Performance standards — establishment of
organizational or system performance stan-
dards, targets, and goals to improve public
health practices.

2. Performance measures — development, appli-
cation, and use of performance measures to
assess achievement of such standards.

3. Reporting of progress — documentation and
reporting of progress in meeting standards and
targets and sharing of such information
through feedback.

4. Quality improvement — establishment of a pro-
gram or process to manage change and achieve
quality improvement in programs or infra-
structure based on performance standards,
measurements, and reports.

Performance improvement requires substantial
investments in the underlying science of measure-
ment, transparent communication of measure-
ment results, attention to the role of measures in
quality improvement efforts, and using perfor-
mance data in focused and strategic ways [17].

Competency

Pediatric cardiac critical care has undergone tre-
mendous growth and expansion over a short
period of time. The growth of this field has paral-
leled expansive growth in general pediatric critical
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care over the same time period [20]. Over the past
20 years, pediatric cardiac critical care has devel-
oped into a robust clinical, scientific and research
entity and, as a result, a well-recognized subspe-
cialty within pediatrics. As surgical techniques
and management have advanced, survival in
infants and children with congenital heart disease
has improved [21], and greater emphasis has been
placed on the reliability of care in the intensive
care unit. Increasing attention is being paid to
optimizing outcomes, preventing harm, and deliv-
ering safe and cost-effective care rather than sim-
ply preventing mortality.

Training

The need to ensure appropriately trained staff to
care for these complex patients has been scruti-
nized and debated. As surgical techniques have
advanced, so too has the complexity of patients
cared for in the cardiac intensive care unit.
Pushing the surgical envelope has demanded
more from the postoperative care team; however,
the best training for the physicians and other team
members responsible for the care of children in
the cardiac intensive care unit remains unclear.
While some have argued that patients in the
pediatric cardiac intensive unit are best taken
care of by critical care trained providers [22, 23],
care models for children with critical cardiac dis-
ease vary greatly across the United States [24].
Guidelines for pediatric cardiovascular centers
set forth by the American Academy of Pediatrics
(AAP) stipulate the need for dedicated space in
either a specialty cardiac intensive care unit, or a
pediatric or neonatal intensive care unit prepared
to offer comprehensive care to the postoperative
patient. The AAP recommends that the cardiac
intensive care unit patient should be cared for by
surgeons, intensivists and cardiologists [25].
However, comparison of outcomes for patients
cared for in a dedicated cardiac intensive care
unit (closed) to those cared for in other non-
dedicated and open intensive care unit care mod-
els demonstrated no difference in postoperative
morbidity or mortality [26]. According to the
American College of Cardiology, American
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Heart Association and American College of
Physicians Task Force on Clinical Competence,
board eligible/certified pediatric cardiologists
require at least 9 months of additional advanced
training to be primarily responsible for the com-
prehensive care of children with critical congeni-
tal or acquired heart disease [27]. Training and
proficiency is needed in many aspects of critical
care including mechanical ventilation, invasive
procedures and management of multi-system
organ failure [27]. While the skills specified are
largely inclusive of the care and knowledge
needed to care for critically ill children with heart
disease, specific measures of competency are not
documented and there is no standardization of
the training elements.

There is evidence that 24-hours care by trained
pediatric intensive care providers decreases the
duration of mechanical ventilation and intensive
care unit length of stay [28]. Data such as these
support the concept that the skill set of the provid-
ers are likely more important than the training path
taken to acquire those skills, and research in adult
critical care has shown that the base subspecialty
training does not impact outcomes [29]. Rather
than focus on the training background of the phy-
sician, emphasis should be placed on the compe-
tency and quality of care delivered by the teams
managing critically ill children with heart disease.

Assessment of Competency

The diverse training background of physicians
delivering care in the cardiac intensive care unit
makes the assessment of competency challenging,
and the lack of standardization in training contrib-
utes to difficulty in defining appropriate compe-
tencies. The absence of standardized competencies
has led to the development of scoring systems to
assess outcomes and the performance of the inten-
sive care unit as a whole. The Pediatric Risk of
Mortality (PRISM) III scoring system assesses
mortality risk based on physiologic variables
within 12 and 24 hours of admission and has been
validated as a discriminatory tool to assess the
mortality risk [30]. However, the PRISM III scor-
ing system is not designed specifically for children
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with heart disease and does not take into account
provider variables. Similarly, the Pediatric Index
of Mortality score (PIM) II assesses mortality risk
at the time of intensive care unit admission [31],
but is not dynamic and also has similar shortcom-
ings to the PRISM 1III score.

Two validated surgical complexity-scoring sys-
tems include the RACHS-1 scoring system and the
comprehensive Aristotle score, both developed
specifically for children with congenital heart dis-
ease undergoing cardiac surgery [32, 33]. The
Aristotle score was developed with the idea that
perhaps performance is a function of complexity.
Child survival where complexity is a constant is
based on the lesion and operation to be performed.
Survival then is dependent on performance which
is measured as Performance = complexity x sur-
vival [32]. While the Aristotle score introduces
this interesting concept, we are still without a
means to assess performance. If a patient has a
low-risk lesion and an uncomplicated operation
with an experienced surgeon yet suffers a bad out-
come, does this reflect the poor performance of the
cardiac intensive care unit physician or the sur-
geon or the entire team? Any assessment of com-
petency and performance must ideally be linked to
patient outcomes while under the care of a specific
provider or providers.

Multiple surrogate means for assessing com-
petency have been developed. Simulation-based
training develops clinical scenarios and assesses
individual and team performance in management
of a clinical case. Simulation in pediatric cardiac
critical care has demonstrated perceived improve-
ments in provider confidence and ability to func-
tion as a member of a resuscitation team [34, 35].
Further, simulation training for cardiac surgical
trainees in cannulation skills for extracorporeal
membrane oxygenation demonstrated improve-
ment in time to cannulation following sustained
simulation training [36]. While these studies sug-
gest that competency might be assessed by simu-
lation, in order for any measure of performance
or competency assessment to be truly valid, it
needs to correlate with improved process and
outcomes. Thus far this has been elusive.

Studies examining outcomes of pediatric car-
diac intensive care unit patients have demonstrated
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that care delivered in the intensive care unit does
impact outcomes [37-39]. Patients who returned
to the cardiac intensive care unit within 72 h of
discharge with respiratory symptoms were noted
to have changes on chest radiograph prior to dis-
charge from the intensive care unit and have
higher rates of death compared to similar patients
[37]. In a study of 342 postoperative patients,
Brown and colleagues demonstrated that preop-
erative mechanical ventilation and postoperative
complications including necrotizing enterocolitis
had statistically significant impact on length of
stay [38]. Critically ill children with hospital-
acquired conditions in the ICU have increased
morbidity and length of stay [40, 41]. In addition,
provider compliance with bundled care to prevent
hospital-acquired infections has been shown to
reduce morbidity [42, 43]. These data present
challenges when assessing competency. Does the
provider who missed the changes on chest radio-
graph prior to discharge from the intensive care
unit or the provider responsible for care when the
patient developed postoperative necrotizing
enterocolitis or a hospital acquired condition lack
sufficient competency to care for these complex
patients? Furthermore, should these questions be
focused on the individual provider or the entire
clinical team?

As pediatric cardiac critical care continues to
develop as a subspecialty, accurate assessment of
provider competency and performance is essen-
tial. The cardiac intensive care unit is a high
stress environment with complex systems and an
expected low mortality for children surviving
congenital heart surgery. In such an environment,
providers are prone to make mistakes [44] and
those physicians who are more effective leaders
have been shown to deliver more efficient care
[45]. Failure to rescue, otherwise described as the
probability of death following a complication, is
a new concept, which attempts to assess the
impact of errors or complications and the resil-
ience of the system when processes have failed.
Initial data suggest that centers with a lower fail-
ure to rescue rate have higher mortality rates;
however, they do not actually have fewer compli-
cations [46]. These data might reflect increased
resiliency and safety infrastructure amongst



102

centers with high failure to rescue rates. However,
more research is necessary to understand what
failure to rescue rates actually tell us about a spe-
cific center’s care delivery system.

Pediatric cardiac intensive care currently relies
on large databases such as the Society of Thoracic
Surgeons database, to assess center-based perfor-
mance and center variations in care. Current lit-
erature on team dynamics provide evidence that
high functioning teams provide more efficient
care delivery; however, have not shown improve-
ment in patient safety, outcomes or increased
provider competency [47]. Analysis of individual
provider competency and performance must begin
with an effort to standardize training competen-
cies. Training pathways for cardiac critical care
include (although not exclusively): dual training
in cardiology and critical care; fellowship training
in pediatric anesthesia, critical care or cardiology
followed by a fourth year advanced fellowship in
cardiac critical care which is not currently stan-
dardized between institutions. Establishment of
an integrated 4 year training program for pediat-
ric cardiac intensivists that provides key baseline
clinical elements of both cardiology and critical
care training programs as well as research and
elective time in specialized areas such as heart
failure, pulmonary hypertension and neonatology
might create standardized training metrics. This
could be the foundation for the development of
a single accreditation across professional societ-
ies [48]. The use of methods such as simulation
can then be used to incorporate and evaluate the
competencies outlined in standardized training
requirements. In addition, improvements must
be made in our ability to capture real-time clini-
cal data from the electronic medical record and
bedside monitors to allow for early recognition of
complications.

Longevity

The American Heart Association policy state-
ment on the evolution of critical care cardiology
published in 2012 addresses future challenges
in the adult field of cardiac intensive care and
highlights the expanding training models and
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intensive care unit staffing as important issues
[49]. The field of pediatric cardiac intensive
care faces similar issues. In order to maintain
growth and support the capacity needed in the
field, training additional competent staff must
keep pace with the clinical demands and growth
in patient volumes. Whether we are training
enough pediatric cardiac intensive care person-
nel remains uncertain [50].

As the field of pediatric critical care moves
toward wider acceptance of 24-hour intensive
care trained staff presence in cardiac intensive
care units, staff longevity may be compromised.
While 24-hour coverage and the number of
nights spent in the hospital has been associated
with burn out in adult intensive care units [51],
there are possible benefits including improved
trainee education and patient outcomes. As clini-
cal needs continue to grow, the importance of
career fulfillment, financial constraints and job
satisfaction must be addressed [52, 53]. Patient
safety and clinical needs must be paramount
when considering staffing; however, providers in
academic hospitals must also be given opportu-
nities and time to pursue academic endeavors.
Burn out and job dissatisfaction can be offset by
non-clinical pursuits in research and education.
In order to be successful in research and aca-
demic pursuits, the expectation for 24-hour in-
house call coverage must be balanced with the
need to develop and retain staff while maintain-
ing a high level of satisfaction.

The clinical burden can be minimized and
academic productivity optimized in a number
of ways: limit a single provider to care for
10-12 patients during day shifts, limit 24 hour
shifts, increase 12 hour and night float-type
coverage and keep total overnight calls in an
academic year below 50. All efforts to improve
career satisfaction and longevity must be
accomplished while prioritizing patient safety
and optimizing outcomes. In 2010, the Pediatric
Heart Network and the National Heart Lung
and Blood Institute outlined a number of goals
for future research and advancements in periop-
erative management of congenital heart dis-
ease, including limiting practice variation and
advancing quality improvement [54].
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Conclusions

The Institute of Medicine reported that there
is a quality chasm in healthcare. The report
suggested that the delivery of healthcare should
be improved, so that it is safe, effective, patient-
centered, timely, efficient and equitable [55].
Both medical leadership and frontline staff
need to work together to achieve such a health-
care system. Quality improvement and patient
safety initiatives in the intensive care unit have
been shown to improve outcomes as well as
decrease costs. The pediatric cardiac intensive
care unit team through the use of high-reli-
ability behaviors, situational awareness tools
and performance management methods can
advance the care of patients with critical cardiac
disease. Understanding how to assess compe-
tency and ensure longevity of both the individ-
ual practitioner and the team will be paramount
to achieving the maximal benefit and outcomes
for patients with critical cardiac disease.
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Abstract

There is evidence that many patients do not receive optimum care despite
efforts to improve health care quality. Society expects physicians to
improve care for their patients, and to lead and function as members of
quality improvement (QI) teams. A range of educational approaches exist
to prepare physicians for this important role. Education in QI across the
educational continuum is supported by the requirements of educational
accrediting organizations and the expectation of specialty certification
board. These regulatory bodies expect that physicians develop these skills
during training, and that physicians in practice maintain QI competence,
and assess and improve their patients’ care. At the same time, no coordi-
nated curriculum for teaching QI across the continuum of medical educa-
tion exists to date. An effective approach to QI education encompasses
both didactics and immersive experiences that enable learners to apply
their developing competence to real-world problems. Given the impor-
tance of team-based approaches in the care of complex patients, new mul-
tidisciplinary QI approaches, informed by research on what makes care
effective, will contribute to care that improves the patient experience.
These will be supported by advances in medical training and assessment,
healthy populations, and will lead to improved quality and lower per cap-

ita cost of health care to benefit patients and society.
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The Quality Imperative

Quality and safety of care are important in all
healthcare settings. Assuring safe care is particu-
larly challenging for critically ill patients, com-
plex care, human-technology interactions, and
care by multiple health professionals and teams.
Donabedian provided a framework for assessing
and addressing quality problems in healthcare in
a groundbreaking book published in 1966 [1].
Despite innovative work and critical thinking
over more than four decades to develop and
implement quality improvement (QI) programs,
studies still show significant variations in the
quality, safety, utilization and cost of healthcare
services [2]. Children, for example, receive only
46 % of recommended services [3], and a study
using national data for Medicare beneficiaries
found that increased use of specialists and larger
healthcare expenditures did not always translate
into better outcomes and at times increased pain
and suffering [4].

Crossing the Quality Chasm, a 2001 report by
the Institute of Medicine of Medicine (IOM)
asserted that gaps in quality of care result in part
from health professions education that has not
kept pace with new team-based approaches to
care, use of technology and informatics, and
understanding patient expectations for their expe-
rience of care [5]. To address these concerns, the
IOM put forth six aims for the healthcare system:
care should be effective, safe, patient-centered,
timely, efficient, and equitable [5]. The IOM’s
seminal report on patient safety, 7o Err is Human,
also noted that besides problems with the design
of the care system, educating health professionals
about avoiding errors and adverse events is criti-
cal to safe and effective healthcare, but that these
concepts are not included in the educational cur-
ricula in most health professions [6].

Research has shown that quality and safety of
care are inextricably linked to the education and
ongoing professional development of physicians,
and that the quality of formal training has a long-
term and profound effect on the quality of care a
physician delivers over a lifetime of practice. A
study of the effect of training on obstetrician-
gynecologists’ performance in practice showed
that the complication rates for patients cared for
by physicians who had trained in programs who
ranked in the bottom quintile for risk-standardized
major maternal complications was one-third
higher than the rate for patients cared for by grad-
uates of programs in the top quintile [7].
Enhancing formal education and continuing pro-
fessional development related to QI and improve-
ment science is essential to close these gaps. The
aim of these programs is to develop physicians
who are lifelong learners who can continuously
self-assess and improve their performance and
outcomes. Needed skills include a comprehensive
understanding of QI, the ability to reflect on the
patient and the processes of care, and the skills to
apply these principles in day-to-day practice to
enhance quality and avoid medical errors and pre-
ventable adverse events. The Dartmouth Health
Atlas’ website, citing long term influence of the
training program on the quality of care physicians
deliver in practice, emphasizes that residents
should know the quality of care delivered by insti-
tutions and clinical departments as a key factor in
selecting their residency program [8].

While the earliest professional group with
involvement in quality improvement is nurs-
ing, going back to Florence Nightingale during
the Crimean War [9], the history of physician
involvement in efforts to improve the qual-
ity of care traces back to Ernest Codman and
his efforts to improve surgical care at the
Massachusetts General Hospital in the early
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twentieth century [10]. Codman developed a sys-
tem to assess where problems with the quality of
care originated, address the causes [11], and use
these principles to inform a set of standards for
hospitals that over time evolved into the Joint
Commission for the Accreditation of Healthcare
Organization (now TJC) [10]. Quality improve-
ment in industrial production began in the 1940s,
through the work of Shewhart, Deming and oth-
ers [12]. These concepts did not become widely
disseminated and applied in healthcare until the
late 1980s [13]. Prior to the adoption of QI con-
cepts from industry, efforts to manage quality in
healthcare largely were separate from medicine
and medical education, and focused on meeting
regulatory and accreditation requirements, com-
pliance and utilization review [14]. Once QI prin-
ciples were introduced in the healthcare sector,
another decade passed before Headrick, Batalden,
Leach, Davidoff, Berwick and others introduced
these concepts into medical education [15]. Out of
this work emerged organizing principles for qual-
ity improvement that include: (1) understanding
healthcare as processes within a system; (2) under-
standing variation in care and the need to measure
it; (3) knowing the effect of illness and healthcare
on patients; (4) understanding the process of mak-
ing changes in healthcare and the roles of leading
and participating in these efforts; (5) collaborating
in teams and groups; (6) dealing with social con-
text and accountability; and (7) developing and
applying locally useful knowledge [16].

Following the publication of the IOM’s “To
Err is Human” [6] and “Crossing the Quality
Chasm” [5] reports, the IOM addressed the needs
for education and professional development of
health professionals related to QI in a third report,
entitled Health Professions Education: A Bridge
to Quality [17]. Collectively, the three IOM
reports have contributed to more widespread
teaching of quality and patient safety concepts
across the continuum of medical education [18],
and the education of nurses [19] and other health
professionals [20].

This chapter discusses the components of the
professional formation of physicians related to
improving the quality and safety of patient care
across the continuum from undergraduate and
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graduate education to continuing professional
development. It also describes the barriers and
facilitators to QI learning, and the assessment of
educational and clinical outcomes related to
improvement learning. Practical examples of
physicians’ professional formation in quality and
safety improvement are presented throughout.
The chapter concludes with a research agenda to
promote physicians’ professional development
relevant to quality and safety.

Components of Health Professional
Formation Related to Improvement

The IOM’s 2003 report Health Professions
Education: A Bridge to Quality identified five
core competencies to meet the needs of the
twenty-first century healthcare system, which
span the various professions involved in health-
care [17]. The IOM competencies have been
used to define goals and objectives for pro-
fessional formation and development across
a range of professions. They build on earlier
efforts to define common competencies across
the different health professions [21-23], and a
growing recognition that much of the work to
improve healthcare is done in interprofessional
teams.

The aim of educating physicians in quality
improvement is to ensure they develop skills and
competencies that enable them to improve care in
their local clinical context, as well as in the larger
system of care. Knowledge of QI science is rel-
evant, yet equally important is the ability to apply
these tools in a real-world, organizational context.
Added competencies particularly relevant to the
implementation components of QI work include
communication, teamwork, analytic skills and an
understanding of healthcare systems. Crossing
the Quality Chasm also identified commitment to
lifelong learning as an important competency [5].
Lifelong learning consists of formal education
and ongoing professional development that is
required for physicians and other licensed profes-
sionals, along with learning through self-directed
studies, reflection and interaction with peers.
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Recognition that the predominant focus on
medical knowledge and clinical skills underem-
phasized other areas relevant to the delivery of
high-quality care prompted the Accreditation
Council for Graduate Medical Education
(ACGME) and the American Board of Medical
Specialties (ABMS) to develop a broader
approach to defining the skills and attributes that
physicians should have to deliver quality are. At
its core are six competencies relevant to the work
of physicians: (1) patient care, (2) medical knowl-
edge, (3) interpersonal and communication skills,
(4) professionalism, (5) practice-based learning
and improvement (PBLI), and (6) system-based
practice (SBP). In 1999, these competencies
were formally endorsed by the ACGME for the
education and assessment of physicians in train-
ing [24], and by the American Board of Medical
Specialties (ABMS) for the certification and
ongoing professional development of physicians
in practice [25]. While all ACGME/ABMS com-
petencies are relevant to the delivery of high-
quality care, PBLI and SBP — are particularly
pertinent to the role physicians need to play in
ensuring quality of care. There is considerable
conceptual overlap between the ABMS/ACGME
core competencies aimed at individual physi-
cians, and the IOM competencies for a safer and
more effective healthcare system.

PBLI encompasses the process physicians
use to assess and improve their knowledge and
skills relevant to their practice, including devel-
opment of learning and improvement goals,
initiating professional development activities,
and evaluating the outcomes in a self-guided
approach [26]. Improvement often begins with
the identification of a clinical area or the care
of a specific group of patients, with a focus on
tailoring interventions to address gaps in qual-
ity and safety identified via self-assessment or
external information such as clinical outcomes
or patient satisfaction. Resources for this pro-
cess include new medical evidence, and there is
conceptual overlap between PBLI and evidence-
based medicine [27].

Embedded in SBP is an understanding of the
systems of care, along with participation in
efforts to improve them. Activities include advo-
cating for high-quality patient care; working in
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interprofessional teams to enhance the quality
and safety of services; and participating in
identifying and diagnosing system errors and
implementing solutions.

There have been a number of attempts to define
quality and safety curricula, including, among
other, an annotated bibliography on teaching
quality and safety during formal medical educa-
tion [28], a patient safety program for physicians
in practice developed [29], and a curriculum for
residents in surgical specialties [30]. Recently,
the Institute of Healthcare Improvement’s (IHI’s)
Open School has made publicly available a broad
range of curricular materials relevant to health-
care quality and safety, and these resources are
being used in the education of residents and
medical students, and in nursing and other health
professions [31, 32]. While there are differences
across curricula, and no universally accepted
quality and safety curriculum exists to date, there
is considerable overlap across professions and
different formulations.

The Educational Continuum

A model of education that encompasses all forms
of learning, from formal education and instruc-
tion to the ongoing learning that continues
throughout an individual’s professional career is
important for a concept of professional formation
[33]. For physicians, this encompasses under-
graduate medical education, residency and fel-
lowship training, and ongoing professional
development for physicians in practice.

Undergraduate Medical Education

A century after Codman’s pioneering work to
introduce outcome based medicine into health-
care and 30 years after the introduction of quality
improvement, it is gratifying that more medical
schools are including these concepts in their cur-
ricula and approaches for teaching and assessing
students [34]. Ideally, these concepts are taught at
the beginning of student clinical experiences and
become an integral part of the ongoing develop-
ment of physicians’ clinical improvement skills
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[34]. Some medical schools have implemented
focused QI electives for students in the clini-
cal years [35]. The World Health Organization
(WHO) emphasizes that patient safety and QI
should be taught to medical students [36]. In
contrast, the standards of the Liaison Committee
on Medical Education, which accredits US and
Canadian medical schools, do not yet include
formally mention curricular elements or require
competence in healthcare quality and safety
[37]. Recommendations from the National
Patient Safety Foundation (NPSF) on enhancing
patient safety call for medical schools to empha-
size the ACGME/ABMS competencies, patient-
centered care, and working in interdisciplinary
teams [38]. The NPSF also has recommended
that teaching about patient safety should begin
on the first day of medical school and should
encompass the science of error causation and
mitigation, the study of human factors, safety
improvement science, systems theory and analy-
sis, and systems design [38].

Graduate Medical Education

Graduate medical education is the phase of the
educational continuum during residency and
fellowship training where much of physicians’
education about healthcare quality and safety
occurs. While many of the first QI curricula tar-
geted medical students, a few were aimed at
both students and residents. In 2002, recom-
mendations called for a broader approach to
teaching QI to physicians, including expanded
curricula, a focus on creating an organizational
culture conducive to improvement and assessing
outcomes at the individual and program levels
[39]. Early efforts focused on non-mandatory
“QI electives” [40], while more recent imple-
mentation of QI in the residency curriculum
entails mandatory QI rotations and experiences
for all residents [41-43].

Some teaching efforts have used active
engagement in projects that integrate didactics
with the application of what is learned [44]. This
is based on the principles of experiential learning
[45, 46]. The underlying theory is that teaching
should be grounded in learners’ experiences and
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that these experiences themselves represent a
valuable educational resource [46]. Learning by
doing and “just in time training,” are related
approaches that have been found useful in teach-
ing QI principles and practices to learners across
a range of health professions [47]. Efforts have
also focused on the creation of templates that
guide learners through the QI process, and that
allow QI efforts to be recorded like other schol-
arly projects [48].

Currently, five approaches are commonly
used for teaching residents PBLI, SBP and
related concepts: (1) didactic sessions, includ-
ing lectures, case studies, journal clubs and on-
line self-study modules; (2) incorporating QI
principles and concepts into clinical events such
as morbidity and mortality (M&M) and clinical
case conferences, and morning report [49-51];
(3) resident-initiated quality improvement proj-
ects [52, 53]; (4) resident participation in pro-
gram-level QI projects; and (5) participation in
multi-disciplinary institutional QI efforts [54].
Readily implementable modules, some of which
are online, are being used to facilitate improve-
ment in outcomes for common diagnoses such
as diabetes and asthma are being used particu-
larly in ambulatory and primary care settings
[55-57]. Some improvement efforts have a
longer term focus, multiple PDSA cycles, and
include a focus on spread and sustainability of
improvement [58]. A matrix that crosslinks the
Institute of Medicine (IOM) aims with the
ACGME competencies has also been used to
make QI concepts meaningful to residents [59].
Efforts to involve residents in larger department
or institutional QI efforts are less common.
Some examples include addressing waiting
times in pediatric urgent care [60]; improving
patient flow in a resident continuity clinic [40];
use of practice data to enhance compliance with
immunization guidelines [61]; standard order
sets for patients with community-acquired
pneumonia [62]; and a resident-led initiative to
improve communication between the inpatient
medical staff and ambulatory physicians [63].
The AAMC'’s Teaching for Quality report offers
broad recommendations for medical schools
and teaching hospitals to incorporate the prin-
ciples and practice of Quality Improvement and



110

Patient Safety (QI/PS), including learning expe-
riences and use of these concepts in the assess-
ment of physicians across the continuum of
education and practice [64].

Continuing Professional
Development for Physicians
in Practice

Since the 1970s, medicine, nursing and several
other health professions require continuing edu-
cation to maintain a professional license [65]. To
ensure the effectiveness and quality of continuing
education for physicians, providers of continuing
medical education must be accredited by the
Accreditation Council for Continuing Medical
Education (ACCME) [66]. A review of the litera-
ture on the effectiveness of continuing medical
education (CME) found a positive effect on atti-
tude and practice behaviors, and some improve-
ment in outcomes [67]. At the same time, the
value of traditional CME is being challenged,
with critics noting that CME is mostly delivered
in lectures, with little post-participation assess-
ment beyond learner reactions and self-reported
changes in behaviors [68, 69]. In contrast, inter-
active learning, and participating in multiple
activities focused on the same topic are effective
in producing moderate to significant change in
participants’ behavior [70, 71]. A 2010 IOM
report on redesigning continuing education in the
health professions noted flaws in existing
approaches that include narrow curricula, a fail-
ure to focus education on individual and collec-
tive knowledge and capability gaps [72], and
gaps related to quality and safety of care.

The responsibility for assessing ongoing pro-
fessional development of physicians in practice
lies with the member boards of the American
Board of Medical Specialties (ABMS). Board
certification grew out of concerns about the qual-
ity of physician education and preparation for
practice at the turn of the twentieth century,
resulting in the establishment of the Advisory
Board of Medical Specialties, the precursor of
the American Board of Medical Specialties in
1933 [73].
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Initially, board certification was achieved by
passing a secure written and for some specialties
and oral examination at the end of formal training
and was valid over a physicians’ entire career.
Starting in the 1970s, several ABMS boards,
acknowledging that medical knowledge changes
rapidly over the course of a physician’s career initi-
ated a process of periodic re-certification through
repeat secure knowledge examinations. Over time
all member boards gradually moved from life-time
certificates to time-limited certificates and periodic
repeat examinations [74, 75]. The American Board
of Family Medicine has required periodic recertifi-
cation since its inauguration in 1969 [76]. Research
on the effect of board certification has found a posi-
tive and statistically significant association between
specialty board certification and greater compliance
with recommended treatments and improved out-
comes. Certification for internists is associated with
improved patient care [77], and prevention of medi-
cal errors [78]. Examples from the surgical field
include lower mortality and complication rates for
surgical procedures, including carotid endarterecto-
mies and aortic aneurysm surgery [79], colon sur-
gery [80], and surgery for peptic ulcers [81].

In 1999, prompted by documented gaps in
quality and safety of care in almost all areas of
medicine and a growing focus on improving care,
the ABMS redesigned the certification process to
ensure ongoing competence by including expecta-
tions that all diplomates engage in measuring and
improving the quality of care they provide, using
the framework of the six competencies first devel-
oped by the ACGME and adopted by ABMS [73].
Over the past decade, certifying boards have
moved from assessing professional development
primarily based repeated assessment of medical
knowledge through a secure examinations and
participation in CME to use of self- and peer
assessments of other competencies such as com-
munication, professionalism, actual delivery of
care, the ability to function in complex systems
and the ability to assess and improve quality of
care in practice [74]. The resulting four part
Maintenance of Certification® (MOC) framework
became official ABMS policy in 2000 and by
2006 all 24 member specialty boards had estab-
lished time lines for implementing MOC [74].
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The MOC has four components. Part I requires
physicians maintain an unrestricted medical
license [74], and surgeons must document they
have privileges or a staff appointment in a hospi-
tal accredited by the Joint Commission [82]. Part
II requires completion of a specified amount of
CME or acquisition of specialty specific medi-
cal knowledge, some of which must relate to
the physician’s clinical practice [83]. Part III,
“Cognitive Expertise,” consist of a completing a
periodic secure specialty examination, and Part
IV, “Performance in Practice,” requires physicians
to assess their practice performance, with some
boards requiring improvement data for a sample
of patients, such as data extracted from medical
records and clinical databases, or results of patient
surveys [74]. Physicians may use Web-based
improvement modules, such as the Patient Safety
Improvement Program developed by the ABMS
[84], or the improvement modules developed
by the American Board of Pediatrics, American
Board of Family Medicine and the American
Board of Internal Medicine. Physicians are
encouraged to aggregate their performance data
into a portfolio that documents how their diagnos-
tic and clinical decisions and outcomes compare
to those of peers and available national compari-
sons. For surgeons, the MOC Part IV offers credit
for ongoing participation in a national, regional
or local outcomes registry or quality assessment
program, and the American Board of Surgery
requires that this improvement program address
areas specific to the individual physician’s prac-
tice [82]. The concept of continuous professional
development integrated with PBLI is considered
important in helping surgeons improve the care
they provide to patients [85].

Physicians are encouraged to participate in
proven QI efforts that have been shown to improve
care to address gaps in quality in areas in need of
improvement. Part IV activities in several special-
ties use Practice Improvement Modules (PIMs),
which facilitates collaborative, QI efforts within
practices and across practices [86, 87]. An added
advantage of PIMs is that they can be used in
teaching settings to collect longitudinal improve-
ment data for individual residents [86, 87]. Several
of the MOC programs also award Part [V MOC

credit for diplomate participation in approved
ongoing QI efforts in their practice setting. Some
of these efforts are multi-center prospective ongo-
ing QI networks that have demonstrated signifi-
cant improvement in outcomes of care and at times
reduction in cost of care [88]. Other examples
include medication reconciliation [89], prevention
of childhood obesity [90], and prevention and
management of cardiac disease [91], among oth-
ers. Some boards have made significant gains in
introducing improvement activities into the pro-
fessional development of practicing physicians
while for other specialties MOC is still early in its
implementation. Fifteen of the ABMS boards have
agreed to common standards for awarding credit
for MOC Part IV to diplomates who participate in
organizationally sponsored QI efforts through the
Multi-Specialty Portfolio Program [92]. Data on
the effectiveness of MOC in improving the safety
and quality of care is growing and can be tracked
on the ABMS website (http://www.ABMS.org).
Physicians’ role in institutional healthcare
improvement requires a new skill set for individuals
who function as institutional leaders in quality and
safety, with a formal description of the role and its
responsibilities [93], and the requisite knowledge
and training, including implementation science and
policy work [94, 95]. Examples of programs for
training these quality experts are found in the
Department of Veterans Affairs [96], Dartmouth
College [97], and George Mason University [98].

Interprofessional and Team Learning

Given the variability in how and to what degree
curricula and educational approaches in health
professions education emphasize improving qual-
ity and patient safety, one solution that has been
proposed is interprofessional education, which
has been generally found to enhance quality and
reduce cost in healthcare [99]. The value of inter-
professional education has been emphasized since
the 1970s [100], and beginning in 2013, the
LCME standards require medical schools to pre-
pare students to function collaboratively on teams
that include other health professionals in training
and practice [101].
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The “Retooling for Quality and Safety” initia-
tive of the Josiah Macy Jr. Foundation and the
Institute for Healthcare Improvement has devel-
oped a curriculum focused on interprofessional
training, involving both medical and nursing stu-
dents [102]. The initiative fostered integration of
improvement and patient safety curricula in
undergraduate medical and nursing education,
emphasizing the value of interprofessional learn-
ing because the didactic curriculum is taught the
same way actual improvement occurs, in inter-
professional teams addressing quality problems
in a real clinical setting. The advantage of this
approach is that “learning how to do quality
improvement and actually carrying out quality
improvement are essentially one and the same;
both are special forms of experiential learning”
[103]. A few successful models exist for the pre-
licensure phase of education [104], and there is a
need to expand this work to the continuum of
health professions formation.

Curricula for interprofessional learning
have included train-the-trainer exercises that
facilitate hands-on training [105]. For patient
safety, curricular components have included
patient safety basics, developing academic
leadership, improving the culture of practice,
changing the response to error, and applying
principles of interprofessional teaching and
learning [106]. Interprofessional learning is
also being proposed for continuing education
in the health professions. A 2010 IOM report
on the redesign of continuing education rec-
ommended that it be carried out in interprofes-
sional teams that mirror the team composition
in the healthcare setting [107]. A recommen-
dation for advancing team-based learning and
practice also has called for the development of
community learning sites to serve as venues for
interprofessional learning and practice [108].
This type of interprofessional learning and
practice does not yet occur in many settings,
although there are efforts to conduct e-learn-
ing activities that provide a matched curricu-
lum to multiple health professions, to promote
interprofessional learning [109]. In addition
the THI Open School modules are suitable for
use across difference health professions [31],
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and many of the quality improvement efforts
approved for MOC Part 4 credit involve inter-
disciplinary care teams [74].

Barriers and Facilitators
to Ql Learning

Some of the barriers that account for the slow
spread of QI in health professions education
include a shortage of faculty able and prepared to
teach these concepts in the clinical setting,
discipline-specific educational “silos” that con-
flict with the need to teach and practice quality
and safety improvement in multi-professional and
inter-professional teams, perceptions that physi-
cians in training must first acquire “clinical skills”
before engaging in quality improvement, and a
shortage of time and opportunity to insert hands-
on experiences in quality and safety into packed
medical education curricula. A final barrier to
learner involvement in QI is the availability of real
time patient quality and safety data related to the
populations served by residency and fellowship
programs. Even in organizations with well-devel-
oped quality improvement efforts, capabilities for
assessing clinical outcomes of care in training
programs lag behind most other areas.

The most frequently cited barrier is the lack
of clinically based faculty members with the
skills to teach improvement of care and the
effect this has on the “informal curriculum” at
the bedside and in the clinic. For example, the
Macy Foundation’s effort to promote interpro-
fessional education in quality and safety found
that a common challenge was the lack of suffi-
cient faculty across all health professions trained
in the principles and processes of improvement
[102]. Teaching of quality and safety thus far
has relied to a large degree on a small core of
regional and national experts presenting lec-
tures and educational modules. Many frontline
teachers, not familiar or comfortable with qual-
ity and safety principles fail to enforce these
concepts in the clinical context in training pro-
grams. Learning is influenced by organizational
culture and the “informal curriculum” that can
undermine teaching and valuing quality and
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safety especially when the faculty physicians
are not engaged in meaningful quality improve-
ment and safety efforts in their own practices.
The informal curriculum is important because
it teaches the “values of the profession,” [110]
and deeply influences professional formation
[111]. Through this, it can enhance or thwart
formal efforts to introduce new concepts, includ-
ing added emphasis on approaches to enhance
the quality and safety of care [110, 112, 113].
Work to overcome the informal curriculum as a
barrier to meaningful, effective QI exposure for
residents has focused on faculty development to
improve their bedside QI teaching [64, 113], and
enhancing faculty understanding of the power of
the informal curriculum.

Recommendations for overcoming these barri-
ers have focused on the alignment between the for-
mal and informal curriculum to contribute to a
learning healthcare system, including appropriate
role modeling of QI practice by teaching faculty
[113]. The AAMC’s recommendations for inte-
grating quality improvement and patient safety
into faculty competencies include a focus on fac-
ulty development in these areas [64]. Practical
efforts congruent with these principles have
focused on QI becoming a more integral part of
the residency curriculum by coordinating teaching
of PBLI and SBP with resident engagement in
improvement activities. This gives residents the
opportunity to apply their new learning in a local
context and to contribute to improving care. Active
involvement of learners was recommended as
early as the mid-1990s [114]. Nearly two decades
later, models to achieve this are being developed
and tested, with a focus on five components of a
meaningful QI experience for leaners: (1) curri-
cula and education models that ground learners in
the principles of QI; (2) faculty preparation for
teaching QI and practicing it in clinical settings;
(3) ensuring all learners receive QI education; and
(4) overcoming time and other constraints to allow
them to apply newly developed QI skills, and (5)
assessing the effect of exposure to QI on learners’
competence [115].

The final barriers to effective QI education for
physicians are the constraints on available time
posed by packed clinical curricula and the time

intensive nature of a meaningful QI immersion
experience. This makes it challenging to meet
expectations that all learners should be exposed in
a meaningful way to QI, and have the opportunity
for active participation in efforts to improve care.
Efforts to overcome this barrier include revisions
to the scheduling of residents’ QI experiences. At
one institution this resulted in a change of the QI
experience first from a 1-month experience at
100 % time, to a 3-month experience at 50 % of
the residents’ time and ultimately to 9 months at
15 % protected time for QI to allow residents to
initiate or participate in longitudinal improvement
projects [116]. QI immersion programs for resi-
dents in several institutions have shown that it is
possible to achieve meaningful resident involve-
ment in QI within the established duty hour limits
for medical residents [42, 117].

Assessing Educational and Clinical
Outcomes of QI Education

Established methods of evaluation, such as exami-
nations that test the acquisition of knowledge are
not optimally designed competence in an applied
concept like QI, which both requires experiential
learning and application of the concepts in practice
[118]. Assessment has focused on a broader set of
learning outcomes such as gains in knowledge,
changes in attitude, acquisition of skills and ability
to engage in QI activities, actual clinical outcomes,
and whether an intervention produced other bene-
fits for patients or the healthcare system.

The Kirkpatrick framework for assessing the
outcomes of learning is the approach most com-
monly used, and has been the basic model for
assessing educational and training interventions
across a range of industries [119]. Developed
more than 50 years ago, it offers a comprehensive
approach that assesses adult learning, taking into
consideration the needs of the learner, the instruc-
tor, the larger system and the stakeholders, such
as patients and the larger healthcare system, that
the adult learning program is intended to benefit
[119]. Kirkpatrick emphasized that the assess-
ment of training should go beyond obtaining
information in immediate reactions of the
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attendees, and assessment should be carried out
on four different levels [119]. The four levels
consist of: (1) Reaction - How well did the learn-
ers like the learning process; (2) Learning - What
did they learn? (gains in knowledge and skills);
(3) Behavior - (What changes in job performance
resulted from the learning process? (gains in
capability to perform the newly learned skills
while on the job); and (4) Results - What are the
tangible results of the learning process in terms
of reduced cost, improved quality or efficiency
[119].

Research on the outcomes of medical educa-
tion has consistently found that involvement in
QI Dbenefitted residents’ PBLI competence,
including skill in designing projects and conduct-
ing plan-do-study-act cycles as well as their self-
ratings of knowledge and efficacy related to QI
[120]. Activities such as improvement exercises,
multidisciplinary rounds, chart audits, and oppor-
tunities to compare residents’ patient outcomes
to relevant benchmarks were found to enhance
proficiency in PBLI and SBP [121, 122]. The
limitations of the literature on learning outcomes
of residents’ exposure to QI principles include
the small samples for most studies, the narrow
scope and brief follow-up period for many inter-
ventions, and the fact that outcomes often are
limited to Kirkpatrick Levels 1 or 2. Studies that
assessed the outcomes of training in general have
found that level 3 is rarely attained and Level 4 is
never assessed [123]. A systematic review of
patient feedback in improving physician consult
behavior found four studies that assessed inter-
ventions at Level 4 [124], and another review
showed that most QI curricula in the literature
resulted in improvement in learner knowledge or
confidence to perform QI, yet only a few studies
offered evidence that QI education had an actual
impact on meaningful behavior change, as well
as clinical outcomes [125]. A small number of
studies have assessed the effect of a safety or
quality curriculum to Level 3 of the Kirkpatrick
framework [126].

Some studies that have involved residents
have produced meaningful outcomes in the inpa-
tient and ambulatory setting, including efforts to
reduce sternal wound infections [127], improving
surgical start and end times [128], and reducing
catheter-associated bloodstream infections [129].
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Despite these beneficial outcomes, there are prac-
tical challenges to assessing the effectiveness of
teaching QI to residents in improving care. They
include residents moving through rotations,
delayed feedback, and the multifactorial inputs in
the inpatient settings, making it difficult to attri-
bute the improvement to a single intervention
such as resident education and involvement in QI.

One reason for the small number of QI studies
in the literature prior to the most recent decade
may be that in the past, QI was given less attention
and academic recognition than research, including
non-acceptance for publication in research-
focused academic journals. This contributed to a
dearth of papers in the clinical literature on
approaches that were successful in other settings
for adoption or adaptation, as well as descriptions
of what did not work. It also contributed to QI not
being considered an area worthy of academic
scholarly pursuit [130, 131], Over the past decade,
availability of clinical outcomes of QI education
has been facilitated by the emergence of QI as an
area for formal scholarly work [132, 133], aided
by the pioneering work of a few high-profile insti-
tutions to implement, test and report on clinical
improvement. This type of collaborative work,
including efforts coordinated by the Institute for
Healthcare Improvement, has produced a number
of high-profile, successful cross-institutional
efforts to improve care. Examples include inter-
ventions to reduce adverse drug events [134], the
study of the organizational climate for quality and
patient safety [135], and efforts to improve the
safety of pediatric anesthesia [136].

A growing body of literature describes QI col-
laborations in teaching settings, including interven-
tions to reduce bloodstream catheter infections and
other elements of the IHI patient safety campaigns
[137-140], as well as efforts to link clinical quality
and improvement education for physicians with
other health professionals [141-143]. Additional
efforts have focused on sharing QI data and best
practices, with positive outcomes for care for
patients with cardiovascular disease [144], prema-
ture infants [145], patients with chronic disease
[146], glycemic control in the ICU environment
[147], reductions in adverse events [148], preven-
tion of complications in the surgical ICU [149], and
the identification of expert-evaluated patient safety
approaches [150]. Multi-institution collaborations
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include the Academic Chronic Care Collaborative,
and the Academic Rapid Response Collaborative,
which have adapted QI approaches to teaching set-
tings with an emphasis on resident involvement
[151, 152], and successful national multi-site QI
improvement networks in pediatrics [153]. Other
areas important to high performance and quality of
care such as team work and the dimensions of effec-
tive team-based care have remained more elusive
from an assessment perspective. Recommendations
for the assessment of teamwork skills have focused
on the importance of theory, capturing team and
individual performance and outcome data, ensuring
reliability and validity, and overcoming real and
perceived barriers to measurement [154].
Recognizing the need to disseminate successful
improvement efforts and the difficulty getting
quality improvement articles accepted into leading
medical journal, a group of leading QI experts and
health researchers developed the Standards for
Quality Improvement Reporting Excellence
(SQUIRE) guidelines [155]. The guidelines are
designed to facilitate the reporting of quality
improvement work in healthcare. The SQUIRE
standards provide clear, useful guidelines on how
to organize articles for publication to facilitate dis-
semination of QI [156, 157]. In addition to
SQUIRE, standards for the protection of human
subjects, including informed consent, study integ-
rity and ensuring the scientific value of protocols
also are being adapted to QI interventions [158].

Areas for Future Research

The work of improving care has benefitted from
research and scholarship by dedicated experts.
There is a growing field of improvement research
that includes studies on how to advance quality
improvement theory and its application to real-
world problems. Many of the unanswered ques-
tions and areas in need for further study involve
QI and patient safety education in training pro-
grams. Addressing them will improve theory and
practice in physician education and professional
development relevant to healthcare quality and
safety. Practical areas for study include identify-
ing curricula that “fit” the processes for teaching
QI in medical school and residency, with a focus
toward preparing learners for interprofessional

practice. A related question is how soon QI
should be introduced in the health professions
curriculum, as there may be benefits making QI
an established part of the core curriculum in
undergraduate medical education and pre-
licensure education for other health professions.
Also needed is research on how to adapt QI edu-
cation for residents to the system constraints
posed by the organization of the residency pro-
gram, largely consisting of brief clinical rotations
that do not permit longer-term immersion and
learning within a given clinical context. A rele-
vant research question is whether optimal engage-
ment of learners in QI will necessitate changes in
the structure and duration of residency. Work also
is needed to explore the mechanisms for spread-
ing of knowledge about QI, and how existing
social networks in teaching institutions could be
leveraged to facilitate wider learner engagement
in QI, to overcome the “silos” of professional
learning that have been found to deter the spread
of innovation [159]. Finally, research is needed to
advance the assessment of the outcomes of QI,
including the benefits to quality when care is
delivered by individuals who have had meaning-
ful involvement and exposure to safety, root
cause analyses and QI during their education
[160]. Benefits should be assessed in terms of
clinical and functional outcomes, health systems
outcomes, such as costs and population health,
and patient, staff and learner satisfaction. Future
research will address questions relevant to health-
care quality that are just now being posed, but
have not yet been framed as formal research top-
ics. Topics include whether the medical school
acceptance process could be refined, to target
individuals that will providing high-quality care
throughout their career; efforts to identify the
most effective ways for students and residents to
learn about quality and safety; and optimal
approaches for learners to acquire judgment,
systems-thinking and sensitivity to the multiple
institutional and cultural contexts in which they
function in their lifetime of practice.

No chapter on education for quality and safety
is complete without a discussion of ‘“value,”
defined as outcomes relative to costs [161].
Value is a topic in need of added research because
to date, despite a realization of the importance of
“value” to a high-functioning healthcare system,
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value and related concepts around stewardship of
resources occupy a very limited space in the
medicaleducation curriculum. Recommendations
for addressing cost along with quality, such as
the IHI’s “Triple Aim” framework [162] for opti-
mizing health system performance are important
for quality, safety and value of healthcare, but
are largely conceptual and aspirational to date.
The Triple Aim calls for a design of the health
system to:
1. Improve the patient experience of care (includ-
ing quality and satisfaction);
2. Improve the health of populations; and
3. Reduce the per capita cost of health care.
Further study is needed to identify optimum
ways of teaching these concepts, as well as assess-
ing the impact of this on medical practice, cost and
patient and health system outcomes. Other new
areas, not yet fully explored, include approaches to
population health that involve improving the
nation’s health status [163, 164], and overcoming
racial and ethnic disparities in healthcare [165, 166].
Improving healthcare is a professional obliga-
tion. Physicians put patients’ lives at risk if the
quality of care they and their care teams deliver is
suboptimal, and they owe it to their patients to
know the quality of the care they and their care
teams deliver, and to address gaps in quality and
safety. This is a continuous process of life lone
professional development for those who choose to
enter medicine. It begins with medical school and
continues throughout their professional career.
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Abstract

A significant inverse relationship between surgical institutional and sur-
geon volume and patient outcome has been demonstrated in many high-
stakes surgical specialties. By in large, the same results were found in
pediatric cardiac surgery, where a more thorough analysis has demonstrated
that this relationship is mediated by case complexity and the type of surgi-
cal procedures. Lower-volume programs tend to underperform in compari-
son to larger programs as case complexity increases. High-volume pediatric
cardiac surgeons have better results compared with low-volume surgeons,
especially with complex procedures such as with the Norwood procedure.
Nevertheless, this trend towards lower mortality at larger centers is not uni-
versal: all larger programs do not perform better than all smaller programs.
Moreover, surgical volume seems to account for only a small proportion of
the overall between-center variation in outcome. Thus the use of center-
specific risk adjusted outcomes as a tool for quality assessment may be
more reliable than relying upon surgical volume alone. Indeed, a patient’s
risk factors and their level of disease severity may play a more important
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role in determining their individual outcome than the impact of the surgeon
or program’s volume. Nevertheless, the relationship between surgical vol-
ume and outcome in pediatric cardiac surgery is strong enough that it ought
to shape and influence public policy around the decision to centralise pedi-
atric cardiac surgery and support strategies that support higher center and
surgeon volumes and their impact on patients and providers.

Keywords

Case complexity * Norwood procedure ¢ Outcome * Pediatric cardiac
surgery * Quality assessment * Surgical volume

Introduction

Pediatric cardiac surgery is a high-risk field that
depends on safe practices, continuous research
into improvement of outcomes and measurement
of quality [1]. However, the definition and mea-
surement of quality in pediatric cardiac surgery
is in its infancy [2]. One of the most simple and
easily available tools for health quality measures
in all surgical specialities is the surgical volume
of a hospital. Birkmeyer et al. demonstrated that
Medicare patients undergoing selected cardio-
vascular or cancer procedures can significantly
reduce their risk of operative death by simply
selecting a high-volume hospital for their pro-
cedure [3]. Two extensive reviews [4, 5] system-
atically assessed the methodology and results of
studies dealing with this volume/outcome rela-
tionship in varied surgical and medical fields.
Many of these studies were found to be compro-
mised by the use of retrospective administrative
data [6], inadequate risk adjustment and prob-
lematic statistical methodology [7]. In pediatric
cardiac surgery, the specific relationship between
institutional and surgeon volumes and outcome
(mortality, complications) is currently the sub-
ject of numerous investigations and remains
controversial. The conclusions drawn from these
studies might have an outstanding impact inter-
nationally on the intra institution, inter institution
and national organization of pediatric cardiac
services.

This chapter aims at highlighting (1) current
evidence of surgical volume on patient outcome
relationships in pediatric cardiac surgery; (2) the

specific volume/outcome relationship depending
on case complexity, type of surgical procedures
and surgeon volume; and, (3) the potential conse-
quences in terms of quality improvement initia-
tives and regional/national public health policies.

Overall Relationship Between
Institutional Surgical Volume
and Outcome in Pediatric Cardiac
Surgery

Studies Based on Administrative Data
or Single-state Clinical Data

In 1995, Jenkins et al. reported preliminary obser-
vations of variation of in-hospital mortality in
pediatric cardiac surgery depending on hospital
caseload [8]. This study, based on retrospective
assessment of administrative databases included
children undergoing surgery for congenital heart
disease in California or Massachusetts. These
patients were identified by the presence of pro-
cedure codes indicating surgical repair of a con-
genital heart defect in computerized aggregated
hospital discharge abstract databases in the two
states. It was shown that centers performing less
than 300 cases per year had higher risk-adjusted
odds of in-hospital mortality when compared
with thoses performing more than 300 cases
(OR=7.7, <10 cases; OR=2.9, 10 to 100 cases;
OR =3, 101 to 300 cases). This study, limited by
the absence of clinical detail in discharge abstract
databases, concluded that, for children with a
congenital heart defect who underwent surgery in
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California in 1988 or Massachusetts in 1989, the
risk of dying in-hospital was much lower if the
surgery was performed at an institution perform-
ing more than 300 cases annually.

These preliminary findings were then con-
firmed by two investigations performed in
New York State. In 1999, Sollano et al. examined
the relationship between hospital volume and in-
hospital mortality in 3 cardiovascular procedures:
coronary artery bypass grafting, elective repair of
abdominal aortic aneurysms, and repair of con-
genital cardiac defects [9]. Using a New-York
State clinical database, this study demonstrated a
significant inverse relationship between volume
and death in pediatric cardiac surgery (OR, 0.944
for every 100 additional cases), which was most
pronounced for neonates (OR, 0.636 for every
100 additional cases). It also demonstrated the
absence of such a relationship in patients who
benefited from coronary artery bypass grafting.
The authors hypothesized that the NY State qual-
ity improvement program for bypass operations
might explain the difference.

The other New-York State-based study was
specifically designed to evaluate the effects of
hospital and surgeon volume on in-hospital mor-
tality after pediatric cardiac surgery [10]. This
population-based retrospective cohort study used
a single-state clinical database and demonstrated
that both hospital volume and surgeon volume
were significantly associated with risk-adjusted
in-hospital mortality (8.26 % for center <100
cases versus 5.95 % for centers >100 cases).
Moreover, these differences persisted for both
high-complexity and low-complexity pediatric
cardiac procedures.

The topic was addressed again in the early
2000s by two studies exploring two parallel
hypotheses. In 2002, Chang et al. hypothesized
that reducing the numbers of centers performing
pediatric cardiac surgery in a given region would
improve outcome [11]: based on abstracted state-
wide hospital discharge data from California
from 1995 to 1997, they showed that a theoreti-
cal regionalization of pediatric cardiac surgery
in this State during this period was associated
with a reduction in surgical mortality from
5.34 % to 4.08 % when all cases were referred
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to high-volume hospitals, or, mortality was
decreased to 4.60 % when only high-risk cases
were referred. They identified mean annual vol-
ume cut-off points of 70 and 170 cases per year.
However, a group from Israel reported in 2003
that an increase in caseload in a department of
pediatric cardiac surgery tended to decrease the
complications-related mortality rate [12].

This evidence in favour of a significant inverse
relationship between caseload and death in pedi-
atric cardiac surgery has been consistent in five
studies despite different methodologies including
different databases, risk adjustments, and hospi-
tal volume cut-offs. This association was further
reinforced in the late-2000s by two further studies.
In 2007, Bazzani et al. reevaluated the volume-
outcome relationship for pediatric cardiac surgery
using a larger, more contemporary hospital dis-
charge database (1998 —2003) from the state of
California [13]. He and his team found a weaker
and less consistent volume-mortality relationship
than had been reported previously when he rep-
licated the methodology of the previously men-
tioned studies [8—11]. A newly developed and
updated model demonstrated a volume-mortality
relationship but it was dependent on highly lev-
eraged covariate patterns found in the largest-
volume hospital. The attenuated relationship over
time could be explained, according to the authors,
by the avoidance of high-risk surgical procedures
by low-volume hospitals on the one hand, and, by
technological advances adopted at higher-volume
centers sooner and more reliably than lower-
volume centers [14]. Finally, the authors felt that
the impact of quality improvement initiatives [15,
16] at larger hospitals were more pronounced and
sustained.

Welke et al. demonstrated in 2008, the impor-
tant need of risk-adjusted models to further under-
stand the volume/outcome relationship in pediatric
cardiac surgery [17]. They demonstrated using the
national administrative data from the Nationwide
Inpatient Sample (NIS), that, as a discriminator of
mortality, volume alone performed significantly
worse than a model with Risk Adjustment for
Congenital Heart Surgery, version 1 (RACHS-1)
category and age (ROC curve area, 0.60 vs 0.81).
Indeed the unadjusted mortality rate at very small
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hospitals was not different than at large hospitals.
Nevertheless, after adjustment for RACHS-1 cat-
egory and age, large hospitals performed signifi-
cantly better than all other volume groups,
demonstrating that large-volume hospitals per-
formed more complex operations and achieved
superior results when compared to smaller ones.

These findings demonstrated the need for
sophisticated risk-adjusted models. It also pointed
to the limited reliability and predictive abilities
of administrative data regarding the ability to
adjust for patient-level risk factors and surgical
case-mix designation. New studies exploring the
volume/outcome relationship in pediatric cardiac
surgery are now based on national or multicentric
clinical databases.

Studies Based on Multi-state
or National Clinical Data

Welke et al. first demonstrated in 2009, the inverse
association between pediatric cardiac surgical vol-
ume and mortality in a national clinical database
[18]. Using the Society of Thoracic Surgeons
Congenital Heart Surgery Database, and after
adjustment for patient-level risk factors and surgi-
cal case mix (Aristotle Basic Complexity ABC and
RACHS-1 categories), they showed an inverse
relationship between overall surgical volume as a
continuous variable and mortality (P=.002), with
an inflection point between 200 and 300 cases per
year. This study also proved for the first time the
modifying role played by case complexity in medi-
ating the strength of the volume/outcome relation-
ship. Indeed, surgical centers with less than 150
cases per year performed significantly worse those
with more than 350 cases per year, especially for
difficult operations (Aristotle technical difficulty
component score more than 3.0), whereas all
groups performed in similar manner for low-diffi-
culty (Aristotle score less than 2.0) operations.
Pasquali et al. confirmed this volume/outcome
relationship in 2012, in a national clinical data-
base using a surgical risk category-adjusted mul-
tivariable risk analysis [19]. This study also
explored the effect of the institutional volume on
the occurrence of complications and the mortality
rate in patients who suffered from complications.
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Interestingly, this study demonstrated that the
higher mortality observed at centers with more
than 150 cases per year compared to centers with
more than 350 cases per year may be related to a
higher rate of mortality in patients with postop-
erative complications (OR=1.59), rather than a
higher rate of complications alone. This associa-
tion of volume with complication-related mortal-
ity was more marked in the higher surgical risk
categories, which was consistent with data from
Welke et al. [18].

Volume/Outcome Relationship
According to the Case Complexity
and the Type of Procedure

Volume/Outcome Relationship
by Case Complexity

Welke et al. first explored the impact of case com-
plexity in 2009, by showing the volume/outcome
relationship in pediatric cardiac surgery [18]. They
showed that this relationship was most apparent for
difficult operations (Aristotle technical difficulty
component score more than 3.0), for which mortal-
ity decreased from 14.8 % at programs less than
150 cases per year to 8.4 % at programs with more
than 350 cases (OR, 2.41; P<.0001). The same
was true for the subgroup of patients who under-
went a Norwood procedure (36.5 % vs 16.9 %). To
further investigate the volume—mortality relation-
ship, they analyzed volume as a continuous vari-
able and used logistic regression to adjust for
patient-level risk factors and surgical case mix. The
inverse relationship between surgical volume as a
continuous variable and mortality was not signifi-
cant for low-complexity cases (P=0.06) but was
consistent for high-complexity cases (P=0.007)
(Fig. 8.1). This suggests that lower-volume pro-
grams significantly underperformed in comparison
to larger programs as case complexity increased,
whereas volume was not associated with mortality
for low-complexity cases in this study.

Pasquali et al. similarly confirmed a signifi-
cant association between center volume and
mortality in the higher risk patients (STS-EACTS
or STAT categories 4-5) but not in the lower risk
patients (STAT categories 1-3) [19].
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Fig. 8.1 Association between surgical volume and risk-
adjusted mortality by Aristotle difficulty: (a) low
difficulty, <3 (P=0.059); (b) high difficulty,>3 (P=0.007)

Volume/Outcome Relationship
by the Type of Procedure

Hirsch et al. used the administrative Kids’ Inpatient
Database (KID) in 2008 to explore the institutional
volume/outcome relationship for the Norwood and
arterial switch operations (ASO), that represent the
most complex neonatal cardiac procedures [20].
They demonstrated that in-hospital mortality sig-
nificantly decreased for both the ASO and the
Norwood procedure as institutional volume
increased. For ASO, mortality rates were 9.4 % for
institutions performing two ASOs per year, 3.2 %
for 10 ASOs/year, and 0.8 % for 20 ASOs oer year;
for Norwood procedure, these rates were 34.8 %
for two Norwood procedures per year, 25.7 % for
10 Norwood procedures/year, and only 16.7 %
when 20 Norwood procedures were done per year.

Interestingly, Karamlou et al. showed in a
Congenital Heart Surgeons Society (CHSS)
study in 2010 the impact of institutional volume
on the risk-adjusted mortality after ASO or repair
of interrupted aortic arch, but not after a Norwood
procedure or repair of a pulmonary atresia with
intact ventricular septum [21]. The absence of a
strong volume/outcome association in regards to
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(Reprinted from Welke et al. [18], copyright 2009 with
permission from Elsevier)

the Norwood procedure in this study by Karamlou
et al. was not confirmed in following studies that
specifically investigated this topic. Finally, the
same group investigated the volume/outcome
relationship in 2013 after extracorporeal mem-
brane oxygenation (ECMO) in patients younger
than 20 years, using the Project Kids’ Inpatient
Database [22]. After adjustment to case complex-
ity (RACHS-1 categories), the lower ECMO vol-
ume remained a significant determinant of
in-hospital death (OR=1.75; CI:1.03-2.94).

Volume/Outcome Relationship
and the Norwood Procedure

Several recent studies have investigated the vol-
ume—mortality relationship specifically for the
Norwood procedure because of the high level of
system knowledge and coordination that this
procedure requires. Welke et al. demonstrated
that programs that do over 350 cases per year out-
performed all other volume groups for the
Norwood procedure [18] (Fig. 8.2).

Checchia et al. showed using the Pediatric
Health Information System database including
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Fig.8.2 Association between hospital volume and risk-
adjusted mortality for Norwood operations (P<.001)
(Reprinted from Welke et al. [18], copyright 2009 with
permission from Elsevier)

801 Norwood procedures, that the survival after
the Norwood procedure was associated with insti-
tutional Norwood procedure volume (p=0.02)
[23]. Hirsch et al. evaluated 624 Norwood patients
in the Kids’ Inpatient Database and confirmed this
significant inverse association between volume
and mortality (35 % in low-volume centers versus
17 % in high-volume centers) [20].

A 2010 study by Karamlou et al. called the
volume/outcome relationship into question [21].
The authors explained the absence of such a rela-
tionship in their study by three factors. First, the
higher dependence of outcomes after Norwood
procedure on preoperative and postoperative
care, compared to the arterial switch operation;
second, the higher anatomic heterogeneity of
hypoplastic left ventricle compared to TGA; and
third, the fact that this study missed the learning
curve effect in the Norwood cohort compared to
the arterial switch cohort. Moreover, the volume
estimates in this CHSS study were based on the
number of patients from each center enrolled in a
cohort of patients with aortic atresia or stenosis
selected for a Norwood operation, and not on the
overall number of patients at each center under-
going the Norwood operation.

In 2012, Pasquali et al. demonstrated in a study
using a large multicenter registry (The Society
of Thoracic Surgeons Congenital Heart Surgery
Database) that, after adjustment for patient
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Fig. 8.3 Adjusted mortality rate displayed by increasing
center volume (Reprinted from Pasquali et al. [24], copy-
right 2012 with permission from Elsevier)

characteristics, a lower Norwood center volume
remained modestly but significantly associated
with higher in-hospital mortality when evaluated
as a continuous and categorical variable (OR=1.54
(1.02 to 2.32), p=0.04) [24]. Such a relationship
did not vary significantly across preoperative risk
tertiles but did not hold true across all centers
(Fig. 8.3). Indeed, there are some middle volume
centers with Norwood mortality rates compara-
ble to those of higher volume centers, and some
higher volume centers with mortality rates similar
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to those of lower volume groups. Finally, this
study showed that the Norwood volume explained
an estimated 14 % of the between-center variation
in mortality observed after this procedure, and that
the majority of between-center variation in mortal-
ity remained after adjusting for Norwood volume
(p<0.001). Based on these results, the authors
concluded that the use of institutional volume
alone is not a good quality metric for the Norwood
procedure, and, that we would be better off to rely
on center-specific risk adjusted outcomes.

Institutional Volume, Surgeon
Volume or Volume-Independent
Center Effect?

Relative Impact of Surgeon
and Center Volume in Pediatric
Cardiac Surgery

Studies in adult cardiac surgery have concluded
that the observed insitutional volume/ mortality
association was largely mediated by individual sur-
geon volume [25]. It has even been suggested in
adult vascular surgery that a means to improve
one’s chances of survival would be to select a sur-
geon who performs a specific operation frequently
[26, 27]. In pediatric cardiac surgery, this issue was
investigated by 4 groups. In 1998, Hannan et al.
showed, using a New-York State clinical database,
that surgeons with pediatric cardiac surgical cases
volumes of less than 75 per year had significantly
higher mortality rates (8.77 %) than surgeons with
surgical volumes more than 75 cases per year
(5.90 %) [10]. But this result was not confirmed by
2 subsequent studies that addressed this issue in the
specific population of patients that required a
Norwood procedure. Indeed, Checcia et al. found
using a large administrative database that surgeon
volume was not associated with patient outcomes
after a Norwood procedure [23]. In 2010, the CHSS
study by Karamlou et al. showed that neither center
nor surgeon volume were associated alone with
Norwood outcomes [21]. The results of these two
studies might have been limited by the use of
administrative data and the methodology used for
calculating surgical volume.
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More recently, Hornik et al. evaluated the rela-
tive impact of surgeon and center volume on mor-
tality in a large Norwood cohort, using the Society
of Thoracic Surgeons Congenital Heart Surgery
Database [28]. They showed that, when analyzed
individually, both lower center and surgeon vol-
umes were associated with higher in-hospital mor-
tality (odds ratio for surgeons with 05 cases versus
surgeons with more than 10 cases per year=1.60).
This surgeon volume/mortality association after
Norwood procedure was true in all center volume
strata: lower volume surgeons had higher adjusted
in-hospital mortality rates across low, medium, and
high volume centers. A low-volume surgeon’s out-
comes were worse regardless of center volume, but
the surgeons’s results were mitigated by a large
center volume. These results have been reproduced
most potently in a recent analysis of the Single
Ventricle Reconstruction trial, which also showed a
significant survival advantage for high-volume sur-
geons [29]. This association can be easily under-
stood as it has been shown that surgical technical
performance improves outcomes irrespective of
preoperative physiologic status or case complexity
in the Stage 1 norwood procedure [30] and in other
neonatal cardiac surgical procedures [31, 32].
These data could lead to the development of
regional collaboration and centralization policies
within and across centers through enhanced men-
toring program by the highest-volume surgeons.
Nevertheless, this impact of surgeon volume on
Norwood mortality demonstrated by Hornik et al.
was less strong when compared to the impact of
surgeon volume in adult cardiac surgery [25]. This
could be explained by the key role played by other
providers, human factors and hospital-related fac-
tors impacting on the preoperative and postopera-
tive management of complex single-ventricle
physiology, thus decreasing the direct conse-
quences of the impact of surgeon volume in pediat-
ric vs adult cardiac surgery.[33]

A Volume-Independent Center Effect?
Recent studies have demonstrated that a volume-

independent center-effect seems to contribute
substantially to the between-center variability in
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outcomes. This center effect was has been dem-
onstrated after orthotopic heart transplantation
[34]: Kilic et al. demonstrated that institutional
volume alone only accounted for 16.7 % of the
variability in mortality between centers, and that
a significant between-center variability persisted
after adjusting for this factor (P<0.001). This
finding was confirmed in pediatric cardiac sur-
gery in 2013 by Vincour et al. [35]. Vinocur et al.
aimed at characterizing the relative contribution
of patient factors, center surgical volume, and a
volume-independent center effect on early post-
operative mortality in a retrospective cohort
study of North American centers in the Pediatric
Cardiac Care Consortium. Although the center
volume was inversely associated with outcome in
all age groups and risk categories (except the
lowest one), a volume-independent center effect
contributed substantially more to the risk model
than did the volume.

Another group revealed the impact of prior
hospital performance on the current outcomes
after surgery for congenital heart disease [36].
They demonstrated using the Pediatric Health
Information Systems database, that prior hospital
postoperative mortality was significantly associ-
ated with mortality across all risk strata of con-
genital heart surgery, whereas, prior hospital
surgical volume tended to be associated with
improved mortality after only higher-risk opera-
tions. These intriguing recent results suggest that
center-specific variation in outcomes after pedi-
atric cardiac surgery is only partially explained
by operative volume and that other factors have
yet to be clearly identified.

Controversies and Perspectives

The Volume Alone as a Quality
Metric?

The results of the most recent previously men-
tioned studies demonstrate that a relationship
between case volume and mortality should be
interpreted with caution. The trend for lower
mortality at larger centers is not universal: all
larger programs do not perform better than all
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smaller programs. Morevover, it has been shown
that the volume accounted for only a small pro-
portion of the overall between-center variation in
outcome [24, 35, 36]. The lack of long-term fol-
low-up (beyond 30 days) in most of these studies
also limits the evaluation to the very early mortal-
ity. This serious challenge prevents the authors
from addressing the long-term mortality, morbid-
ity, functional status, and neurologic status which
is quite significant in single vessel pathologies
even after repair [18]. Thus, the center or surgeon
volume alone may not be reliable enough to mea-
sure and compare center outcomes. The use of
center-specific risk adjusted outcome as a proxy
tool for quality assessment may be more reliable
than relying upon volume alone [17, 37]. Such an
adjustment should consider at the minimum both
surgical case complexity and patient specific fac-
tors [24]. Indeed, a patient’s risk factors and their
level of disease severity may play a more impor-
tant role in determining their individual outcome
than the impact of the program’s volume.

The Confounding Bias of the Volume
Factor

The true mechanism of the volume/outcome
association remains controversial. Higher vol-
ume centers probably have other organizational,
logistical, technical and/or human characteristics
that at least partially explain this relationship.
These factors include the availability of highly
equipped operating rooms and cath labs, better
management of health resources, ergonimic
design and deployment of new technologies,
composition of the care team, advanced training
programs, improved preoperative and intraopera-
tive care, multidisciplinary discussions, the use
of standardized management protocols, and bet-
ter resilience and timely recognition and treat-
ment of complication [18, 19, 28, 38—41]. That
suggests that higher center volume may be a sur-
rogate for other aspects of care that are more
likely to be provided at larger centers. These pro-
cess measures and structural characteristics of
systems that lead to better outcomes are not cur-
rently captured in available databases. These
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aspects including the role of human factors, team
training and debriefing and non technical team
skills should be extensively studied to determine
their respective roles in outcomes after pediatric
cardiac surgery [33, 42, 43]. The increasing
mobility of skillful and experienced surgical,
anesthesia and ICU staff should also be taken
into account when studying the volume/outcome
relationship [44]. Finally, we could also wonder
whether high case volumes may lead to the
improvement of outcomes thanks to an increased
practice or better results attract more referrals,
thus leading to higher volumes [11]. The relation
between high volume and better outcomes
remains strong and persistent in the field of pedi-
atric cardiac surgery. [24, 28, 29], What then
should policy makers do? what should parents
and healthcare mangers do? and in view of the
results of the latest studies [45, 46].

What Do We Do with These Results?

The regionalization of care and the selective
referral of patients to high performing centers
have been proposed based on these results of the
volume/outcome relationship in pediatric cardiac
surgery. Chang et al., suggested that regionaliza-
tion of services in California may result in
decreased mortality in children undergoing car-
diac surgery [11]. Such a regionalization of care
has already been done in some European coun-
tries, most pronounced in Sweden, Norway, UK,
the Netherlands and Poland. For example, in
Sweden, care was centralized to two centers with
the lowest mortality and early national mortality
rates were reduced from 9.5 to 1.9 % [47]. In the
US, Mainwaring et al. showed that a model based
on affiliation of low volume programs with a
larger academic program within the same region,
including referral of high-complexity cases such
as Norwood operations to the high volume pro-
gram, was associated with lower overall mortal-
ity [48]. Whether regionalization of care for
children undergoing heart surgery in the United
States is politically and financially feasible or
even desirable remains under debate. We suggest
that regionalization should be conducted on a

region-by-region basis, according to the charac-
teristics of local geography, demographics, and
healthcare markets [41].

Alternative strategies to regionalisation of
care have been proposed to reduce the present
unacceptable large variation between centers.
Quality improvement initiatives, quality assur-
ance initiatives, development of evidence-based
best practice guidelines [24], (for instance stan-
dardizing the way we recognize and manage
complications [19]) could lead to major improve-
ment of outcomes in pediatric cardiac surgery.
Recent quality improvement activities including
widespread use of learning collaboratives in adult
cardiac surgery involving the adult cardiac sur-
gery programs in Michigan [49] or the Northern
New England Cardiovascular Disease Study
Group [50] proved the feasibility and impact of
quality improvement initiatives and could be
applied to the field of the pediatric cardiac sur-
gery. The National Pediatric Cardiology Quality
Improvement Collaborative (NPC-QIC) is a
potential model for applying system improve-
ment and learning collaboratives.[51]

Conclusions

There is a significant inverse relationship
between surgical institutional and surgeon
volume and outcomes in pediatric cardiac sur-
gery. This relationship depends on case com-
plexity and the type of surgical procedures.
Lower-volume programs tend to underperform
larger programs as case complexity increases.
High-volume pediatric cardiac surgeons also
tend to have better results compared with low-
volume surgeons, especially in the Norwood
procedure. Nevertheless, this trend for lower
mortality at larger centers is not universal: all
larger programs do not perform better than all
smaller programs. Morevover surgical volume
seems to account for only a small proportion
of the overall between-center variation in out-
come. Thus the use of a center-specific risk
adjusted outcome as a tool for quality assess-
ment may be more reliable than relying upon
surgical volume alone. However, the relation-
ship between surgical volume and outcomes
in pediatric cardiac surgery is strong enough
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that it ought to guide regional and national
healthcare policies around centralization of
complex pediatric cardiac surgery.

References

10.

11.

12.

. Bacha EA. Patient safety and human factors in pediat-

ric cardiac surgery. Pediatr Cardiol. 2007;28(2):
116-21. PubMed PMID: 17487540.

. Welke KF, Jacobs JP, Jenkins KJ. Evaluation of quality

of care for congenital heart disease. Semin Thorac
Cardiovasc Surg Pediatr Card Surg Annu. 2005;8(1):
157-67. PubMed PMID: 15818372.

. Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA,

Lucas FL, Batista I, et al. Hospital volume and surgi-
cal mortality in the United States. N Engl J Med.
2002;346(15):1128-37. PubMed PMID: 11948273.

. Dudley RA, Johansen KL, Brand R, Rennie DIJ,

Milstein A. Selective referral to high-volume hospi-
tals: estimating potentially avoidable deaths. JAMA.
2000;283(9):1159-66. PubMed PMID: 10703778.

. Halm EA, Lee C, Chassin MR. Is volume related to

outcome in health care? A systematic review and meth-
odologic critique of the literature. Ann Intern Med.
2002;137(6):511-20. PubMed PMID: 12230353.

. Welke KF, Peterson ED, Vaughan-Sarrazin MS, O’Brien

SM, Rosenthal GE, Shook GJ, et al. Comparison of car-
diac surgery volumes and mortality rates between the
Society of Thoracic Surgeons and Medicare databases
from 1993 through 2001. Ann Thorac Surg.
2007;84(5):1538-46. PubMed PMID: 17954059.

. Shahian DM, Normand SL. The volume-outcome rela-

tionship: from Luft to Leapfrog. Ann Thorac Surg.
2003;75(3):1048-58. PubMed PMID: 12645752.

. Jenkins KJ, Newburger JW, Lock JE, Davis RB,

Coffman GA, Iezzoni LI. In-hospital mortality for surgi-
cal repair of congenital heart defects: preliminary obser-
vations of variation by hospital caseload. Pediatrics.
1995;95(3):323-30. PubMed PMID: 7862467.

. Sollano JA, Gelijns AC, Moskowitz AJ, Heitjan DF,

Cullinane S, Saha T, et al. Volume-outcome relationships
in cardiovascular operations: New York State, 1990—
1995. J Thorac Cardiovasc Surg. 1999;117(3):419-28,;
discussion 28-30. PubMed PMID: 10047643.

Hannan EL, Racz M, Kavey RE, Quaegebeur JM,
Williams R. Pediatric cardiac surgery: the effect of hospi-
tal and surgeon volume on in-hospital mortality. Pediatrics.
1998;101(6):963-9. PubMed PMID: 9606220.

Chang RK, Klitzner TS. Can regionalization decrease
the number of deaths for children who undergo car-
diac surgery? A theoretical analysis. Pediatrics.
2002;109(2):173-81. PubMed PMID: 11826192.
Dagan O, Birk E, Katz Y, Gelber O, Vidne
B. Relationship between caseload and morbidity and
mortality in pediatric cardiac surgery—a four year
experience. Isr Med Assoc J. 2003;5(7):471-4.
PubMed PMID: 12901239.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

D. Kalfa et al.

Bazzani LG, Marcin JP. Case volume and mortality in
pediatric cardiac surgery patients in California, 1998—
2003. Circulation. 2007;115(20):2652-9. PubMed
PMID: 17485577.

. Hannan EL, Siu AL, Kumar D, Kilburn Jr H, Chassin

MR. The decline in coronary artery bypass graft surgery
mortality in New York State. The role of surgeon vol-
ume. JAMA. 1995;273(3):209—-13. PubMed PMID:
7807659.

Gauvreau K. Reevaluation of the volume-outcome
relationship for pediatric cardiac surgery. Circulation.
2007;115(20):2599-601. PubMed PMID: 17515477.
Ho V. Evolution of the volume-outcome relation for
hospitals performing coronary angioplasty. Circulation.
2000;101(15):1806—11. PubMed PMID: 10769281.
Welke KF, Diggs BS, Karamlou T, Ungerleider RM. The
relationship between hospital surgical case volumes and
mortality rates in pediatric cardiac surgery: a national
sample, 1988-2005. Ann Thorac Surg. 2008;86(3):889—
96; discussion —96. PubMed PMID: 18721578.

Welke KF, O’Brien SM, Peterson ED, Ungerleider
RM, Jacobs ML, Jacobs JP. The complex relationship
between pediatric cardiac surgical case volumes and
mortality rates in a national clinical database. J Thorac
Cardiovasc Surg. 2009;137(5):1133-40. PubMed
PMID: 19379979.

Pasquali SK, Li JS, Burstein DS, Sheng S, O’Brien
SM, Jacobs ML, et al. Association of center volume
with mortality and complications in pediatric heart
surgery. Pediatrics. 2012;129(2):e370-6. PubMed
PMID: 22232310. Pubmed Central PMCID: 3269112.
Hirsch JC, Gurney JG, Donohue JE, Gebremariam A,
Bove EL, Ohye RG. Hospital mortality for Norwood
and arterial switch operations as a function of institu-
tional volume. Pediatr Cardiol. 2008;29(4):713-7.
PubMed PMID: 18080151.

Karamlou T, McCrindle BW, Blackstone EH, Cai S,
Jonas RA, Bradley SM, et al. Lesion-specific out-
comes in neonates undergoing congenital heart sur-
gery are related predominantly to patient and
management factors rather than institution or surgeon
experience: a Congenital Heart Surgeons Society
Study. J Thorac Cardiovasc Surg. 2010;139(3):569—
77 el. PubMed PMID: 19909989.

Karamlou T, Vafaeezadeh M, Parrish AM, Cohen GA,
Welke KF, Permut L, et al. Increased extracorporeal
membrane oxygenation center case volume is associated
with improved extracorporeal membrane oxygenation
survival among pediatric patients. J Thorac Cardiovasc
Surg. 2013;145(2):470-5. PubMed PMID: 23246046.
Checchia PA, McCollegan J, Daher N, Kolovos N, Levy
F, Markovitz B. The effect of surgical case volume on
outcome after the Norwood procedure. J Thorac
Cardiovasc Surg. 2005;129(4):754-9. PubMed PMID:
15821640.

Pasquali SK, Jacobs JP, He X, Hornik CP, Jaquiss RD,
Jacobs ML, et al. The complex relationship between center
volume and outcome in patients undergoing the Norwood
operation. Ann Thorac Surg. 2012;93(5):1556-62. PubMed
PMID: 22014746. Pubmed Central PMCID: 3334400.



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Surgical Volume and Outcome Relationship in Pediatric Cardiac Surgery

Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP,
Wennberg DE, Lucas FL. Surgeon volume and opera-
tive mortality in the United States. N Engl J Med.
2003;349(22):2117-27. PubMed PMID: 14645640.
McPhee JT, Robinson 3rd WP, Eslami MH, Arous EJ,
Messina LM, Schanzer A. Surgeon case volume, not
institution case volume, is the primary determinant of
in-hospital mortality after elective open abdominal
aortic aneurysm repair. J Vasc Surg. 2011;53(3):591-9
e2. PubMed PMID: 21144692.

Wu C, Hannan EL, Ryan TJ, Bennett E, Culliford AT,
Gold JP, et al. Is the impact of hospital and surgeon
volumes on the in-hospital mortality rate for coronary
artery bypass graft surgery limited to patients at high
risk? Circulation. 2004;110(7):784-9. PubMed PMID:
15302792.

Hornik CP, He X, Jacobs JP, Li JS, Jaquiss RD, Jacobs
ML, et al. Relative impact of surgeon and center vol-
ume on early mortality after the Norwood operation.
Ann Thorac Surg. 2012;93(6):1992-7. PubMed
PMID: 22516833. Pubmed Central PMCID: 3469698.
Tweddell JS, Sleeper LA, Ohye RG, Williams IA,
Mahony L, Pizarro C, et al. Intermediate-term mortality
and cardiac transplantation in infants with single-ventricle
lesions: risk factors and their interaction with shunt type.
J Thorac Cardiovasc Surg. 2012;144(1):152-9. PubMed
PMID: 22341427. Pubmed Central PMCID: 3359406.
Karamichalis JM, Thiagarajan RR, Liu H, Mamic P,
Gauvreau K, Bacha EA. Stage I Norwood: optimal
technical performance improves outcomes irrespec-
tive of preoperative physiologic status or case com-
plexity. J Thorac Cardiovasc Surg. 2010;139(4):962-8.
PubMed PMID: 20074754.

Shuhaiber J, Gauvreau K, Thiagarjan R, Bacha E,
Mayer J, Del Nido P, et al. Congenital heart surgeon’s
technical proficiency affects neonatal hospital sur-
vival. J Thorac Cardiovasc Surg. 2012;144(5):1119—
24. PubMed PMID: 22421402.

Nathan M, Karamichalis JM, Liu H, Emani S, Baird C,
Pigula F, et al. Surgical technical performance scores
are predictors of late mortality and unplanned reinter-
ventions in infants after cardiac surgery. J Thorac
Cardiovasc Surg. 2012;144(5):1095-101.e7. PubMed
PMID: 22939862.

Galvan C, Bacha B, Mohr J, Barach P. A human factors
approach to understanding patient safety during pediatric
cardiac surgery. Prog Pediatr Cardiol. 2005;20:13-20.
Kilic A, Weiss ES, Yuh DD, Shah AS, Cameron DE,
Baumgartner WA, et al. Institutional factors beyond pro-
cedural volume significantly impact center variability in
outcomes after orthotopic heart transplantation. Ann
Surg. 2012;256(4):616-23. PubMed PMID: 22964734.
Vinocur JM, Menk JS, Connett J, Moller JH,
Kochilas LK. Surgical volume and center effects on
early mortality after pediatric cardiac surgery:
25-year North American experience from a multi-
institutional registry. Pediatr Cardiol. 2013;2.
PubMed PMID: 23377381.

Oster ME, Strickland MJ, Mahle WT. Impact of prior
hospital mortality versus surgical volume on mortality

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

133

following surgery for congenital heart disease. J Thorac
Cardiovasc Surg. 2011;142(4):882-6. PubMed PMID:
21571324.

Khuri SF, Henderson WG. The case against volume as
a measure of quality of surgical care. World J Surg.
2005;29(10):1222-9. PubMed PMID: 16151664.
Goh AY, Lum LC, Abdel-Latif ME. Impact of 24 hour
critical care physician staffing on case-mix adjusted
mortality in paediatric intensive care. Lancet.
2001;357(9254):445-6. PubMed PMID: 11273070.
Srinivasan C, Sachdeva R, Morrow WR, Gossett J,
Chipman CW, Imamura M, et al. Standardized man-
agement improves outcomes after the Norwood pro-
cedure. Congenit Heart Dis. 2009;4(5):329-37.
PubMed PMID: 19740187.

Ghaferi AA, Birkmeyer JD, Dimick JB. Complications,
failure to rescue, and mortality with major inpatient sur-
gery in medicare patients. Ann Surg. 2009;250(6):
1029-34. PubMed PMID: 19953723.

Smith PC, Powell KR. Can regionalization decrease the
number of deaths for children who undergo cardiac sur-
gery? A theoretical analysis. Pediatrics. 2002;110(4):849—
50; dicsussion —50. PubMed PMID: 12359811.

Section on C, Cardiac S, American Academy of P.
Guidelines for pediatric cardiovascular centers. Pediatrics.
2002;109(3):544-9. PubMed PMID: 11875158.

Barach P, Johnson J, Ahmed A, Galvan C, Bognar A,
Duncan R, Starr J, Bacha E. Intraoperative adverse
events and their impact on pediatric cardiac surgery: a
prospective observational study. J Thorac Cardiovasc
Surg. 2008;136(6):1422-8.

Mosca RS. Invited commentary. Ann Thorac Surg.
2012;93(5):1562. PubMed PMID: 22541186.

Bacha E. Invited commentary. Ann Thorac Surg.
2012;93(6):1998. PubMed PMID: 22632495.
Winlaw D, d’Udekem Y, Barach P. Where to now for
paediatric surgery? ANZ J Surg. 2011;81:659-60.
Lundstrom NR, Berggren H, Bjorkhem G, Jogi P,
Sunnegardh J. Centralization of pediatric heart sur-
gery in Sweden. Pediatr Cardiol. 2000;21(4):353-7.
PubMed PMID: 10865012.

Mainwaring RD, Reddy VM, Reinhartz O, Lamberti JJ,
Jacobson JG, Jimenez DL, et al. Outcome analysis for a
small, start-up congenital heart surgery program. J Card
Surg. 2008;23(6):622—-6. PubMed PMID: 19016985.
Prager RL, Armenti FR, Bassett JS, Bell GF, Drake D,
Hanson EC, et al. Cardiac surgeons and the quality
movement: the Michigan experience. Semin Thorac
Cardiovasc Surg. 2009;21(1):20-7. PubMed PMID:
19632559.

Likosky DS, Nugent WC, Ross CS, Northern New
England Cardiovascular Disease Study Group.
Improving outcomes of cardiac surgery through coop-
erative efforts: the northern new England experience.
Semin Cardiothorac Vasc Anesth. 2005;9(2):119-21.
PubMed PMID: 15920635.

Lannon CM, Miles PV. Pediatric collaborative
improvement networks: bridging quality gaps to
improve health outcomes. Pediatrics. 2013;131 Suppl
4:S187-8.



N.H. Greene, MD

Nathaniel H. Greene, Sanjay M. Bhananker,
Karen L. Posner, and Karen B. Domino

Abstract

The Pediatric Perioperative Cardiac Arrest (POCA) Registry was one of the
first registries of its kind to generate an accurate incidence of perioperative
cardiac arrest in pediatric patients undergoing surgery in the United States.
This task was accomplished by collaboration with 62 medical centers
including both academic institutions and community hospitals. While the
POCA Registry faced some methodological challenges unique to the time it
was created, it was able to answer important questions about factors associ-
ated with perioperative cardiac arrest in pediatric patients requiring anesthe-
sia for surgery. POCA Registry data demonstrate that high American Society
of Anesthesiologists physical status and emergency surgery were indepen-
dent predictors of mortality from perioperative cardiac arrest, and that
patients with congenital heart disease were at a significant and increased of
perioperative cardiac arrest while undergoing noncardiac procedures. POCA
Registry data also suggested that the use of halothane was particularly haz-
ardous for infants. Future efforts to address perioperative cardiac arrest will
benefit from utilization of electronic-based resources, although their wide-
spread implementation is several years away.
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POCA Registry Beginnings

While it was first suggested in 1954 that children
were at higher risk for anesthesia-related death
[1], the mechanisms of anesthesia-related death
and risk factors for anesthesia-related death had
not been described. The impetus to establish the
Pediatric Perioperative Cardiac Arrest (POCA)
Registry arose from an analysis of closed pediat-
ric anesthesia malpractice claims using American
Society of Anesthesiologists (ASA) Closed Claims
Project data [2]. The Closed Claims Project is a
longitudinal study of malpractice claims filed
against anesthesiologists in the United States.
Closed Claims Project data includes detailed clini-
cal information on events and outcomes allegedly
causing anesthesia-related injury from 1970 to the
present (excluding injury to teeth), regardless of
whether the claim was dropped, settled, or adju-
dicated. Closed Claims Project data showed that
pediatric patients had higher perioperative mortal-
ity rates and more respiratory events than adults
[2]. The differences observed between adult and
pediatric patients was striking, with respiratory
events 43 % more common and mortality rates
43 % higher in pediatric claims. In the claims
examined, the complications in pediatric patients
were thought to be more commonly preventable
with better monitoring, and anesthetic care was
judged to be less than appropriate in a majority
of the cases. The relative contributions of patient
disease, anesthesia, and surgery to these complica-
tions were not well understood.

Examining each pediatric anesthetic mal-
practice claim closely revealed insufficiently
detailed information surrounding the intraoper-
ative event of interest, as the focus of the Closed
Claims Project was not cardiac arrest and resus-
citation, but rather any complication of anesthe-
sia and resultant lawsuits which may or may not
have led to payouts [3]. As such, details pertain-
ing to resuscitation and cardiac arrest were par-
ticularly lacking [4]. Using the Closed Claims
Project to examine this topic would likely lead
to a biased sample as it would be more likely
to capture arrests with poor outcomes. Also, as
cardiac arrest in children was still a relatively
rare event, even a relatively large database such
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as the Closed Claims Project yielded insufficient
numbers of cases for robust analyses. Efficient
study of this process would require multiple
institutions to participate in a registry in order
to be able to collect a large number of events
in a timely fashion. Thus, the POCA Registry
was started by the Closed Claims Study Group
in the Department of Anesthesiology and Pain
Medicine at the University of Washington in
Seattle, where the ASA Closed Claims Project
database [5] was housed. The POCA Registry
was guided by its own steering committee of
pediatric anesthesiologists from Children’s
Hospital in Seattle and Stanford University
Medical Center, with guidance and oversight by
the Closed Claims Project.

Startup funding for the POCA Registry was
provided by the ASA Committee on Professional
Liability within the Closed Claims Project. The
POCA Registry was further endorsed by the
American Academy of Pediatrics (AAP) Section
on Anesthesiology Committee on Quality
Assurance. The infrastructure for the Registry
was put in place by the Closed Claims Project
investigators, and case reports of pediatric peri-
operative cardiac arrests began to be collected
in 1994, just 1 year following the initial publica-
tion of pediatric closed claims analysis.
The POCA Registry did not have any indepen-
dent funding or staff specifically devoted to the
project.

Registry Design

The POCA Registry study group initially
obtained voluntary participation from not only
academic medical centers, but also community
hospital groups in a hope to truly understand
risk factors for pediatric cardiac arrest in all
surgical operating rooms. Each participating
center submitted pediatric case volume data
annually to create a denominator for registry
case data. Case report data collection forms
were sent to participating institutions each year
to gather detailed reports of cases of cardiac
arrest that occurred at each institution. New



9 The Pediatric Perioperative Cardiac Arrest (POCA) Registry 1

POCA Registry Panel

Hospital
anesthesia

departments
\ Anesthetics 4+
administered
to patients
/ 0-18years || T~
Anesthesia

services or

group
practices

37
Data submitted to Data analysis
coordinating center
Aggregate ///y
case
volume
data /T
Detailed | 1> Causes
anonymous |~ |
case
reports \\“

Fig. 9.1 Methodological overview of POCA registry (Reproduced from BMJ Quality and Safety; Posner et al. [4],
copyright 2002 with permission from BMJ Publishing Group Ltd)

forms were sent to every participating institution
each year, occasionally with updated questions
and data entry fields. Centers were allowed to
join or leave each calendar year on January 1st
in an effort to have an accurate estimation of
which centers were still participating and sub-
mitting cases, so that we could track the denom-
inator. The panel of participating institutions
remained fairly stable at approximately 70 each
year. Each participating center designated an
anesthesiologist volunteer that was the institu-
tional representative, responsible for sending in
the data to the Registry.

Cardiac arrest was defined as cardiopulmo-
nary resuscitation (including administration of
chest compressions) or death [4]. Cases were
included if a cardiac arrest occurred in a child 18
years of age or younger during administration of
or recovery from anesthesia. Neonatal resuscita-
tions and resuscitations in the pediatric intensive
care unit or on the ward were excluded to ensure
that cardiac arrests captured were likely to be
associated with anesthesia. Failure to wean from
cardiac bypass was captured on a short case
report form. Basic demographic data was col-
lected on these cases to have an accurate count,
but these cases were assumed to be surgical com-
plications or related to patient disease rather than

anesthesia-related arrests. The data collection
process for the POCA Registry is outlined in
Fig. 9.1 [4].

For each case, an 8-page case report form with
14 sections was completed by the institutional
representative and submitted to the Registry.
These 14 sections included patient data (demo-
graphic variables, ASA status), procedure data
(surgical procedure and type, type of anesthetic,
time of induction), personnel involvement (all
providers involved in care at time of arrest includ-
ing amount of training of attending anesthesiolo-
gist and if the attending was present at the time
of arrest), sedation (details on type of sedation
techniques used, if applicable), premedications,
regional anesthesia use, general anesthesia use
(types of medications used to induce and maintain
anesthesia including details on anesthetic depth),
status immediately prior to cardiac arrest (posi-
tion of patient, level of airway support, monitors
used, and clinical warnings prior to arrest), status
during cardiac arrest (including location of arrest,
and the presumed cause of arrest), resuscitation
data (times of and all treatments given during
resuscitation), outcome of cardiac arrest (includ-
ing severity of injury after arrest), an overall
assessment section, follow up criteria, and a writ-
ten narrative of the events. A follow up form was
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submitted if certain information regarding the
arrest had yet to be clarified, or if the injury sus-
tained during the arrest had not yet fully evolved.

Findings

There were three main analyses using POCA
Registry data and each contributed something dif-
ferent to understanding the incidence and factors
associated with pediatric anesthesia cardiac arrest.

First Analysis

The first report from the POCA Registry [6] con-
firmed what was suspected by some pediatric
anesthesiologists, that the use of halothane, even
in acceptable doses, appeared to have contributed
to many cases of cardiac arrest. The most com-
mon mechanisms of anesthesia-related cardiac
arrest in children in POCA Registry case reports
were medication (mostly halothane alone or in
combination with other anesthetic agents) and
cardiovascular events. Infants (less than 12
months of age) accounted for greater than half of
POCA Registry case reports of cardiac arrest
related to anesthesia. This finding was consistent
with previous reports of higher risk of cardiac
arrest in infants. Other causes of arrest included
respiratory system problems (20 %, most com-
monly laryngospasm and airway obstruction) and
equipment (7 %, mainly central venous catheters).

70% 7
60% -
50% -

Fig.9.2 Cause of Cardiac
Arrest by Category, Stratified
by ASA Physical Status.
*p<0.01 compared with
ASA physical status 3-5
patients. CV cardiovascular
(Reproduced from Morray

40%
30% -
20%
10% -
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Interestingly, the proportionate causes of arrest
varied significantly between healthy (ASA physi-
cal status 1-2) and chronically ill (ASA physical
status 3-5) patients (Fig. 9.2) [6]. The most com-
mon cause of anesthesia-related arrest in healthy
children was medication-related while arrest in
chronically ill children was more often cardio-
vascular in nature. The figure represents propor-
tionate risk data within the POCA Registry
sample of anesthesia-related perioperative arrests
and not a representation of absolute risk within
the general pediatric population.

Another major finding from this initial report
was analysis of factors associated with mortality
from perioperative cardiac arrest. ASA physical
status of 3—5 (odds ratio of 13, 95 % CI1 2.9-57.7)
and emergency surgery (odds ratio of 4, 95 % CI
1.6-9.6) were associated with mortality follow-
ing anesthesia-related cardiac arrest in the POCA
Registry data. After adjusting for these factors,
age group and type of surgery were not predictive
of mortality. Although infants represented a
higher proportion of cardiac arrest cases in the
POCA Registry, and this seemed to be related to
cardiovascular suppression effects of halothane,
outcome (mortality) from a cardiac arrest was
only related to ASA physical status and whether
or not the surgery was emergent (rather than age).
While anesthesia-related cardiac arrest was more
common in infants, once arrest occurred, health-
ier patients undergoing elective surgery were
more likely to be successfully resuscitated than
sick infants.

m ASA 1-2 (n=50)
8 ASA 3-5 (n=100)

et al. [6] with permission 0% -
from Wolters Kluwer

Health)

Medication

% of cases in ASA Physical Status Group

cv Respiratory  Equipment Multiple
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Table 9.1 Incidence estimates of perioperative cardiac arrest in pediatric patients including POCA results (in italics)

Years No. of Perioperative Perioperative Case
Source represented Sample size hospitals Country CA rate? CA mortality® fatality (%)
Morray et al. [6] 1994-1997 1,089,200 63 US/Canada 14 0.36 26
Kurth et al. [7] 2010-2013 736,365 19 us 3.27¢ 1.06 32
van der Griend 2003-2008 101,885 1 Australia NR 0.98 NR
etal. [8]
Flick et al. [9] 1988-2005 92,881 1 US (Minnesota) 0.65 0.22 33
Murat et al. [10]  2000-2002 24,165 1 France 0.8 0 0
Ahmed et al. [11] 1992-2006 20,216 1 Pakistan 2.0 0.49 25
Newland etal. [12] 1989-1999 16,051 1 US (Nebraska) 1.9 0 0
Tay et al. [13] 1997-1999 10,000 1 Singapore 1d 0 0

CA cardiac arrest, NR none reported

aAnesthesia-related cardiac arrests/10,000 anesthetics
YAnesthesia-related deaths/10,000 anesthetics

“% of anesthesia-related cardiac arrests resulting in death
dRelationship to anesthesia not reported

The data from this first report was the best
data to capture an accurate incidence estimate of
cardiac arrest (1.4 arrests per 10,000 anesthetics
delivered) given the participation and compliance
was most likely highest during the first few years
of the Registry. Several subsequent studies would
later estimate similar rates of anesthetic-related
perioperative cardiac arrest and mortality
(Table 9.1) [6-13], but most had nowhere near
the number of patients studied as were enrolled in
the POCA Registry. This incidence estimate may
not be as relevant today since halothane is rarely
used in the United States, but it was relevant at
the time it was published and is not far from more
recent estimates. While this estimate of the rate
of cardiac arrest was considered an accurate esti-
mate based on the POCA Registry institutions, it
represented only those institutions participating
in the POCA Registry. As in all similar estimates,
its relationship to total US incidence of cardiac
arrest among pediatric anesthesia patients was
impossible to assess.

Second Analysis

The second report from the POCA Registry [14]
comparing anesthesia-related cardiac arrest from
1998-2004 to those from 1994-97 suggested a
shift in the causes of cardiac arrest from the first

report, as halothane use for pediatric anesthesia
had declined substantially over time. Medication-
related arrests decreased by approximately half
between the first and second report (Fig. 9.3)
[14], with halothane-related arrests decreasing
from 25 % of all anesthesia-related arrests in the
first publication to only 5 % in 1998-2004.
Additionally, cardiac arrest in ASA 1 patients
was less common in the second analysis com-
pared to the earlier report (7 % vs. 15 %). The
more prevalent causes of arrest being reported in
1998-2004 were cardiovascular (41 % of
anesthesia-related arrests in 1998-2004, Fig. 9.3)
with the most common identifiable cardiovascu-
lar mechanisms of arrest identified as hypovole-
mia from blood loss or complications from
inappropriate fluid resuscitation and blood trans-
fusion (usually hyperkalemia). As hypovolemia
associated with blood loss was the most common
cause, the cause of this hypovolemia was ana-
lyzed in detail. This analysis revealed that an
underestimation of blood loss was the most com-
mon cause of hypovolemia leading to
cardiovascular-related cardiac arrest in children
(48 % of cases). The next most common cardio-
vascular causes of perioperative cardiac arrest
were inadequate peripheral venous access (22 %)
and not having (or not transducing) a central
venous catheter, thus underestimating the patient
volume status (22 %).
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An additional analysis presented in this sec-
ond POCA Registry report examined causes of
arrest by phase of patient care (Fig. 9.4) [14].
While most (58 %) arrests occurred during the
surgical procedure (maintenance phase of anes-
thesia), 24 % occurred prior to incision (pre-
induction or induction) and 19 % after completion
of surgery (emergence, transport or recovery).
The predominant cause of arrest during anesthe-
sia maintenance was cardiovascular in origin
(52 %), usually related to fluid resuscitation dur-
ing craniotomy or spine surgery, while the pre-
dominant cause of arrest during the post-surgical
phase was respiratory in origin (50 %), usually in
patients with an unprotected airway during emer-
gence or recovery. A majority of the respiratory
related arrests were observed in airway/ear, nose,
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*%

M 1998-2004 (n=193)
] 1994-1997 (n=150)

Respiratory Medication  Equipment  Unknown

throat surgery highlighting this type of surgery as
a potential risk factor for cardiac arrest.

The mortality from anesthesia-related cardiac
arrest observed in this second report was 28 %,
which was similar to the estimate from the first
analysis (26 %). Similarly, the only factors pre-
dictive of mortality from cardiac arrest were ASA
physical status 3-5 (odds ratio 3.6, 95 % CI 1.3—
9.8) and emergency surgery (odds ratio 2.8, 95 %
CI 1.3-5.9).

The incidence of cardiac arrest was not
reported in this second report from the POCA
Registry. It was suspected that compliance and
reporting had declined over time and incidence
calculations might be inaccurate. Nevertheless,
analysis of proportionate causes of cardiac arrest
was still very useful. Pediatric anesthesia practice
today is similar to that being practiced during the
time frame of this second report, so the results
from this analysis are still applicable today and
form the basis for our understanding of periop-
erative cardiac arrest risk in all children who
undergo surgery.

Final Analysis

The final report from the POCA Registry [15]
examined all available data in the Registry (case
reports from 1994 to 2005) with the aim of com-
paring anesthesia-related arrests in children with
heart disease to those without heart disease.
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Table 9.2 Cardiac lesion surgical status and mortality

Lesion surgical status®

Cardiac lesion No. of cases  Unrepaired Palliated Repaired Mortality died
Single ventricle 24 5 (21 %) 19 (79 %) 0(0 %) 6 (25 %)
Left to right shunts (ASD, VSD) 23 14 (61 %) 0(0 %) 9 (39 %) 4(17 %)
Obstructive (coarctation/AS/PS) 20 15 (75 %) 3 (15 %) 2 (10 %) 9 (45 %)
Aortic stenosis 13 10 (77 %) 2 (15 %) 1(8 %) 8 (62 %)
Cardiomyopathy 16 15 (94 %) 1(6 %) 0 (0 %) 8 (50 %)
Tetralogy of fallot 15 536 %) 7 (50 %) 2 (14 %) 3 (20 %)
Truncus arteriosus 6 5 (83 %) 0 (0 %) 1 (17 %) 2 (33 %)

Reproduced from Ramamoorthy et al. [15] with permission from Wolters Kluwer Health.
Percentages based on number of cases with this lesion (row total)
ASD atrial septal defect, VSD ventricular septal defect, coarctation coarctation of the aorta, AS aortic stenosis, PS pul-

monary stenosis
aCases with unknown status excluded

Children were classified as having heart disease if
they had congenital or acquired disease, with the
most common conditions including single ventri-
cle, left to right shunts (septal defects), obstruc-
tive lesions (coarctation of the aorta, aortic
stenosis, pulmonary stenosis), cardiomyopathy,
tetralogy of Fallot, and truncus arteriosus. It was
additionally noted whether or not their disease
was surgically repaired, palliated, or unrepaired.
Patients with heart disease were sicker at the time
of arrest (92 % ASA physical status 3-5). This
analysis found that cardiac arrests in children with
heart disease were more commonly reported dur-
ing elective non-cardiac procedures than during
cardiac surgery or cardiac catheterization proce-
dures. The cause of cardiac arrest in these patients
was usually cardiovascular in nature, but the pre-
cise cause could not be specified in more than half
of the cardiovascular-related cases.

Although patients with heart disease were less
likely to be successfully resuscitated after an
arrest compared to those without heart disease,
this was associated with their disease and under-
lying health status rather than simply the pres-
ence of heart disease itself. When adjusted for
ASA physical status, the mortality was similar
between patients with heart disease and patients
without heart disease after anesthesia-related car-
diac arrest. An additional analysis also showed
an interesting mortality stratification by the status
of the surgical lesion: 43 % for those with unre-
paired lesions, 27 % for those with palliated

lesions, and only 6 % for those with completely
repaired lesions (Table 9.2).[15]

Although six percent of the cardiac arrests in
the heart disease population were associated with
halothane, the vast majority of the cases in this
final report were related to other anesthetic agents
or causes unrelated to anesthetic agent. The results
are therefore largely still applicable to today’s
practice of anesthesia. Nine of the 11 equipment-
related cardiac arrests in the heart disease popula-
tion were related to central line placement, 7 in
newborns (less than 30 days old), although it is
not clear if these occurred before ultrasound was
routinely used to place these lines.

The findings from this analysis were particu-
larly striking and alerted the anesthesiology com-
munity to the risk of perioperative cardiac arrest
in patients with congenital heart disease undergo-
ing non-cardiac surgery. As a result of this work,
some have advocated [16] for having pediatric
cardiac anesthesiologists available to assist in the
care of pediatric patients with heart disease
undergoing non-cardiac procedures, although
this is not a consensus opinion.

Limitations of the POCA Registry

When the POCA Registry started, there were
no consistent legal protections in place for col-
lecting quality improvement data, which led
the study designers to make all submissions
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anonymous. The case reports had no physician,
patient, or institutional identifiers, and the POCA
Registry could not trace case reports back to the
submitting institution. One limitation of anony-
mous data collection was that POCA Registry
staff could not keep track of which centers were
submitting cases and verify data or compliance
in reporting.

It should be noted that the POCA Registry
continued to collect cases for 12 years, making it
one of the longest running registries in medicine
at the time. Although the study staff suspected
reporting compliance may have declined in the
later years of POCA Registry operation, cases
continued to be submitted until the time data col-
lection was halted. While a substantial number of
community hospitals collaborated and submitted
cases, most participating centers came from aca-
demic groups and specialty children’s hospitals,
resulting in a less healthy study population than
generally represented by pediatric anesthesia
patients in North America.

Since determining the cause of each cardiac
arrest was a difficult endeavor, a large amount of
data was required from each submission to accu-
rately capture causes and ensure quality conclu-
sions. As such, submitting one case could take
several hours of a participant’s time, and this time
usually came from a participant’s spare time, out-
side of work. The POCA Registry did not provide
any funding to participating centers to compen-
sate for time or effort of participation. The sub-
mission process for POCA Registry case reports
relied exclusively on postal mail. Conversion
to electronic data submission was not initiated
for concern that it may have excluded centers
that did not use electronic medical records, thus
leading to biased estimates of epidemiologic
parameters. Even today, a significant number of
anesthetic records are still maintained on paper.
While some centers have automated data capture
and have made a full transition, we are still very
far from being able to streamline this type of
reporting using online methods.

In the future, electronic records will help
streamline electronic reporting of such events, but
we are still several years away from the capability
to include all types of centers in electronic data
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capture registries. Lack of interoperability
between electronic health record systems, even
with the same vendor, is currently a major limita-
tion to pooling of health information. Some multi-
institutional efforts have since started to pool
electronic data. The Multicenter Perioperative
Outcomes Group (MPOG) and the Anesthesia
Quality Institute (AQI) began repositories of
anesthetic cases which can be searched by partici-
pants to examine rare events and outcomes, but
these efforts are still in their infancy and are far
from providing robust, broadly generalizable inci-
dence estimates of the type that POCA provided.

The data collected by the POCA Registry was
important in that it provided answers to long-
standing questions about pediatric anesthesia car-
diac arrest. The findings from the POCA Registry
proved very useful to the field of anesthesia and
resuscitation. Twelve years after its inception, the
POCA Registry stopped collecting data. The
major lesson learned from the POCA Registry is
that the quality and richness of the Registry
results depends upon the use of standard clinical
definitions, careful registry construction, and sys-
tematic database verification, irrespective of
whether a paper or electronic system is used to
capture registry data. As submission rates to the
POCA Registry declined over time, minimization
of physician effort through automated electronic
data capture may lead to more sustained and
improved registries. Linkage of physician pay-
ment to participation in registries (already in use
with  pay-for-performance programs), will
encourage broader physician participation and
has the potential to yield data that is generally
representative of all U.S. patients.

Conclusions

The POCA Registry has had a tremendous
impact on anesthesia care and contributed to
change in use of anesthesia inhalational agents
from almost complete reliance on halothane to
nearly universal non-use of halothane in pedi-
atric anesthesia [14]. Additional major
changes that occurred since the POCA forma-
tion include the flourishing of the health infor-
mation technology sector making the capture
and sharing of information easier, and federal



legal protections put in place for quality
improvement data reporting through the
Patient Safety Organization framework [17].

The POCA Registry provided important
answers to challenging questions that are still
relevant to anesthesiology today. Since it has
ended, other registries have been created to
answer similar questions about rare periopera-
tive events. One such registry is the Society for
Pediatric Anesthesia’s Wake Up Safe program,
a multi-institutional patient safety organization
that records not only perioperative cardiac
arrests, but other significant rare events, and uti-
lizes today’s information technology protected
by federal law from legal discovery [7]. Several
challenges remain this registry that won’t be
addressed until we are able to create a linked
system that is representative of all anesthetic
care provided in the United States. We are still
years, if not decades, away from such systems
becoming a practical reality.

The POCA Registry offers important les-
sons to future investigators to learn from the
POCA Registry experience, and continue to
improve upon registry design while striving to
improve the safety and quality of clinical care.
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Abstract

High quality CPR and post-resuscitation care is associated with improved
survival and functional outcomes following pediatric cardiac arrest. The
evidence suggests that the quality of in-hospital resuscitation often does not
achieve current resuscitation guideline targets and poor quality CPR con-
tributes to poor patient outcomes. The Get With the Guidelines-
Resuscitation (GWTG-R) database is a national evidence-based hospital
quality improvement and patient safety program focused on improving
resuscitation following cardiac arrest. Registry participation is voluntary
with an annual fee that includes data support and report generation. The
primary purpose of GWTG-R is to improve outcomes from in-hospital car-
diac arrests through individual hospital cardiac arrest resuscitation process
and outcome measurement. A secondary purpose is to generate a large,
multi-institutional database of adult and pediatric cardiac arrests that facili-
tates comparison between the international consensus on resuscitation sci-
ence and treatment recommendations with the actual implementation of
guidelines and resultant outcomes. Limitations of the dataset include the

H.A. Wolfe, MD (D<) « R.M. Sutton, MD MSCE
A. Topjian, MD, MSCE » A. Nishisaki, MD, MSCE

D.E. Niles, MS
Department of Anesthesiology

and Critical Care Medicine, The Children’s
Hospital of Philadelphia, Philadelphia, PA USA
e-mail: wolfeh@email.chop.edu;

suttonr @email.chop.edu; topjian @email.chop.edu;
nishisaki @email.chop.edu; niles @email.chop.edu

P.A. Meaney, MD MPH

Department of Anesthesiology and Critical Care
Medicine, The Children’s Hospital of Philadelphia,
University of Pennsylvania, Philadelphia, PA USA
e-mail: meaney @email.chop.edu

PR. Barach, J.P. Jacobs, S.E. Lipshultz, P.C. Laussen (eds.),

R.A. Berg, MD ¢ V.M. Nadkarni, MD, MS
Department of Critical Care Medicine, The
Children’s Hospital of Philadelphia,

3400 Civic Center Boulevard 8th Floor, SNE8566,
Philadelphia, PA 19104, USA

e-mail: bergra@email.chop.edu;

nadkarni @email.chop.edu

Pediatric and Congenital Cardiac Care: Volume 2: Quality Improvement and Patient Safety,
DOI 10.1007/978-1-4471-6566-8_10, © Springer-Verlag London 2015

145


mailto: wolfeh@email.chop.edu
mailto: 
suttonr@email.chop.edu
mailto: 
suttonr@email.chop.edu
mailto: topjian@email.chop.edu
mailto: nishisaki@email.chop.edu
mailto: nishisaki@email.chop.edu
mailto: niles@email.chop.edu
mailto: meaney@email.chop.edu
mailto: bergra@email.chop.edu
mailto: 
nadkarni@email.chop.edu
mailto: 
nadkarni@email.chop.edu

146

H.A. Wolfe et al.

lack of illness severity scores, risk-adjusted classification for congenital
heart surgery scoring, and long-term neurologic, behavioural and func-
tional outcome data. Exciting prospects for the future include linkage with
other existing large databases such as the Extracorporeal Life Support
Organization (ELSO) and Society for Thoracic Surgery (STS) databases.
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Cardiopulmonary resuscitation * Quality

Introduction

In-hospital cardiac arrest is a relatively uncommon
condition among children. The estimates vary
between two to six percent of hospitalized children
in the intensive care units (ICUs) [1-5], and 4-6 %
of cardiac ICU patients after cardiac surgery have
arrested [6—8]. In the administrative Kids’ Inpatient
Database cardiac arrest occurred in 7 per 1,000
hospital admissions for children with cardiovascu-
lar disease, nearly ten-fold higher than that of chil-
dren without cardiovascular disease. The risk for
cardiac arrest was amplified in patients with myo-
carditis (3 % of admissions), heart failure (2 %)
and coronary artery disease (2 %), with the highest
mortality among patients with single ventricle
physiology [9].

The data suggests that the burden of in-
hospital pediatric cardiac arrest is shifting to the
ICU setting, possibly due to the impact of hospi-
tal rapid response teams. Survival to discharge
following in-hospital cardiac arrests has improved
from 9 % in 1987 to almost 40 % over the last
several years, with favorable neurologic outcome
at discharge in more than 75 % of survivors [3, 6,
10-14]. Although children who undergo cardiac
surgery are at greater risk for cardiac arrest, they
also show excellent potential for survival and sur-
vival with favorable neurological outcomes [6—8],
even when prolonged CPR is required. The
American Heart Association’s (AHA) national
registry of cardiopulmonary resuscitation (Get
With The Guidelines-Resuscitation=GWTG-R,
formerly known as NRCPR or the National
Registry of Cardiopulmonary Resuscitation)
database has both served as a quality improvement

tool for benchmarking with local and national
guidelines and as a repository of data for scien-
tific investigation.

Get with the Guidelines-
Resuscitation (GWTG-R) Database

The Get With the Guidelines-Resuscitation
(GWTG-R) database is a multisite, in-hospital
resuscitation registry sponsored by the AHA. The
registry started in 1999 as the National Registry
for Cardiopulmonary Resuscitation (NRCPR) to
collect resuscitation data from hospitals nation-
wide and create evidence based guidelines for
inpatient cardiopulmonary resuscitation (CPR).
The mission was to reduce disability and death
from cardiac and respiratory emergencies by pro-
viding an evidence-based quality improvement
program to support patient safety, medical emer-
gency team response, effective resuscitation and
post-resuscitation care [15]. In 2010 NRCPR was
incorporated into GWTG to provide additional
resources and benefits to members. Membership
is voluntary and fee based (which includes data
support and report generation). The primary pur-
pose of the database is to improve outcomes from
in-hospital CPR through individual hospital car-
diac arrest resuscitation process and outcome
measurement encouraging performance quality
improvement. Process and outcome data are pro-
vided at each institution over time and bench-
marking data are available for comparisons with
national and peer standards.

Trained research coordinators at each partici-
pating institution abstract data from each cardio-



10 Reporting in Pediatric Resuscitation: Get with the Guidelines-Resuscitation Registry 147

pulmonary arrest from hospital medical charts.
Data sheets are completed for cardiopulmonary
arrests, acute respiratory compromise events and
medical emergency team activations. Recently
the important component of post-resuscitation
care has been added. The database contains pre-
cisely defined variables derived from the Utstein-
style data reporting guidelines for cardiac arrest
[16]. Data abstractors complete a certification
examination consisting of multiple-choice ques-
tions and a mock scenario covering operational
definitions and criteria for inclusion and exclu-
sion. Case study methods are used to evaluate
data abstraction, the accuracy of entries, and
compliance with operational definitions before
data are accepted.

The six major categories of variables are facil-
ity data, patient demographics, pre-event data,
event data, outcomes, and quality improvement
data. Explicit operational definitions have been
generated for every data element. Each patient is
assigned a unique code, and specific patient iden-
tifiers are not transmitted to the central database
repository, which is in compliance with the
Health Insurance Portability and Accountability
Act. Patients with multiple events have each
event captured separately. Table 10.1 shows a list
of the updated event specific data points (August,
2013). The data are securely submitted to a cen-
tral data repository (Patient Management Tool,
Outcomes Sciences, Inc, Cambridge, MA). The
AHA oversees the entire process of data collec-
tion, analysis, and reporting through its national
center staff, scientific advisory board, and execu-
tive database steering committee.

Multiple benefits exist for using the database,
including continuous process improvement
opportunities and benchmarking with hospitals
according to size, region, type of hospital (e.g.,
children’s hospital), and type of patient (e.g., sur-
gical cardiac patients, medical cardiac patients,
etc.). National and local awards and recognition
are possible for hospital teams that demonstrate
continued compliance with pre-defined metrics.
The program also offers various professional
education opportunities to improve resuscitation
quality of care including web-based conferences
and monthly newsletters.

Table 10.1 Data points for GWTG-R October 2012

Admission/Discharge Form:
1. System Entry Time
.Age
. Born this Admission
. Gender
Race
. Hispanic Ethnicity
. Weight
. Residence Prior to System Entry

. Admission Adult and Pediatric Cerebral
Performance Category

O ® N AW N

10. Newborn/Neonate Specific Data
(a) Prenatal Care Received
(b) Maternal Conditions
(c) Delivery Details
(i) Fetal Monitoring
(ii) Delivery Mode
(iii) Presentation
(iv) Apgar Scores
(v) Cord pH
(vi) Gestational Age
(d) Special Circumstances Recognized at Birth
11. Discharge Data
(a) Discharge Disposition
(b) Date/Time of Discharge/Death

(c) Do Not Attempt Resuscitation Order During this
Admission (Date/Time)

(d) Life Support Withdrawn
(e) Organs Recovered
(f) Discharge Destination

(g) Adult and Pediatric Cerebral Performance
Category at Discharge

Cardiopulmonary Arrest Form:

1. Date/Time Need for Chest Compression and/or
Defibrillation Recognized

2. Pre-event Data (Optional data element)
(a) Patient Status Prior to Event
(b) Pre-event Vital Signs

3. Pre-Existing Conditions

4. Interventions Already in Place at Time of Event

5. Event data

6. Initial Condition Data

7. Defibrillation Data

8. Types of Ventilation/Airways Used

9. Epinephrine/Vasopressin Bolus Data

10. Other Drug Interventions

11. Non-drug Interventions

12. Event Outcome data

13. Post Return of Circulation Data

(continued)
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Table 10.1 (continued)

(a) Induced Hypothermia (yes/no)

(b) Highest Temperature in First 24 h.
14. CPR Quality

(a) End Title CO2 Data

(b) Arterial Line Data

(c) Quality of Compression Data
15. Resuscitation Related Events and Issues
Acute Respiratory Compromise Event Form:

1. Date/Time Need for Emergency Assisted
Ventilation Recognized

. Pre-Event Data

. Pre-Existing Conditions (Optional data element)
. Interventions Already in Place at Time of Event
. Event data

. Immediate Cause Data

. Ventilation Data

. Other Interventions

O 0N N RN

. Event Outcome data
10. Resuscitation Related Events and Issues
Medical Emergency Team Event Form:
1. Date/Time of Team Activation
2. Pre-Event Data
(a) Patient Status Prior to Event
(b) Pre-Event Vital Signs
3. Event data
(a) Team Arrival and Departure Date/Time
(b) Subject type and Illness Category
(c) Event Location
(d) Vital Signs at the Time of Event
. Team Activation Triggers
. Drug Interventions
. Non Drug Interventions (diagnostic and therapeutic)

~N N LB

. Event Outcome
(a) Reason Event Ended
(b) Transfer Location
8. Review of MET Response
(a) Response Delays
(b) Equipment or Medication Delays
(¢) Communication Issues

Perhaps as important as the data generated
for local quality improvement and benchmark-
ing, is the wealth of published research from the
registry. Participating hospitals are able to apply
to GWTG-R for access to the de-identified
dataset to answer specific research questions.
Strict standards and requirements exist for data
requests from the registry and all requests are
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reviewed by the GWTG- R Committee. Each
project is reviewed for feasibility, validity and
novelty and performed in an expeditious man-
ner; publications are expected to occur within
a year of attaining data. More than 50 pediat-
ric and adult resuscitation science papers have
been generated based on data gathered from the
GWTG-R Registry, and a multitude of studies
are currently in the review process. A list of
all studies published and all current research
requests are available on the American Heart
Association website.

Literature Review

We will briefly review a few important pediatric
and adult GWGT-R investigations. Notably,
recent GWTG-R publications have established
that outcomes of in-hospital cardiac arrest have
improved over the last decade in GWTG-R hos-
pitals; patients with prolonged CPR can survive
with favorable neurological outcomes; and resus-
citation process failures are associated with
worse outcomes. In addition, a GWTG-R study
has raised questions about the optimal pediatric
defibrillation dose.

Girotra et al. established that outcomes fol-
lowing in-hospital pediatric cardiac arrest have
improved in GWTG-R hospitals from 2000 to
2009. The rate of survival to discharge increased
(risk adjusted rates: 14.3 % in 2000 to 43.4 % in
2009; adjusted Risk Ratio per year 1.08; 95 % CI
1.01-1.16; p for trend=0.02). The improved out-
come was primarily driven by an increase in the
rate of return of spontaneous circulation from
42.9 % in 2000 to 81.2 % in 2009. In a similar
adult study Girotra showed that despite an
increase in cardiac arrests due to PEA or asys-
tole, the risk-adjusted rates of survival to dis-
charge after adult in-hospital cardiac arrest
increased 13.7-22.3 % from 2000 to 2009 [17].

One of the biggest decisions clinicians face
when initiating CPR is when to stop resuscitative
efforts. Limited evidence is available to guide
these difficult decisions. In contrast to widely
held beliefs that pediatric resuscitation is futile
after 30 min [14], Matos et al. established that
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12 % of children survived to hospital discharge
after >35 min of CPR in a GWTG-R study of
3,400 pediatric in-hospital cardiac arrests over a
10-year period [4]. Importantly, 60 % of these
survivors of prolonged CPR had favorable neuro-
logical outcomes. As in previous published data
from the GWTG-R, pediatric surgical cardiac
patients had superior survival rates when com-
pared to all other categories [6]. Goldberger et al.
found similar trend in survival from prolonged
cardiac arrest duration in adults. In another
GWTG-R study of 64,339 adult cardiac arrest
patients at 435 US hospitals, Goldberger et al.
also demonstrated that prolonged CPR can result
in successful resuscitation among adults: 12 % of
all adults who attained ROSC did so after >30 min
of CPR, nearly 10 % of adults with CPR >25 min
survived to hospital discharge and 78 % of these
patients who survived after >30 min of CPR had
favorable neurological outcomes [18]. Of course,
both the pediatric study and adult study showed
that survival rates were lower after prolonged
CPR compared with shorter duration CPR. These
GWTG-R studies have been instrumental in
increasing our understanding regarding the rela-
tionship of CPR duration to outcome.

CPR duration was overall inversely associated
with survival to discharge with favorable neuro-
logic outcomes [4]. This multi-center study cap-
tured over 3,400 pediatric in hospital arrests over a
10-year period, and data collected allowed for
stratification of patients by illness category. This
study reinforced the previously published data
from the GWTG-R by Ortmann et al. that, surgical
cardiac patients had improved survival outcomes
when compared to all other categories [18].

The GWTG-R data has been evaluated to
address best practices during CPR as well as
quality and patient safety measures that corre-
late with outcomes. Meaney et al. analyzed the
first defibrillation events during pediatric car-
diac arrest in order to identify appropriate
pediatric defibrillation dosage. Among 285 ven-
tricular fibrillation or pulseless ventricular
tachycardia (VF/pVT) events in 266 children,
defibrillation attempts with 2 J/kg (J/kg) suc-
cessfully terminated VF/pVT in only 56 % com-
pared with 91 % in previous data from a much
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smaller series (57 defibrillation attempts). Dis-
appointingly, 4 J/kg was not superior to 2 J/kg in
terms of rates of successful defibrillation or
rates of survival [19]. The optimal defibrillation
dosage in pediatrics still remains unknown.

In another GWTG-R registry, Phelan et al.
showed that tracheal intubation during CPR was
documented as confirmed by capnography or an
esophageal detector device in only 56.8 % of
patients. Importantly, confirmation by capnogra-
phy or esophageal detector device was signifi-
cantly associated with both increased likelihood of
ROSC (adjusted OR 1.229 [1.179,1.282]) and sur-
vival to hospital discharge (adjusted OR 1.093
[1.033,1.157]) [20]. In addition, Ornato and col-
leagues demonstrated that documented resuscita-
tion process errors (i.e., delay in medication
administration, defibrillation, airway management
and chest compression performance) were also
associated with decreased survival from in-
hospital cardiac arrest. [21] We have briefly
reviewed several relevant publications from the
Get With the Guidelines-Resuscitation database to
highlight the type of data and uses of the registry.

Limitations of Dataset

Several limitations exist for the Get With The
Guidelines-Resuscitation dataset. The database
does not include information regarding severity
of illness. Risk adjustment is limited to age, pre-
arrest characteristics and interventions in place at
time of arrest, and broad disease illness catego-
ries. There is no delineation of cardiac anatomy
or type and stage of congenital heart disease
repair within the database, nor are risk-adjusted
classification for Congenital Heart Surgery (e.g.,
RACHS-1) determined [22]. While there is spe-
cific event and patient level data, there is limited
institutional specific data.

The data are self-reported and not indepen-
dently checked. Variability in coding can be
another source of bias as resuscitation record
documentation can be suboptimal and ambigu-
ous. The two potential biases are addressed by
explicit training for data coordinators and
abstractors using robust Utstein-style reporting
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guidelines. Another limitation is the dataset lacks
quantitative measures of CPR quality, such as
depth or rate of chest compression, however indi-
rect measures such as end tidal CO2, arterial
blood pressure data despite clear evidence in both
animal and human studies that the quality of CPR
relates to both short and long term outcomes [23—
25]. Many of these limitations are not unique to
the GWTG-R database and are inherent to large
national surveillance databases.

Future Goals of Get
with the Guidelines - Resuscitation
Database

The future is exciting for resuscitation sci-
ence. Limitations of the GWTG-R database
are being addressed by attempted linkage with
the Extracorporeal Life Support Organization
(ELSO) and Society for Thoracic Surgery (STS)
databases. Additional links to large administra-
tive database such as Pediatric Health Information
System (PHIS) and Kids’ Inpatient Database
(KIDS), and quality improvement databases such
as the Virtual PICU Systems (VPS) will enhance
the detail, richness and scope of analyses.

In addition, linkage of training (mock code
performance and outcomes) using simulated car-
diac arrest scenarios with real cardiac arrest CPR
quality performance and outcomes is under
development (e.g., a mock-GWTG-R registry to
complement the real GWTG-R registry). Using
highly standardized simulated cases, this mock
registry could provide abundant data on quality
of resuscitation and may further clarify current
gaps [26].

Conclusions

Pediatric in-hospital cardiac arrest is rare but
still poses major morbidity and mortality risk for
patients. Furthermore, it is more common among
patients with congenital heart disease compared
to hospitalized patients without cardiac disease
[9]. The Get With the Guidelines- Resuscitation
database is a multisite, in-hospital resuscitation
database that was developed to assess process
of resuscitation care and outcomes to improve
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survival from in-hospital cardiac arrest. This
registry links the international and national
guidelines with actual implementation of pro-
cess of care and the resultant impact on bench-
marked patient outcomes. Exciting prospects
for the future include linkage with other exist-
ing large administrative and quality improve-
ment databases such as the Extracorporeal Life
Support Organization (ELSO) and Society for
Thoracic Surgery (STS) databases, and the
development of a mock-GWTG-R registry to
characterize and improve the linkage of resus-
citation guideline training and implementation
with improved patient safety, survival and neu-
rological outcomes.

References

1. Suominen P, Olkkola KT, Voipio V, Korpela R, Palo
R, Risdnen J. Utstein style reporting of in-hospital
paediatric cardiopulmonary resuscitation.
Resuscitation. 2000;45(1):17-25.

2. de Mos N, van Litsenburg RRL, McCrindle B, Bohn
DJ, Parshuram CS. Pediatric in-intensive-care-unit
cardiac arrest: incidence, survival, and predictive fac-
tors*, Crit Care Med. 2006;34(4):1209-15.
doi:10.1097/01.CCM.0000208440.66756.C2.

3. Nadkarni VM, Larkin GL, Peberdy MA, Carey SM,
Kaye W, Mancini ME, et al. First documented rhythm
and clinical outcome from in-hospital cardiac arrest
among children and adults. JAMA. 2006;295(1):50-7.

4. Matos RI, Watson RS, Nadkarni VM, Huang H-H,
Berg RA, Meaney PA, Carroll CL, Berens RIJ,
Praestgaard A, Weissfeld L, Spinella PC, American
Heart Association’s Get With The Guidelines—
Resuscitation (Formerly the National Registry of
Cardiopulmonary Resuscitation) Investigators. Duration
of cardiopulmonary resuscitation and illness category
impact survival and neurologic outcomes for in-hospital
pediatric cardiac arrests. Circulation. 2013;127(4):442—
51.doi:10.1161/CIRCULATIONAHA.112.125625.

5. Slonim AD, Patel KM, Ruttimann UE, Pollack
MM. Cardiopulmonary resuscitation in pediatric inten-
sive care units. Crit Care Med. 1997;25(12):1951-5.

6. Ortmann L, Prodhan P, Gossett J, Schexnayder S,
Berg R, Nadkarni V, Bhutta A, for the American Heart
Association’s Get With the Guidelines-Resuscitation
(formerly National Registry of Cardiopulmonary
Resuscitation) Investigators, The American Heart
Association GWTG-R Investigators. Outcomes after
in-hospital cardiac arrest in children with cardiac dis-
ease: a report from Get With the Guidelines-
Resuscitation. Circulation. 2011;124(21):2329-37.
doi: 10.1161/CIRCULATIONAHA.110.013466.


http://dx.doi.org/10.1097/01.CCM.0000208440.66756.C2
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.125625
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.013466

10.

11.

12.

14.

15.

16.

Reporting in Pediatric Resuscitation: Get with the Guidelines-Resuscitation Registry

. Parra DA, Totapally BR, Zahn E, Jacobs J, Aldousany
A, Burke RP, et al. Outcome of cardiopulmonary
resuscitation in a pediatric cardiac intensive care unit.
Crit Care Med. 2000;28(9):3296-300.

. Rhodes JF, Blaufox AD, Seiden HS, Asnes JD, Gross
RP, Rhodes JP, Griepp RB, Rossi AF. Cardiac arrest
ins infants after congenital heart surgery. Circulation.
1999;100(Supplement  2):11-194-9. doi:10.1161/01.
CIR.100.suppl_2.11-194.

. Lowry AW, Knudson JD, Cabrera AG, Graves DE,

Morales DLS, Rossano JW. Cardiopulmonary resuscita-

tion in hospitalized children with cardiovascular disease:

estimated prevalence and outcomes from the kids’ inpa-
tient database. Pediatr Crit Care Med. 2013;14(3):248—

55. doi:10.1097/PCC.0b013e3182713329.

Reis AG, Nadkarni V, Perondi MB, Grisi S, Berg RA.

A prospective investigation into the epidemiology of

in-hospital pediatric cardiopulmonary resuscitation

using the international Utstein reporting style.

Pediatrics. 2002;109(2):200-9.

Tibballs J, Kinney S. A prospective study of outcome of

in-patient paediatric cardiopulmonary arrest. Resus-

citation. 2006;71(3):310-8. doi:10.1016/j.resuscitation.

2006.05.009.

Girotra S, Spertus JA, Li Y, Berg RA, Nadkarni VM,

Chan PS, American Heart Association Get With the

Guidelines—Resuscitation  Investigators. ~ Survival

trends in pediatric in-hospital cardiac arrests: an anal-

ysis from Get With the Guidelines-Resuscitation. Circ

Cardiovasc Qual Outcomes. 2013;6(1):42-9. doi:10.1161/

CIRCOUTCOMES.112.967968.

. Samson RA, Nadkarni VM, Meaney PA, Carey SM, Berg

MD, Berg RA, American Heart Association National

Registry of CPR Investigators. Outcomes of in-hospital

ventricular fibrillation in children. N Engl J Med.

2006;354(22):2328-39. doi:10.1056/NEJM0a052917.

Zaritsky A, Nadkarni V, Getson P, Kuehl K. CPR in

children. Ann Emerg Med. 1987;16(10):1107-11.

Hunt EA, Mancini ME, Smyth M, Truitt TL. Using the

American Heart Association’s National Registry of

Cardiopulmonary Resuscitation for performance improve-

ment. Jt Comm J Qual Patient Saf. 2009;35(1):13-20.

Available at: http://www.ingentaconnect.com/content/

jcaho/jcjqs/2009/00000035/00000001/art00003.

Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert

L, Cassan P, Coovadia A, D’Este K, Finn J, Halperin H,

Handley A, Herlitz J, Hickey R, Idris A, Kloeck W,

Larkin GL, Mancini ME, Mason P, Mears G, Monsieurs

K, Montgomery W, Morley P, Nichol G, Nolan J, Okada

K, Perlman J, Shuster M, Steen PA, Sterz F, Tibballs J,

Timerman S, Truitt T, Zideman D, International Liaison

Committee on Resuscitation, American Heart

Association, European Resuscitation Council, Australian

Resuscitation Council, New Zealand Resuscitation

Council, Heart and Stroke Foundation of Canada,

InterAmerican Heart Foundation, Resuscitation Councils

of Southern Africa, ILCOR Task Force on Cardiac Arrest

and Cardiopulmonary Resuscitation Outcomes. Cardiac
arrest and cardiopulmonary resuscitation outcome

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

151

reports: update and simplification of the Utstein templates
for resuscitation registries: a statement for healthcare pro-
fessionals from a task force of the International Liaison
Committee on Resuscitation (American Heart
Association, European Resuscitation Council, Australian
Resuscitation Council, New Zealand Resuscitation
Council, Heart and Stroke Foundation of Canada,
InterAmerican Heart Foundation, Resuscitation Councils
of Southern Africa). Circulation. 2004;110(21):3385-97.
doi:10.1161/01.CIR.0000147236.85306.15.

Girotra S, Nallamothu BK, Spertus JA, LiY, Krumholz
HM, Chan PS. Trends in survival after in-hospital car-
diac arrest. N Engl J Med. 2012;367(20):1912-20.
doi:10.1056/NEJMoal109148.

Goldberger ZD, Chan PS, Berg RA, Kronick SL,
Cooke CR, Lu M, et al. Duration of resuscitation
efforts and survival after in-hospital cardiac arrest: an
observational study. Lancet. 2012;380(9852):1473-81.
Meaney PA, Nadkarni VM, Atkins DL, Berg MD,
Samson RA, Hazinski MF, Berg RA, for the American
Heart Association National Registry of Cardiopulmo-
nary Resuscitation Investigators. Effect of defibrillation
energy dose during in-hospital pediatric cardiac arrest.
Pediatrics. 2011;127(1):e16-23. doi: 10.1542/peds.
2010-1617.

Phelan MP, Ornato JP, Peberdy MA, Hustey FM,
Investigatorsc FTAHAGWTG-R. Appropriate docu-
mentation of confirmation of endotracheal tube posi-
tion and relationship to patient outcome from
in-hospital cardiac arrest. Resuscitation. 2013;84(1):31-
6. doi: 10.1016/j.resuscitation.2012.08.329.

Ornato JP, Peberdy MA, Reid RD, Feeser VR,
Dhindsa HS, Investigatorsc FTN. Impact of resuscita-
tion system errors on survival from in-hospital cardiac
arrest. Resuscitation. 2012;83(1):63-9. doi:10.1016/j.
resuscitation.2011.09.009.

Jenkins KJ, Gauvreau K, Newburger JW, Spray TL,
Moller JH, Iezzoni LI. Consensus-based method for
risk adjustment for surgery for congenital heart dis-
ease. J Thorac Cardiovasc Surg. 2002;123(1):110-8.
doi:10.1067/mtc.2002.119064.

Abella BS, Alvarado JP, Myklebust H, Edelson DP,
Barry A, O’Hearn N, et al. Quality of cardiopulmo-
nary resuscitation during in-hospital cardiac arrest.
JAMA. 2005;293(3):305-10.

Wik L, Kramer-Johansen J, Myklebust H, Sgrebg H,
Svensson L, Fellows B, et al. Quality of cardiopulmo-
nary resuscitation during out-of-hospital cardiac
arrest. JAMA. 2005;293(3):299-304.

Edelson DP, Litzinger B, Arora V, Walsh D, Kim S,
Lauderdale DS, et al. Improving in-hospital cardiac
arrest process and outcomes with performance
debriefing. Arch Intern Med. 2008;168(10):1063-9.
Griswold S, Ponnuru S, Nishisaki A, Szyld D,
Davenport M, Deutsch ES, et al. The emerging role of
simulation education to achieve patient safety: trans-
lating deliberate practice and debriefing to save lives.
Pediatr Clin North Am. 2012;59(6):1329-40.
doi:10.1016/§.pcl.2012.09.004.


http://dx.doi.org/10.1161/01.CIR.100.suppl_2.II-194
http://dx.doi.org/10.1161/01.CIR.100.suppl_2.II-194
http://dx.doi.org/10.1097/PCC.0b013e3182713329
http://dx.doi.org/10.1016/j.resuscitation.2006.05.009
http://dx.doi.org/10.1016/j.resuscitation.2006.05.009
http://dx.doi.org/10.1161/CIRCOUTCOMES.112.967968
http://dx.doi.org/10.1161/CIRCOUTCOMES.112.967968
http://dx.doi.org/10.1056/NEJMoa052917
http://www.ingentaconnect.com/content/jcaho/jcjqs/2009/00000035/00000001/art00003
http://www.ingentaconnect.com/content/jcaho/jcjqs/2009/00000035/00000001/art00003
http://dx.doi.org/10.1161/01.CIR.0000147236.85306.15
http://dx.doi.org/10.1056/NEJMoa1109148
http://dx.doi.org/10.1542/peds.2010-1617
http://dx.doi.org/10.1542/peds.2010-1617
http://dx.doi.org/10.1016/j.resuscitation.2012.08.329
http://dx.doi.org/10.1016/j.resuscitation.2011.09.009
http://dx.doi.org/10.1016/j.resuscitation.2011.09.009
http://dx.doi.org/10.1067/mtc.2002.119064
http://dx.doi.org/10.1016/j.pcl.2012.09.004

Jeffrey B. Anderson and Robert H. Beekman lI

J.B. Anderson, MD, MPH ()
R.H. Beekman III, MD

Abstract

Adequate nutrition is required for infants and children to grow and develop
normally. Children with congenital heart disease commonly experience
growth failure early in life with major potential consequences. This is
especially true for those children who require surgery during the first sev-
eral weeks of life. The etiology of this growth failure poorly understood
but often results in both short and long term adverse outcomes. Careful
attention to growth monitoring and appropriate intervention when needed
can alleviate some growth problems in children with congenital heart dis-
ease. This can be accomplished by standardization of monitoring and
nutrition practices. Feeding infants with congenital heart disease also
poses some risks including a higher risk of necrotizing enterocolitis and
risks associated with enteral feeding via nasogastric tube. While there has
been considerable improvement in our understanding of feeding problems
in congenital heart disease, there is much work to be done to help under-
stand and alleviate this problem.
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Introduction

Normal growth and development for infants and
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affects somatic and neurodevelopmental growth
as well. Nutrients required for normal growth
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periods of rapid growth and development, infants
and children require increased supplies of these
nutrients, compared to adults. It is essential for
central nervous system development during criti-
cal periods of neural growth

Malnutrition is defined as inadequate intake of
essential nutrients and calories leading to growth
failure. Growth failure is a term that describes an
infant or child who has indexed weight-for-age or
weight-for-length that is less than the Sth-centile
or has crossed two major centile lines on a stan-
dardized growth curve [1]. Failure-to-thrive is a
clinical term that describes an infant or child who
is failing to meet growth goals over a period of
time. The National Research Council has defined
minimum energy needs for healthy infants and
children [1]. A healthy infant requires from 108 to
117 kilocalories (kcal) per kilogram (kg) of body
weight per day. This caloric intake is sufficient to
allow for homeostasis but also provides the energy
for rapid muscle and neural growth during the first
several months of life [2]. As children get older
the caloric intake needed to meet their energy
needs drops (indexed to body weight) [1].

Adequate monitoring of growth is essential to
ensure that nutritional needs are met as infants
and children grow and develop. Monitoring is
especially critical in infants and children with
chronic medical problems that put them at risk
for growth failure and in cases where growth
problems need to be addressed with nutritional
interventions. Anthropometric measurements,
including weight, length or height, and weight-
for-length/height, are the most important tools to
follow growth in infants and children. These
measurements, and their changes over time,
should be age indexed using National Center for
Health Statistics growth curves [3]. These mea-
surements should be made at each clinical
encounter, using the same equipment if possible.
Other anthropometric measurements such as
upper arm and lower leg length, skinfold thick-
ness and body composition can also be followed
in cases of concern for growth faltering.

Other tools can also be used to assess for
nutritional and growth adequacy. A three-day
dietary journal can provide much needed infor-
mation about actual nutritional intake. Laboratory
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measurements of nutritional status can be used as
an adjunct to anthropometric measures of growth
and nutrition. These tests are typically not helpful
in understanding the etiology of growth prob-
lems, but rather help understand the severity of
the problem. Laboratory measurements can
include albumin, which indicates nutrient intake
during the past several weeks, and pre-albumin,
which reflects nutrient intake during the past sev-
eral days. Finally, measurement of energy expen-
diture can be performed to assess caloric needs.
The World Health Organization provides com-
parative data for resting energy expenditure based
on age, gender and weight [4].

Growth in Congenital Heart Disease

Growth failure is well recognized and common in
infants with congenital heart disease (CHD) [5-7].
While anthropometric measurements are often
normal at birth, even in infants with the most
complex forms of congenital heart disease,
because fetal growth and development is typi-
cally not affected. However, growth problems
often become evident in the first several weeks
and months of life and can subsequently persist
through childhood in some cases [8—10]. Infants
and children with congenital heart disease require
higher caloric intake than their healthy counter-
parts, often in excess of 120 kcal/kg per day
as infants, and some can require more than 160
kcal/kg per day for catch-up growth [2, 11].
Children with congenital heart disease face
many challenges that impair their ability to
achieve adequate growth, both peri-operatively
and longer term [12-14]. The etiologies for these
challenges include frequent interruption of feeds
around diagnostic and therapeutic procedures
(adequate nutrition can be interrupted for weeks
in the peri-operative period), prolonged hospital
stays, post-operative fluid restrictions, gastro-
esophageal reflux, and oral feeding aversion [2,
15, 16]. Physiologic problems may also adversely
affect nutritional intake. Gastrointestinal mal-
absorption may occur in patients with high fill-
ing pressure or in conjunction with low cardiac
output and impaired systemic perfusion [15].
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A hypermetabolic state, which may be due to
congestive heart failure and manifested by tachy-
cardia, diaphoresis or tachypnea, has also been
reported as a cause for growth failure in this pop-
ulation [15, 17].

Poor nutrition and growth can lead to both
short and long-term adverse consequences for
infants and children with congenital heart dis-
ease. Many forms of congenital heart disease
require surgical repair or a series of palliative
surgical procedures. Not only do these proce-
dures and their associated hospitalizations affect
concurrent nutrition and growth, but impor-
tantly it is becoming apparent that short term
surgical outcomes can be adversely affected by
a worse nutritional status at the time of surgery
[8—10]. Nutrition and growth problems have an
adverse effect on perioperative outcomes. Poor
nutrition in adults, as defined by low fat-free
mass, low body mass index, or low serum albu-
min or pre-albumin levels has been associated
with longer hospital stays and increased rate of
readmission following discharge [18, 19].
Increased rates of mortality and post-surgical
infection have been described in children with
diverse types of congenital heart disease with
poor nutritional status at the time of surgery [20,
21]. Infants and children with single ventricle
heart disease and growth problems also have
longer post-operative hospital lengths of stay
and increased infection risks following pallia-
tive surgical procedures [8, 10].

Children with growth failure early in life may
also experience poor long-term neurodevelop-
mental outcomes, which have been widely
reported among children with complex congeni-
tal heart disease [22—-24]. These deficits include
impairment in intelligence [25], language devel-
opment [26], visual construction and perception
[27], gross and fine motor skills [28], and behav-
ioral adjustment [29]. Early growth failure in
infancy is associated with later deficits in intelli-
gence [30], fine and gross motor skills [31], and
behavior adjustment [32]. This connection
between early growth failure and later neurode-
velopmental deficits in children with congenital
heart disease is strongly suspected, but causality
has not yet been established.
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Nutritional Management
in Congenital Heart Disease

Growth Monitoring

Close monitoring for feeding and growth prob-
lems is essential for early identification of growth
faltering in infants and children with congenital
heart disease. In patients with the most complex
congenital heart disease there is considerable
variation in practices surrounding nutrition and
growth of patients among centers caring for these
infants. This has been most clearly demonstrated
by the work of the National Pediatric Cardiology
Quality Improvement Collaborative (NPC-QIC)
that followed infants with a single ventricle who
had undergone stage 1 palliation through their
first interstage period [33]. Figure 11.1 demon-
strates the variation in growth of interstage
patients among several centers involved in the
NPC-QIC [34]. The etiology of growth variation
among centers was in part due to variation in
nutrition and monitoring methods at these surgi-
cal sites. The most significant factors associated
with better patient growth among centers were
related to closer monitoring of growth failure
during the months comprising the interstage and
involvement of a Registered Dietician in the out-
patient team caring for these infants.

All infants and children with congenital heart
disease who are at risk for growth failure require
close monitoring of anthropometric measure-
ments during periods of increased risk for growth
failure. Early detection of growth failure is essen-
tial to assure that appropriate nutritional inter-
ventions are accomplished with sufficient time
to improve growth before subsequent surgical
procedures are undertaken. It is recommended
that weight, length/height, head circumference
as well as weight-for-age, length-for-age, head
circumference-for-age and weight-for-length
be obtained at each clinic visit in infants with
complex heart disease. These measurements
will help determine when a nutritional change or
intervention needs to be made. Involvement of a
Registered Dietician in the care of at-risk infants
and children allows for appropriate monitoring
and consultation when interventions are needed.
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Fig.11.1 Growth variation
in infants with single
ventricle. Variation in
weight for age z-score
changes, by surgical site
caring for the patient,
measured from stage 1 -
discharge to presentation for
stage 2 palliation (Reprinted
from Anderson et al. [34],
copyright 2012, with
permission from Elsevier)
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Standardization of Feeding Practices

Standardization of feeding practices can improve
growth and long term outcomes. The NPC-QIC
has published recommended feeding algorithms
for infants with a single ventricle, with the intent
to help centers standardize their nutritional
approach to these challenging patients (Figs. 11.2,
11.3,11.4, and 11.5). Using standardized feeding
algorithms have been shown to increase nutrient
delivery, decrease length of stay, and minimize
morbidities [12, 35-37]. In addition to improving
nutritional intake, feeding protocols both before
and after cardiac surgery have been shown to
reduce the incidence of necrotizing enterocolitis
(NEC), minimize interruptions in feeding,
improve oral intake, decrease cost and hospital
length of stay as well as improve overall out-
comes [38, 39]. The use of an interdisciplinary
team also has been shown to improve oral intake
and overall nutritional management in high-risk
neonates and infants [40]. The use of a standard-
ized approach has been successful in infants with
hypoplastic left heart syndrome following stage 1
palliation. Braudis et al. demonstrated signifi-
cantly reduced post-operatively times to reach
the recommended daily allowance of calories
from 13 days to 9 days in this group of patients
[36]. Suboptimal growth in cardiac patients is

E F GH I J K
(7) (10) (4 (10) (19) (12) (6) (5) (15) (4

L M N O P
@ @

multifactorial leading to a complex process of
feeding and dysfunctional feeding postopera-
tively. Implementation of care bundles driven by
multidisciplinary teams is a strategy that can
address not only the medical and physical needs
of the infant but also the behavioral and environ-
mental factors that may affect nutrition and
growth [38].

Preoperative Feeding

In infants undergoing surgical repair or palliation
of congenital heart disease there are practices
that can be instituted that may help the patients
meet nutritional needs and goals. During the pre-
operative period feeding is helpful to promote
normal development of feeding patterns in neo-
nates, prevent translocation of bacteria and to
promote immunologic and gut mucosal health.
Current evidence suggests that enteral feeding
can be attempted with close monitoring and vigi-
lance in patients with hemodynamic stability. In
most cases, sick neonates will need supplemental
parenteral nutrition to provide adequate nutrition.
Postoperatively there should be a goal for early
introduction of enteral feeding. Intermittent oral
and nasogastric feeding preoperatively has been
successful and safe in many studies of infants
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with congenital heart disease although it has been
shown that continuous feeding requires more
time to reach the caloric goals [41, 42]. Initiation
of enteral nutrition should be started at 20-25
ml/kg/day. Human or Donor milk is the pre-
ferred fluid but if not available a standard infant
formulais an acceptable alternative. Advancement
of feeds should be increased by 20 mL/kg/day to
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a goal of 120-150 ml/kg/day. Feeding intoler-
ance is an important clinical sign that can suggest
poor systemic perfusion in conjunction with poor
cardiac output. If an infant cannot feed preopera-
tively or for a prolonged period of time
post-operatively, non-nutritive measures should
be provided to continue to develop oral motor
skills.

Goal: provision of safe enteral nutrition with adequate systemic perfusion may demonstrate
possible benefits of oral motor skill development, prevention of bacterial translocation,

Immunologic and gut mucosal health.

Dietician Evaluation

Deliver TPN + IV Lipids pre-operatively
On all patients awaiting stage 1 repair at
full support (see Figure 3)

Assess ability to feed orally via bedside evaluation

|

Gl Contraindications:
¢ Gl anatomic abnormality
¢ Maxillofacial abnormality
¢ Increasing abdominal
girth
Guaiac positive stool
Excessive vomiting
Diarrhea
Signs/symptoms of NEC

Are there
contraindications to

enteral or oral feeding

pre-op?

No

Cardiac Contraindications*:
¢ Increased AVO2 difference
e Low MVO2
¢ High inotropic support
Tachypnea
Tachycardia
Capillary refill > 3 seconds
Elevated serum lactate

*The risk of impaired systemic
perfusion outweighs any potential
benefit of achieving full enteral
nutrition preoperatively.

Initiate oral feeds:
¢ Human milk
e Donor milk
e Standard infant formula

Nasogastric Feeds:
Safe use has been
demonstrated by

!

some centers, at
1-2ml/kg/hr, though

Continously evaluate for evidence of
impaired systemic perfusion* and
feeding intolerance

it remains controversial

Fig.11.2 Pre-operative enteral feeding protocol
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Goal: All infants that will not receive full EN in </=3-5 days post-operatively should receive PN
to achieve electrolyte balance and full nutrition support as soon as fluid regulation allows for

cost effective adequate nutrition.

Initiate TPN

Fluids:
Start @ 100mL/kg total fluids or volume
allowed by fluid restriction

Dextrose:
Start with a Glucose Infusion Rate (GIR) of
6-9 mg/kg/min or 10-12.5% Dextrose

Amino Acids:

Start with 1.5-3 gm/kg/day and increase
daily by 1 gm/kg to a goal of 3-4 gm/kg/
day. Restrict protein if needed for renal
dysfunction

Lipids:

Start with 1-2 gm/kg/day and advance by
0.5-1 gm/kg/day to a goal of 3 gm/kg/day

Micronutrients/Trace Elements:

Sodium 2-5 mEq/kg/day
Potassium 2-4 mEq/kg/day
Calcium 0.5-4 mEq/kg/day
Phosphorus 0.5-2 mMol/kg/day
Magnesium 0.3-0.5 mEq/kg/day
Zinc 50-250 mcg/kg/d

Copper 20 mcg/kg

Manganese 1 mcg/kg/day
Selenium 2 mcg/kg

Chromium

Additional considerations:

Increase Zinc to 250-400 mcg/kg/day
Levocarnitine: 8-10 mg/kg/day
Cysteine (essential amino acid) is
sometimes added to PN to help
decrease the pH of the solution which
increases the solubility of calcium and
phosphorus. Recommend 40 mg/gm of
amino acid.

Albumin/PreAlbumin are commonly
monitored, though they are not
relevant to nutritional status in the
critically ill population

Advance TPN to goal
Goal Calories:

* 90-100 kcal/kg/day (may be
decreased if paralyzed)

Fluids:

* Maintain 100-120 mL/kg or

Central Access liberalize per team

is most desirable| Dextrose: _
* Increase GIR daily by 1-2 mg/kg/

—_— > min to a goal of 12-14 mg/kg/min

Amino Acids:

* Increase daily by 1-1.5 gm/kg to a
goal of 3-4 gm/kg/day. Restrict
protein if needed for renal
dysfunction

Lipids:

* Goal of 3 gm/kg/day

Criteria for Cautious use of PN:

Hyperglycemia Glucose >300 mg/dL
Azotemia BUN >100 mg/dL
Hyperosmolality Serum >350 mOsm/kg
Hypernatremia Na >150 mEqg/L
Hypokalemia K <3 mEqg/L
Hyperchloremic Cl >115 mEqg/L
Hypochloremic Cl <85 mEqg/L
Hypophosphatemia Phos <2 mg/dL
Acidosis/ alkalosis

Monitoring TPN

Daily:

* Na, K, Chloride, CO2, BUN, Creatinine,
Glucose

* Calcium

* Magnesium

* Phosphorus

1-2 x Weekly:

* Triglycerides, bile acids, Bilirubin, Alk
phos, ALT/AST, GGT

Fig.11.3 Post operative Total Parental Nutrition Protocol (TPN)

Potential Post-operative Feeding

and Nutrition Difficulties

involving aortic arch reconstruction, particu-
larly after the Norwood operation in infants
with hypoplastic left heart syndrome and due

Vocal cord injury is a common post-operative to prolonged intubation [43, 44]. Infants with
complication following congenital heart repairs  vocal cord injury often have difficulty feeding
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Yes /

RD Evaluation

Are there
contraindications to
enteral or oral
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\ Yes

Gl Contraindications:

Gl anatomic abnormality
Maxillofacial abnormality
Increasing abdominal girth
Guaiac positive stool
Residuals

Excessive vomiting
Diarrhea

Signs/symptoms of NEC

e Low MVO2

e Tachypnea
¢ Tachycardia

No

feeding post-op?
Cardiac Contraindications:
¢ Increased AVO?2 difference

¢ High inotropic support

¢ Capillary refill > 3 seconds
e Elevated serum lactate

Continue TPN + IL at goal
(see figure 3)

Start continuous enteral feeds at 1 ml/kg/hr (25 mi/kg/day)

Feeding Intolerance? — | * Recommend Expressed Breast Milk
Consider: o
* Hold feeds for start, then change to formula

1-4 hours  Dietician evaluation

* Change caloric density

Other options: Regular 20 kcal/oz formula or Pedialyte to

Continuously

¢ Change rate evaluate for signs of

¢ Change method impaired systemic

o Pedialyte trial ¢ Increase feeds by 1 mi/kg/hr every 4—6 hours to goal of perfusion i.e.

¢ Maximize anti-reflux 4 ml/kg/hr (100 mli/kg/day) Low cardiac output,
regimen: Zantac, PPI ¢ Decrease TPN volume accordingly once tolerating CHF & feeding

* Change formula 40 ml/kg/day breast milk or formula intolerance

¢ Gastric motility agent —=< ¢ Monitor for feeding intolerance and blood glucose —

* Trial NJ feeding

120-150 kcal/kg/day

60 minutes

¢ Consider fortifying to 24 kcal/oz EBM/formula
* Continue increasing volume and caloric density to goal of

¢ Consider transition to bolus feeds
e Turn off CNG x 2 hours, then give 3 hours volume over

L_ | * Decrease bolus time

* Continue bolus feed severy 3 h

¢ Goal bolus time is 30 minutes

Fig.11.4 Post operative Enteral Feeding (EN)

and require speech therapy during its resolu-
tion [12]. Because of this common finding it is
recommended that thorough speech and feed-
ing evaluations be performed following infant
aortic arch reconstruction surgery. This high-
lights the importance of multidisciplinary
teams in the care of these complex infants.
Speech and language pathologists offer critical

assessment skills in the area of feeding and
swallowing  dysfunction  diagnosis and
management.

Chylous effusion can be a serious complica-
tion following cardiovascular surgery and can
significantly impair efforts at feeding in the post-
operative period. The incidence of chylous effu-
sion is reported to be from 0.05 to 9 % of infants
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Begin to attempt
oral feeds?
Consider bedside
feeding evaluation
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Oral trials prior to NG feeds1-2 times per day as tolerated
* Assess suck and swallow, respiratory status, oxygen
saturation, NIRS

Tolerating
Gl Contraindications: Cardiac Contraindications: oral
* Gl anatomic abnormality ¢ Increased AVO?2 difference attempts?
* Maxillofacial abnormality ¢ Low MVO2
* Increasing abdominal girth ¢ High inotropic support
* Guaiac + stool ¢ Tachypnea
¢ Residuals ¢ Tachycardia Yes
e Excessive vomiting * Capillary refill > 3 seconds
¢ Diarrhea ¢ Elevated serum lactate
¢ Signs/symptoms of NEC

No

A4

\ 4

* Continue to offer PO feed prior to every bolus

¢ Continue NG feeds if able
e Offer non nutritive sucks q 3 hr
* Re-evaluate in 24 hours

* Administer remaining volume via NG

Tolerating ~ 75%

Intense Feeding evaluation:

« Trial of various nipple varieties (low
flow nipple, NUK nipple, thicken
feeds)

¢ Consult Gl, Speech, ENT

* Vocal cord paralysis

* Malrotation

* Gastroesophageal reflux

¢ Delayed gastric emptying

e Pyloric stenosis

e PPl vs. gastric motility agent

< No of caloric goal
orally for ~48hrs?
Yes
* Remove NG tube and offer all feeds orally
* Monitor daily oral intake
¢ Optimize caloric intake
Yes
Adequate oral
L No intake?
-~ (weight gain
20-30gms/day)

Continue to monitor intake and weight gain, optimize
calories

Fig.11.5 Post operative oral feeding protocol

and children undergoing surgery for congenital
heart disease [45]. Potential etiologies of chylo-
thorax include thoracic duct injury, increased
right-sided pressures and central vein thrombosis
[46—48]. Chylous fluid consists of high levels of
triglycerides, lymphocytes, and proteins including

immunoglobulins and clotting factors [48]. Given
the high nutrient content of the fluid, increased
drainage puts patients at risk for protein-energy
malnutrition, delayed initiation of enteral nutri-
tion, electrolyte disturbances, coagulopathy, poor
wound healing, impaired immune function, and



11 Addressing Nutrition and Growth in Children with Congenital Heart Disease 161

respiratory complications due to required chest
tube placement [49, 50].

Potential Adverse Events Secondary
to Feeding

When feeding infants with congenital heart dis-
ease, even when following conservative guide-
lines, there are risks of adverse outcomes. The
primary of these risks include the development of
necrotizing enerocolitis and problems associated
with feeding via a nasogatric tube. Infants with
impaired systemic perfusion are at risk for necro-
tizing enterocolitis (NEC) [15]. Mortality in
post-operative infants with congenital heart dis-
ease is significantly higher in those who develop
NEC than those that do not [51]. Feeding intoler-
ance can be the first indication of NEC, espe-
cially when associated with bloody stools. Any
infant with concerns for NEC in the post-
operative period should be fully evaluated with
clinical examination, abdominal radiographs and
appropriate consultation. Feeds should be imme-
diately held during this evaluation period.

It is common to use a nasogastric tube to sup-
plement feeding in infants with poor oral intake.
This form of enteral feeding is used both in and out
of the hospital setting [34]. While uncommon, one
problem that has been associated with nasogastric
tube feedings is misplacement of the tube and
aspiration [52]. It is essential to educate caregivers
of the potential risks of enteral feeding as well as
the signs of problems with the nasogastric tube.

Future Work and Research
Questions

While there has been improvement in our under-
standing of nutritional problems in infants and
children with congenital heart disease, there are
still aspects of this problem that require addi-
tional work. Standardization of feeding practices
does improve overall patient growth but there is
still a poor understanding of the etiology of
growth problems in many forms of congenital
heart disease. Several areas that may be addressed

include actual energy expenditure, functional
gastrointestinal perfusion studies, and biomark-
ers of nutritional problems. In addition to physi-
ologic causes of poor growth, work should
progress to understand the impact of the home
environment on growth in these children with
complex medical needs.

Finally, while it is important to continue to
understand the causes of growth failure it is
important for investigators to better understand
the long-term problems associated with early
struggles with growth, perhaps most importantly
the role that early growth plays in neurodevelop-
ment, neuro-recovery and plasticity and long
term wellbeing.

Conclusions

Growth failure is well recognized and com-
mon in infants with complex congenital heart
disease [5—7]. Adequate nutrition is essential
for normal growth and development for infants
and children. Growth problems in congenital
heart disease can lead to both short and long
term problems including an adverse effect on
surgical outcomes and impairment of neuro-
development. While the etiologies of growth
problems in congenital heart disease are var-
ied and multiple, much progress has been
made in understanding these issues and deter-
mining interventions that mitigate this impor-
tant problem. A multi-disciplinary approach
to nutritional management and surveillance,
and the use of standardized nutritional proto-
cols, with the intention of early identification
and mitigation of growth problems can
improve growth in infants with congenital
heart disease and further improve outcomes
for these challenging patients.
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Abstract

When patients and families observe and report their healthcare experiences,
they can play important roles in promoting safety and improving quality.
This chapter begins with the case of a busy, well regarded medical profes-
sional associated with a patient complaint. The complaint is a means by
which patients and families can be “safety promoters”. While barriers to
this role exist, they may be reduced or eliminated when organizations com-
mit to assessing their readiness to invite and address patient concerns, and
build a robust infrastructure to support the effort. This chapter discusses our
experience using unsolicited (voluntary) patient complaints to address
unsafe systems and behaviors. We use the physician and the physician’s
practice group to illustrate implementation and outcomes of interventions
designed to reduce unnecessary variation in healthcare professionals’
behavior and performance that undermine a healthcare organization’s cul-
ture of safety. The chapter concludes with guidance to hospital and health-
care systems on how best to develop, implement and sustain a patient and
family experience program.
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Dr. Uro! is an experienced, busy, well-
regarded urological surgeon and a valuable
member of the large medical group
affiliated with Celestial Medical Center.
A patient has called Celestial’s Office of
Patient Relations (OPR) to complain about
a visit earlier today with Dr. Uro. The
patient reported: “My visit with Dr. Uro
was only 5 min long. I felt Dr. Uro was
rushed, and I wasn’t able to get all my
questions asked or answered.” Does this
patient complaint represent a problem? An
anomaly? A patient with unrealistic expec-
tations? Someone who simply underesti-
mated the time Dr. Uro actually spent? Or
something else?

'Dr. Uro and Dr. Uro’s group are hypothetical, an
amalgam of actual CPPA experiences and
situations.

Patients and families are well positioned
observers of their healthcare experiences,
therefore they have a potential role to play
in promoting safety and improving quality
[1-4]. Drawing from literature on patient-
centered care, engagement, empowerment
(i.e., healthcare professionals’ attempts to help
patients discover and develop their capacity
to be responsible for their healthcare [5]), and
patient activation (i.e., patients’ possession of
skills and confidence for independently and
actively engaging in their healthcare [6]), we
review how patients and families can play a
“safety promoter” role. We discuss the barri-
ers to this role, a project planning readiness
assessment, and elements of an infrastructure
to ameliorate impediments. The chapter con-
cludes with implications for practice.

Patients and Families as Observers

Patients see and experience things that concern
them, including failures of professionals to:
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¢ Practice hand hygiene consistently

* Arrive to appointments and show up for pro-
cedures on time

* Answer pages/cover call

* Communicate clearly and respectfully

* Practice evidence-based medicine

e Perform according to safety and quality
protocols, and,

e Behave or perform in many other ways
that threaten their own and others’ safety
[7-9].

Patients and visitors not only observe, but rou-
tinely make judgments about both “relational”
and “functional” aspects of healthcare experi-
ences [10], whether asked to share their observa-
tions or not. If patients share these and other
observations, their concerns may be reliably
coded [7, 11]. Relational aspects include:

* Providing emotional and psychological sup-
port: relieving fear and anxiety, demonstrating
respect, kindness, compassion;

e Inviting patient participation in decision-
making, and respecting patients’ values and
preferences;

e Involving family members and/or caregivers
in decisions as needed and appropriate;

¢ Communicating clearly and honestly about
available options, risks and benefits of treat-
ments, and self-care procedures; and

* Disclosing unexpected adverse outcomes and
errors.

Functional aspects include:

* Delivering evidence-based treatments;

* Managing physical symptoms in a timely and
tailored fashion;

¢ Attending to physical needs and a clean, safe,
comfortable environment; and

e Coordinating ongoing care and arranging
smooth transitions from one care setting to
another.

Patient Engagement

The Patient role in elevating the safety and qual-
ity of healthcare experiences have been described
in terms of “patient activation” and “patient
empowerment” and, more recently, as “patient
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engagement” in “patient-centered care” where
they are recipients of “patient-centered commu-
nication” under the overarching term, “patient
experience”[10, 12—18]. Put simply, patients are
not merely observers or simple consumers, but
are also producers or co-producers in their health
and healthcare [19, 20].

However defined, described, and contrasted,
activated/empowered/engaged patients are gen-
erally more likely to adhere to recommended
healthcare behaviors and enjoy better health out-
comes [18, 21-25], and they report better health-
care experiences [26-30]. Recent reports also
suggest that activated and empowered patients
may have lower healthcare-related costs [6, 18,
31, 32]. Finally, evidence continues to grow that
patients can help promote both their own and
institutional safety [33], and these findings appear
to generalize across disadvantaged, ethnically
diverse, and medically indigent populations.
Moreover, the findings have been replicated in
countries on four continents [6].

Patient Engagement in Safety

Patients can contribute to their own and health

system safety in at least three ways [34-37]:

1. As “Choosers” who make informed decisions
about where and from whom (which profes-
sionals and which payers for their circum-
stances) to receive care, share in making
informed choices, and help assure their treat-
ments are appropriate [38—43]. When patients
perceive greater opportunity to be involved as
choosers, they express greater confidence in
their choices and in their professionals [41];

2. As “Co-producers” who help to promote their
healing and wellness by partnering with
healthcare professionals; monitoring whether
treatments are delivered safely and as planned;
attending and responding to educational mate-
rials, videos or posters that promote their con-
fidence in asking questions; identifying safety
issues; and speaking up with any concerns;
and/or

3. As“Evaluators” or, as we conceptualize it, “pro-
moters,” of Safety and Quality, who provide
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data on systems and individual professionals’
behavior/performance, participate in helping
define personally meaningful elements of qual-
ity, help monitor behavior/performance, iden-
tify concerns and, if appropriate, help reduce
problems and risks [33, 44—47].

Professionals who support these three roles

are usually motivated by:

» realization that non-adherence is more likely
when patients are not involved in treatment
planning and decision-making [27];

* recognition that professional technical/con-
tent expertise can be supported or undermined
by patient/family “expertise” (power) in car-
rying out choices and seeking care elsewhere,
so the professional attempts to overcome per-
ceived power differentials by engaging
patients in tailoring recommendations when
there are options [40];

» pressures related to increasing “‘consumerism,”
i.e., patient and payer expectations for care that
is both kinder and safer [9, 12, 34, 39, 48, 49];

¢ democratization of knowledge with reduced
knowledge gaps between professionals and
many patients due to information available via
the internet [50]; and

» effective advocacy of groups that promote
patient involvement in safety and quality [51].
While the Chooser, Co-producer and

Promoter roles are interrelated and each merits
full attention, this chapter focuses on the third
role, that of patients as active evaluators/pro-
moters of safety and quality in partnership with
their healthcare professionals and organiza-
tional leaders.

Barriers Exist, But Can Be Overcome

We acknowledge that many patients will feel
uncertain or uncomfortable about sharing con-
cerns. Many describe themselves as reluctant to
appear to be challenging their healthcare profes-
sionals or health systems for fear of being catego-
rized as “difficult” [52, 53]. An implication for
practice is that organizations need strategies that
affirm their desire to hear from patients, address
common barriers, and support patients who
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speak up. They promote positive attitudes toward
patient feedback among their healthcare team
members, have systems and infrastructure in
place to elicit/solicit patient involvement, use
multiple media to ask for feedback, take patient
feedback seriously, respond in a timely fashion to
individual patient comments, compile and use
aggregated feedback to promote improvement,
and protect those who report their concerns from
any retribution [9, 33].

The infrastructure usually requires third
party “Patient Relations Representatives”
because patients and families may feel more
comfortable when they do not need to discuss
concerns directly with their health profession-
als [53]. The attitudes and support of leader-
ship, healthcare team members, and Patient
Relations professionals can go a long way to
make patients more willing and confident to
speak up [47]. Fundamentally, the required
attitudes and actions are based on the founda-
tional concept of what it means to be a health-
care professional.

Professionalism Is the Foundation

Each professional on a healthcare team has made
commitments to mastering specialized knowledge
and technical skills, engaging respectfully with
others in ways that promote teamwork and partner-
ship, and giving and receiving feedback as a form
of self- and group-regulation [9, 54-58]. Most
medical specialty associations worldwide have
issued definitions and standards regarding medical
ethics and professional conduct in recognition of
the responsibility for self-regulation. These state-
ments uniformly include or allude to non-technical
behavioral concepts such as altruism; respect; hon-
esty and integrity; ethical standards; accountabil-
ity; excellence; and duty/advocacy [59-66]. One
review identified more than 90 characteristics [67]
that patients may reasonably expect from medical
professionals. Specific definitions aside [68-70],
healthcare professionals, staff and patients alike
know professionalism when we see it modeled, and
when it is not [71].
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In a medical culture that embodies profession-
alism and self-regulation, healthcare team mem-
bers demonstrate willingness to report (and act)
in support of safety and quality. They understand
the need to report (and act) and do so in respect-
ful ways. They also understand that failures to act
threaten ongoing trust, an element critical to reli-
ability and optimal team performance. But for
professionals to share concerns, they must feel
psychologically safe [72]. The same characteris-
tics that promote willingness to report (and act)
also apply to patients [73, 74]. In fact, Danis and
Solomon [75] assert that true patient engagement
obligates patients, professionals, healthcare orga-
nizations and delivery systems, insurers, and
communities alike to hold one another account-
able to raise safety concerns. For mutual account-
ability to occur, however, many persons will need
support and reassurance that they can make
reports in good faith without fear of retribution or
retaliation [19].

How Patients Have Performed
the Evaluator/Safety Promoter Role

The literature identifies both proactive and
reactive means by which patients and family
members have provided feedback to help pro-
mote patient safety. Proactive strategies include
hospital rounding by patient relations special-
ists (ombudsmen) who ask inpatients about any
concerns or fears they might have about their
hospital stay [76, 77]; multidisciplinary round-
ing to uncover unmet needs [78]; and offering
information to help patients identify and choose
safe providers, involving patients in hand wash-
ing and other infection control processes,
encouraging adherence to health promotion
programs, offering patients access to their
online medical records, encouraging patients to
check their records and monitor their care pro-
cesses, and advising patients to report adverse
drug events [79, 80].

Reactive strategies for obtaining patient feed-
back include soliciting patient perceptions of
their care. Surveillance tools have included
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retrospective surveys about safety events [81,
82], retrospective interviews [83, 84], incident
reporting systems [85-88], various online multi-
ple choice response tools [89], and most com-
monly standardized-item patient satisfaction
questionnaires [90-96]. Summaries of strengths
and limitations of these approaches include arti-
cles in the February 2013 theme issue of Health
Affairs and The Health Foundation’s January
2013 Evidence Scan on “Involving Patients to
Improve Patient Safety” [33].

Best practices for employing these strategies
include that the tool:

* Asks about interpersonal aspects and respect-

fulness of care [91];

* Asks about the quality of professionals’ com-

munications [94];

» Focuses on a specific visit [92];
* Is used within 48 hours to 6 weeks of the visit

[93]; and
e Permits patients to express concerns about

treatment, care coordination, engagement, and

outcomes [90, 96].

Whatever the approach to involving patients
in promoting safety, the impact depends on what
is done with the information after it is collected.
Significant improvements in safety therefore
require an organizational infrastructure that sup-
ports a committed team that uses data to drive
improvement efforts [9, 33]. We now turn our
attention to an alternative to retrospective inter-
views and surveys: voluntarily offered (unsolic-
ited) complaints.

Back to Dr.Uro

Dr. Uro’s group uses signage, notices on
billing statements, brochures and videos to
invite patient compliments and concerns
about their healthcare experience with group
members. Over the past 18 months, Dr.
Uro’s patients have reported a number of
concerns associated with Dr. Uro’s practice
and behaviors, including the following:
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e “Dr. Uro is too hard to get in touch with.
Dr. Uro never calls me back, and it takes
months to get an appointment.”

* “Dr. Uro was obviously in a hurry... took
one look and told me to stop drinking so
much and my bladder problems would be
solved. It was totally insulting.”

e “I had several questions. When I asked
why I might be having so many UTIs,
Dr. Uro just shrugged and said, ‘I have
no idea’ and left.”

* “Dr. Uro seemed to be distracted during my
appointment. I wasn’t sure Dr. Uro was
really paying attention to anything I said...”

“Unsolicited” Patient Complaints

Unsolicited complaint narratives first and fore-
most offer patients the opportunity to give a full
voice to their priorities and experiences, permit-
ting descriptions of both chief complaints and
ancillary issues. After all, complaint narratives
indicate specific real or perceived deviation from
anticipated behavior, performance, and/or out-
come. Such complaints therefore offer important
opportunities for specific, timely service recov-
ery [45,47,97]. Second, as integral (and engaged)
team members, patients in aggregate can signal
markers of dysfunctional teams. Third, unsolic-
ited complaints enjoy substantial research
support. Results of multiple, independent studies
of relationships between standardized patient
satisfaction questionnaire scores and lawsuits,
a marker for safety, do not find the results are suf-
ficiently robust for supporting action [98-101].
In contrast, our team and the same independent
researchers have repeatedly found significant,
actionable relationships between unsolicited
complaints and risk management activity [1,
98-105].

Although external regulations, like the Centers
for Medicare and Medicaid Services (CMS)
requirements, may motivate organizations to
address complaints, the best programs are driven
by three internal motivators [47]:
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1. Moral motivation: Aims to “do the right thing”;
2. Marketing motivation: Rebuilds patient/fam-
ily confidence, defends against treatment non-
adherence, retains loyalty, and reduces loss to
follow-up. Numerous studies link patient non-
adherence and dropout with patient dissatis-

faction [27].

3. Monetary and margin motivation: May improve
an organization’s bottom line by reducing rev-
enue loss and risk associated with dissatisfied
patients and families because peer-delivered,
peer-comparative, aggregated patient com-
plaint-related feedback works to reduce subse-
quent complaints [106—-108].

As Sage put it in an editorial following a study
showing the relationship between patient com-
plaints and lawsuit risk [1], “...healthcare organi-
zations need to elicit patients’ stories, capture
information relevant to safety, and feed that infor-
mation back to the professionals who organize and
deliver care” ([109], p. 3004). Although Dr. Uro
and other physicians might sometimes disagree
with patients’ perceptions, those patients’ percep-
tions might signal potentially correctable systems
issues and unsafe behavior/performance that
undermines teamwork and safety [9]. So, consis-
tent with the adage that “Data tell and stories sell”
[110], we have spent nearly two decades turning
patients’ stories into actionable data, and using
both as feedback to professionals whose complaint
profilesindicate highrisk of lawsuits. Unfortunately,
until relatively recently, most healthcare organiza-
tions have not used unsolicited patient complaints
to promote standards of care [111]. The next sec-
tion summarizes our experience using unsolicited
patient complaints as part of Vanderbilt’s Patient
Advocacy Reporting System® (PARS®). Details
about the PARS tool and process are published
elsewhere [3, 9, 106-108].

Using Unsolicited Patient
Complaints to Promote
Safety and Quality

Currently more than 50 healthcare systems and
medical groups across the United States use PARS
to identify physicians and other professionals
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associated with high numbers of unsolicited
patient and family complaints [1, 9, 106-108].
PARS is designed to augment, not supplant, tradi-
tional peer review, aggregates patient/family com-
plaint reports, codes embedded complaints, and
transforms complaint data into peer-comparative
local and national reports that peers share with
high complaint (high risk) colleagues (described
later in this chapter) [3, 9, 106-108, 112-114].

PARS intervention materials include a letter
from a well trained peer “messenger” addressed to
the at-risk, high-complaint physician. The letter
describes the process and provides the physician
with his/her numerical ranking among all medical
group physicians (e.g., “You are number 3 of 387
physicians affiliated with Celestial Medical
Center, and you rank second within your general
field of surgery.”). Feedback materials also include
a “you-are-here” figure containing calculated Risk
Scores for all of a physician group’s members,
a table that portrays the types of complaints voiced
by patients and families (Table 12.1), and individ-
ual de-identified complaint narratives (for exam-
ples, see [3, 108]). Physicians see how their Risk
Scores compare with the vast majority of physi-
cian peers who are associated with fewer com-
plaints. For follow-up visits, a line graph shows
changes in the physician’s Risk Score over time
relative to his/her area of practice and facility.
Sharing the data in a non-directive, non-punitive
way makes high risk physicians aware of their sta-
tus. It gives them opportunities to reflect on what
patients and families say, and respects their profes-
sionalism to address the comparatively high levels
of dissatisfaction associated with their practices.
Most professionals who receive feedback are
subsequently associated with substantially fewer
complaints, and the overall physician group risk
declines [3, 9, 106-108, 115].

PARS is Employed by Dr.Uro’s
Organization

PARS was launched at Celestial Medical Center
(the organization with which Dr. Uro’s
Department is affiliated) only after Vanderbilt’s
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Table 12.1 Distribution of types of patient complaints associated with Dr. Uro

Celestial Medical Center

Complaint Type Summary

Audit Period for Data in this Table

Date 1 - Date 2

Dr. Uro

Complaint Type Categories

Distribution of Complaints*

Your Complaints | Average for Surgery

with Concerns About Care

Care & Treatment 29% 48%
Communication 33% 21%
Concern for Patient & Family 25% 9%
Accessibility & Availability 9% 14%
Money or Payment Issues Associated 4% 3%

*Complaint distribution figures are rounded to the nearest percent; therefore, totals may

not equal precisely 100%.

Center for Patient and Professional Advocacy
(CPPA) had established Celestial’s readiness. We
assess organization readiness for launching
PARS (or any safety/quality improvement or risk
reduction project) using a “Project Bundle” tool
[9]. In brief, Celestial initiated the PARS pro-
gram after key Celestial stakeholders/leaders and
CPPA mutually judged that Celestial had suffi-
cient (1) commitment from its people, and, (2)
adequate organization-related supports, and (3)
learning systems in place. Judgments were based
on the following considerations:
1. Commitment from People
(a) Celestial’s leadership made public com-
mitments to address the patient experi-
ence and address unnecessary variation
demonstrated by Celestial-affiliated pro-
fessionals with high PARS Risk Scores;

(b) Two well-regarded Celestial-affiliated
physicians agreed to Co-chair a PARS
Messenger Subcommittee and become
project champions, i.e., people who have
the ability to motivate and hold others
accountable to accomplish goals;

(c) Celestial had an existing dedicated Patient
Relations team to hear, address and docu-
ment patient complaints. Celestial section
leaders and department chairs nominated
and the Co-chairs recruited peer physicians
willing to receive training and deliver the
data to high risk colleagues.

2. Organizational Supports

(a) Alignment with goals: Celestial manage-
ment set and disseminated goals to
increase capture of patient complaints and
provide prompt service recovery;
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Fig.12.1 Promoting
reliability pyramid: a

graduated intervention
model for addressing
behavior/performance that
undermines a culture of
safety (Adapted from
Hickson et al. [105], with

Pattern
persists

Apparent
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reviewed and updated its professional
conduct policy. Celestial also created and
charged the Co-chairs and members of the
PARS Messenger Subcommittee to imple-
ment the PARS program under the aus-
pices of the Medical Executive Committee
(to be consistent with state peer review
statutes);

Model for Planning and Interventions:
Celestial Medical Center adopted the
CPPA graduated intervention model
for planning and for addressing high-
complaint physicians (Fig. 12.1) (see [3,
105, 106] for details). At the pyramid’s
base and first level up, unless an allega-
tion or incident is “egregious” or subject
to mandated reviews (e.g., inappropri-
ate touch, substance abuse), most pro-
fessionals simply need encouragement
or informal feedback to sustain profes-
sional conduct. But some physicians are
associated with sufficient numbers of
complaints that a pattern appears to have
emerged. Consistent with individual and
group self-regulation, high risk physicians
deserve to be made “aware” of their stand-
ing (a Level 1 “Awareness Intervention™)
[3, 55, 105, 106, 108]. In this model, the
well-trained peer-messengers share the
data, encouraging high-risk physicians to

(d)

but not provide directive or corrective
advice. Anticipating that some high risk
physicians would be unable or unwilling
to respond to peer-delivered messages, a
Level 2 “Authority Intervention” provides
the appropriate leader (chairman, chief
medical officer, vice president of medi-
cal affairs) an opportunity to review the
high risk physician’s data, reflect upon
other performance data, and then define
an improvement plan (elements of which
might range from coaching, a practice
assessment, or a comprehensive mental
and physical health screening). Level 2
interventions include ongoing tracking
of complaint data with periodic updates
provided to designated leaders. Level 3
interventions are reserved for individu-
als who fail to respond at Level 2 or who
violate policy or legal boundaries (the
small, colored triangle in Fig. 12.1, those
complaints/events considered “most egre-
gious”) [116]. These persons are referred
for appropriate investigative, corrective,
or disciplinary action.

Resources for teams: Celestial provided
funding to support upgrades to an elec-
tronic complaint capture software pro-
gram for use by Risk Management and
the Office of Patient Relations.
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3. Learning Systems

(a) Measurement and surveillance tools:
Celestial’s upgraded software program
enabled improved tracking of complaints
and their resolution, and it provided safe,
secure, easy routine transfer of complaint
data for coding and aggregated analysis;

(b) Process to review data: CPPA provides
regular feedback regarding quantity and
quality of patient complaint reports vs.
agreed-upon benchmarks to Celestial’s
Office of Patient Relations. CPPA pro-
vides multiple reviews of complaint data
for quality and consistency. The PARS
Messenger Subcommittee Co-Chairs per-
form their own detailed review of the data
prior to asking a Committee member to
share the data with a particular colleague,
and each Committee member performs
reviews prior to agreeing to share the data
with a colleague;

(c) Multi-level training: The PARS tool and
process were presented to Celestial’s senior
leaders for vetting and final approval, then
described to the medical staff at group
meetings and in Celestial’s print and online
communications. All Office of Patient
Relations (OPR) staff were taught about
their important role in PARS, and OPR staff
participated in a course on best practices in
service recovery and documentation [47].
All Messenger Subcommittee members
engaged in 8 h of PARS messenger train-
ing. Finally, Celestial’s senior leaders
received coaching on how to address any
high risk physician who attempted an “end
around” in an attempt to be exempted from
monitoring or interventions.

An Infrastructure for Ongoing
Promotion of Reliability
and Professional Accountability

The results of the Project Bundle planning
assessment indicated that Celestial was ready to
launch the PARS program, but actual, ongoing
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maintenance of any improvement project
requires a fair, just, robust, and functioning
organizational infrastructure to actually pro-
mote reliability and accountability. Ongoing
tests of the infrastructure’s functionality include
the leadership’s meaningful commitment and
actions to address “unnecessary variation” in
systems or individual behavior/performance,
dissemination and enforcement of relevant
institutional policies, use of relevant surveil-
lance tools for obtaining observations or data
(e.g., for PARS, complaint recording and deliv-
ery of complaint data), routine data reviews by
leaders positioned to take action, post-training
willingness of essential team members and
Co-Chairs to perform “messenger” roles (for
PARS, with high fidelity to PARS program
training), and accountability to one another [9,
104, 105, 117, 118]. Again, we emphasize that
the infrastructure’s existence and ongoing reli-
ability are driven by the organization’s leader-
ship and willingness to listen and take full
advantage of their patients’ experiences and
stories of how they perceived their care.

Dr. Uro Qualified for a PARS
“Awareness” Intervention

Dr. Uro’s Risk Score was in the top 5 % of
all Celestial-affiliated physicians and top
3 % of the 399 urologists in the national
PARS database. A peer messenger (a sur-
geon practicing in a different surgical sub-
specialty) shared the data with Dr. Uro. The
peer messenger completed a post-interven-
tion debriefing report which included the
messenger’s perception that Dr. Uro was
frustrated by the data and felt the com-
plaints reflected systems and leadership
issues, not his shortcomings. The messen-
ger reported that Dr. Uro’s specific com-
ments included the following:
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e QOur area—our group—is terribly man-
aged. You should be taking these com-
plaints to Dr. (Chair of Urology).

* I'm seeing increasing numbers of
patients. It gets hectic because I don’t
have enough administrative support.
None of us do in this department.

e The Chair gets all over me to produce...

JW. Pichert and G.B. Hickson

they visited took ownership: “some of these
are my own doing...I will address these...”
The Committee Chair also notes that no
other Celestial Medical Center departments
or physician “families” had a distribution
similar to the one in Fig. 12.2; even in the
largest departments, only 0-2 physicians
qualified for awareness interventions.

and see more patients and do more proce-
dures. It’s not me....it’s the poor support.

e The system for turning over patients in
the OR is especially poor. It would be
more helpful for you to talk with the
supervisor there.

* You could talk to our Department Chair,
but frankly the problem is the lack of
support we get in this department.

e And some of the patients are just
unreasonable.

The Co-Chairs de-identified the data pre-
sented in Fig. 12.2 and shared it at a mes-
senger committee meeting a few weeks
following initial interventions. The group
recommended that the data (with the
department identified) be shared with the
Chief of Surgical Sciences and appropriate
Celestial Medical Center leadership.

When the data were shared, the Medical

Dr. Uro’s messenger reported to the .
Leadership:

Committee Co-Chairs her impression that
Dr. Uro’s systems-related explanations might
have been rationalizations, but also might
have merit. She had agreed to pass along the
systems-related issues, but, consistent with
her training, she had urged Dr. Uro to not
only report any concerns up the chain of
command, but help address them as well.

e Were “not surprised” that Urology
Department members are disproportion-
ately associated with patient/family
complaints;

» Expressed concerns that the group “does
not appear to be functioning well.”
Observations included the following:

— Patient and staff complaints appear to
revolve around long waits, short visits,
not listening/not answering patient ques-
tions, problems with timely follow-up

The Committee Chair notes that, in fact,
several Celestial Medical Center urologists
had Risk Scores above the PARS threshold
that qualified them for initial awareness

interventions (Fig. 12.2). According to sev- — Access and communication com-
eral messengers’ debriefing reports of their plaints could be volume-related

meetings, other urologists receiving aware- — Colleagues from other departments
ness interventions cited similar system/ have mentioned a “tense environment”

management issues, although several of — Suggestions of jousting [69] with
these messengers added that the physicians other departments and services
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Fig.12.2 Urology Department
Physicians’ Pre-Intervention
PARS Risk Scores (diamonds)
plotted over all physicians
(dashed line) and all other
urologists (solid line) in the
PARS database. The horizontal
line at the Risk Score of 50
indicates the PARS threshold
for intervention pending
assessment and review of an
individual physician’s
underlying complaint data
C<[112]; **[107])
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— The Chair of Urology had been
appointed from the ‘ranks, several
department members were long-

and the Chair

appeared reluctant to hold them
accountable. For example, the Chair
was either unable or unwilling to

a long-time department

colleague who exhibited abusive

behavior towards junior staff and
had three malpractice claims in the

time colleagues,

address

past 30 months

— The newest department members
voiced concerns about what they per-
ceived to be the Chair’s lack of action
in support of their work, and com-
plained about the “unfair compensa-
tion package” that they believed sent
“too much of our income” to the

Chair and to the Department.

20 %

40 %

60 %

80 %

100 %

Percentage of Physicians

What was done? The leadership agreed that
the Urology Department “family” of physi-
cians stood out; no other departments
exhibited a similar distribution of Risk
Scores. Together the leadership reached
consensus that, were it their department,
they would want to know and have an
opportunity to address the data. The Chief
of Surgical Sciences agreed to meet with
the Chair of Urology, express that the Chair
was a valued member of the leadership
team, share the data and leadership’s con-
cerns, and give the Chair the opportunity to
“turn things around.”

The Chair of Urology took several actions
over the next 6—8 months:
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Risk Score*
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* Enrolled in Celestial’s leadership
training on promoting reliability and
accountability

* Added two advanced practice nurses to
better manage volume

» Assigned the group manager to partner
with Patient Relations and assist with
internal service recovery

In addition, the Chief of Surgical Sciences
did the following:

* Met over the course of the year with
every department; shared quality, vol-
ume and complaint-related data; laid out
clear expectations and goals; and
described the plan for monitoring and
feedback

e Adjusted all Surgical Department
Chairs’ incentives to more heavily
weight Celestial’s quality goals, and put
less weight on service volumes.

Over the next year, total numbers of
recorded patient complaints at Celestial
Medical Center increased as a function of
renewed efforts to let patients know “we
want to hear from you.” Complaints about
urology began dropping, however, so sev-
eral PARS messengers were able to deliver
“g00d” news to their previously identified
high risk urologists. Dr. Uro’s Risk Score,
however, was unchanged, and Dr. Uro’s
messenger reported that Dr. Uro responded
with nothing except irritation about the
process.

JW. Pichert and G.B. Hickson

Urology Department 2 Years Later

Two years following the initial awareness inter-
ventions, the Risk Scores for all Department of
Urology members except Dr. Uro fell below the
intervention threshold (Fig. 12.3). Interventions
were suspended for those below the threshold.
Unfortunately, Dr. Uro had accumulated addi-
tional complaints. Consistent with Celestial
Health System policies, Dr. Uro’s messenger and
the Messenger Committee Co-Chairs reviewed
the data and agreed that Dr. Uro should progress
to a Level 2 Authority intervention by the
Department Chair.

The Department Chair agreed to meet with
Dr. Uro, to affirm Dr. Uro’s value to the
department, review previous awareness
interventions and new complaint reports, and
mandate an improvement plan. In this case,
the Chair directed Dr. Uro to undergo screen-
ing by a physician affiliated with a recog-
nized Physician Wellness Program. Dr. Uro
underwent individual assessment at a Health
Professional Assessment Program. Deficits
in team management skills and self aware-
ness/personal insight regarding impacts of
interactions with others were identified. Dr.
Uro was mandated to participate in a pro-
gram for “distressed” physicians [68, 119].
Dr. Uro grudgingly attended and grudgingly
reported that the program had been “eye
opening, helpful.” Dr. Uro’s complaints have
since fallen.

Summary and Conclusions

We conclude, like the colleagues cited at the
beginning of this chapter that patients can indeed
play an important role in promoting safe medical
care. Their unsolicited patient complaints pro-
vide a means for identifying high-claims physi-
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Celestial Medical Center Urology Dept.
Post-awareness interventions

——All Physicians - National PARS® Data (N > 30,000)

—Urologists - National PARS® Data (N = 399)

40 %
Percentage of Physicians

0% 20 %

Fig. 12.3 Urology Department Physicians’ PARS Risk
Scores 2 years post initial awareness interventions.
Diamonds represent individual urologists’ Risk Scores,
and Dr. Uro’s high Risk Score is highlighted. The dashed
line represents all physicians and the solid line all other

cians, making them aware (not to punish, at least
initially), and offer them an opportunity to reduce
their risk of claims. After all, it was patient com-
plaints that, because Celestial medical center had
an infrastructure to receive and address them,
brought Dr. Uro to the attention of leadership.
This increased safety and very likely saved his
career. We believe the vast majority of physicians
at high risk signaled by patient complaints are not
aware that they stand out from their physician
peers. Consider, if you were at high risk and
could get a non-punitive “heads up,” wouldn’t
you want to know? If physician colleagues are
unaware, they are not likely to address risky or
unsafe technical and interpersonal behaviors.
Most physicians respond positively if those com-
plaints are captured, reliably processed, and reg-
ularly communicated through a physician-driven
feedback process.
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urologists in the PARS database. The horizontal line at
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intervention pending assessment and review of an indi-
vidual physician’s underlying complaint data (*[112];
##[107])

Patient observations have limitations in pro-
moting safety. Some leaders and colleagues may
want to quibble with the evidence in support of
these concepts that do not come from random-
ized controlled trials [120]. Some may cite stud-
ies that show patient engagement levels make no
difference to outcomes, or the handful of studies
that appear to link higher standardized patient
experience survey scores to increased hospital-
izations, higher costs, or mortality (none of which
was methodologically superior to the majority
with positive associations) (see the review by
Doyle et al. [10]). Others may believe that
engaged patients receive elective or unnecessary
procedures and check a survey’s “satisfied” boxes
for the wrong reasons [90, 121, 122].

Of course, many patient complaints do not
signal safety lapses. After all, many might seem
to reflect mere annoyances (e.g., “The doctor
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never apologized for being 30 min late to my
appointment.” “The surgeon showed disrespect
by using my first name.”) rather than specific,
valid observations of negligence or unsafe prac-
tices (e.g., “The doctor flew through my diagno-
sis and what it meant, she didn’t listen to us, did
not order some tests I later learned I needed, and
wrote confusing discharge orders.”). Nevertheless,
we know that patients define medical errors more
broadly than clinical mistakes, extending the
concept to communication problems, lack of
compassion, and responsiveness failures [77,
123], and these are associated with surgical com-
plications and other adverse patient outcomes
[103, 124, 125].

A related limitation is that the PARS process
does not examine complaint validity. As we have
argued previously [106], evaluating the validity of
allegations requires exhaustive review beyond the
resources available to most healthcare profession-
als and medical centers. Even when such evalua-
tions occur, professional reviewers do not always
agree [126, 127]. Nevertheless, aggregated com-
plaints (allegations) are associated with risk man-
agement activity and identify a small proportion of
physicians who stand out. There may be “noise”
and “faulty perceptions” that contribute to Dr.
Uro’s high Risk Scores, but these patient/family
expressions of concern drive lawsuits.

Implications and Reflections
for Practice

1. Conduct Project Bundle and Infrastructure
Assessments. If your organization is consider-
ing using (unsolicited) patient complaints to
identify and systematically address service
units and professionals associated with dis-
proportionate numbers, the elements described
above in the project bundle (people, organiza-
tion supports, learning organization) can help
establish readiness for successful implemen-
tation. If your organization already uses unso-
licited complaints to promote safety and
reduce unnecessary variation, what elements
of the infrastructure described above might
make their use more efficient and effective?
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2. Employ proactive service recovery. Our work
with more than 50 healthcare organizations
reveals best practices for service recovery
[47], some of which are summarized using the
“HEARD” mnemonic:

» Hear the person’s concern(s)

» Empathize with the person raising the issue

* Acknowledge, express Appreciation to the
person for sharing, and Apologize when
warranted

» Respond to the problem, setting timelines
and expectations for follow-up

* Document expressed concerns and
responses/resolutions (or Delegate docu-
mentation of to an appropriate person).

Note that the HEARD mnemonic empha-

sizes the importance of documenting patient
complaints for purposes of tracking and
trending in support of safety. In our experi-
ence documentation practices vary widely.
Best practices in documentation should be
part of standard orientation and training of
Patient Relations professionals [47]. While
proactive service recovery activity is impor-
tant, it is not just about placating patients.
Regular audits and feedback can help keep
patients from becoming dissatisfied in the
first place which, for many patients and
families, signals concerns about their and
others’ safety. Therefore, attention to both
individual and aggregated patient com-
plaints is consistent with our collective com-
mitments to professionalism and patient
engagement, both of which help promote
safety and improved outcomes.

3. Be prepared to promote patient activation,
empowerment and engagement in support of
patients as safety promoters/evaluators and
the overall patient experience. Advocate for
patients as the organization’s eyes and ears on
the basis of a commitment to professionalism,
strong humanistic and moral reasons, strong
theoretical backing (compelling logic model),
and the impressive weight of evidence from
the many studies that show patient engage-
ment to be effective [10].

4. Make it easy and safe for patients/families to
share concerns. Organizational characteristics




influence patient willingness and ability to be
safety promoters. Hospitals, physician prac-
tices, Accountable Care Organizations, and
healthcare systems encourage engagement by
(1) asserting and demonstrating that patients’
participation is critical to achieving mutually
beneficial goals; (2) having supportive organi-
zational policies [128-130]; and (3) promot-
ing receptive patient—professional interactions
around expressions of concern [19, 131]. When
concerns are invited, taken seriously and acted
upon, patients are reassured, but are otherwise
discouraged from the safety promoter role
[35, 132—-137]. Finally, patients perceive more
involvement when “we want to hear from you”
is presented early and often, and the response is
prompt and professional [40].

5. Patient engagement-related skills training

may be necessary but not sufficient. Given the
previous implications for practice, profession-

als need to be educated about and appreciate
that involving patients in improving health-
care safety and quality outweigh any per-
ceived disadvantages [138]. While training on
patient engagement skills may help, it is
hardly a cure-all [52, 131, 139, 140]. Creating
and sustaining a safety culture that fosters
improvement rather than retribution requires
supportive systems and infrastructure [9].

6. Promote skills for managing patients’ and

professionals’ expectations. Many patients
bring expectations and make specific requests

(demands) of physicians, and overall patient
satisfaction correlates with fulfillment [141—
146]. Some medical professionals may be
tempted to “cave in,” fearing patient retri-
bution via low survey scores, especially if
survey results impact compensation [144].
If true, such behavior would not always be
consistent with evidence-based care and a
commitment to professionalism. Physicians
therefore need skills for educating patients
and “agreeing to disagree agreeably” [90,
117, 147-149]. Without those skills, overem-
phasis on standardized assessments of patient
satisfaction could have unintended adverse
effects on healthcare utilization, costs of care,
and outcomes [90]. Finally, managing patient
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expectations may require more time, at least
in the short term [150], and some physicians
may be reluctant or unwilling to give up a
more authoritarian style [25]

. Don’t wait to see it in social media. Growing

numbers of patients post online comments
about their healthcare experiences. The avail-
ability of web-based, Yelp-like accounts offer
another opportunity to obtain impressions of
care quality data in the “cloud of patient expe-
rience” [50]. But wouldn’t it be better to hear
from dissatisfied patients directly, before they
leave your facility, rather than from Angie’s
List, Consumer Reports, Health Grades or
many other websites where you have little or
no opportunity to use the postings to address
individual patients’ issues or demonstrate a
pattern in carefully recorded aggregated data?

8. Read globally. act locally. Populations vary,

S0 it’s not surprising that patient complaints
also vary [151, 152]. The data will be richer
regardless of culture, if patients are asked to
tell and organizations record and review their
stories. Priorities for improvement should be
developed locally.
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Abstract

Failure to rescue is now acommonly used term in healthcare, and describes
the likelihood and ability of a team or providers to recover a patient from
actual or impending harm. It can be used as a metric of performance for
clinical teams and individual clinicians, but does require robust bench-
marking to determine acceptable standards of care and expectations, as
well as risk adjustment for patient populations, procedures and complex-
ity. The key principles of effective threat and error management are antici-
pation, recognition and recovery. As outlined here, high-stakes industries
with exemplary safety records exhibit a preoccupation with possibility of
failure. They promote a culture of continuous vigilance, communication
and problem-solving, and expect personnel to make errors but embrace
non-punitive reporting to understand the root cause of threats and errors.
They train their workforce to predict and prevent loss of situational aware-
ness. We propose that a more meaningful metric of the performance of
teams and providers is one that describes the failure to perceive an evolv-
ing clinical state, in addition to the ability to rescue patients once an event
has occurred.
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Introduction

In August 2013, a captain and first officer on a
British long-haul commercial airliner reported
that they had both unintentionally — and simulta-
neously — fallen asleep mid-flight [1]. The sys-
tems approach of the airline industry to human
error encourages such reporting and the pilots
involved did so freely and without repercussion.
The commercial airline industry currently func-
tions beyond the 6-c level! — approximately 2.6
incidents per million takeoffs and landings [2].
The stakes are high though: every one of these
rare incidents that does occur potentially leads to
mass casualties and therefore captures global
headlines. Other high-stakes industries — nuclear
power, military aircraft carriers and air traffic
control, for example — have also acquired 6-c
safety [3], through a philosophy towards human
error akin to that of commercial aviation: (1) all
have developed a pre-occupation with failure and
therefore engrain a culture of systemic vigilance,
(2) all have endorsed and promoted mechanisms
for blame-free reporting, and (3) all accept that
human error is both ubiquitous and inevitable.
These industries, therefore, have all embraced a
systems approach to error by focusing on pre-
venting, predicting, recognizing and rescuing the
errors that they anticipate will occur.

Human Error in Medicine -
The “Personal Approach”

The medical profession has, instead, been obsti-
nate in its approach to human error. Historically,
there has been reluctance to acknowledge the
occurrence of errors, or their impact [4]. When
errors are exposed, there is frequently a gen-
eral resistance to transparency regarding the

'For confusing reasons that relate to long-term process
iteration models, 60 actually correlates statistically to 4.5
standard deviations and hence 3.4 events per million, or an
event rate of 0.00034 %. Commerical aviation exceeds
this quality metric. The top paediatric heart surgery cen-
tres currently function at ~3.5¢ in terms of patient mortal-
ity (about 3 %).
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details and circumstances. The reasons for this
stem from the fact that the medical profession
has generally adopted a personal approach to
human error [3]. Accordingly, error is consid-
ered a shortcoming of a person or small group
of individuals with whom responsibility is
therefore deemed to rest. Consequently, blame
is implied, if not stated. This personal approach
to human error is satisfying in many respects:
failures are ‘“contained” and accounted for.
It provides easy and direct causation for col-
leagues, patients and their families. Naming,
blaming and shaming have seemingly provided
a sense of gratification for patients, and also
makes for fantastic sensationalist journalism.?
Competitive medical specialties, too, seem to
feed off the personal approach to human error;
conventional “morbidity and mortality” ses-
sions may often be adversarial or even vitriolic.
A fundamental flaw of the personal approach
to understanding human error is that it ignores
contributing causal factors beyond the individ-
ual perpetrator. There is therefore a high likeli-
hood of error recurrence.

Failure to Rescue

The frequency of an adverse event, such as pre-
ventable cardiac arrest, healthcare acquired
infection or specific complications after a pro-
cedure, may reflect the capabilities and skills of
a team or provider and the systems and culture
in place to support that team or provider.
Fundamental systems- and human-engineering
factors continue to be studied in detail to ame-
liorate these events and prevent harm. No ques-
tion, this is important. Failure to rescue is now a
commonly used term in healthcare, and
describes the likelihood and ability of a team or
providers to recover a patient from actual or

>The press seems comfortable with the phrase and con-
cept of “pilot error” as a frequent factor in air accidents.
Simple online searches for surgical error lead to national
newspaper headlines describing “scandals” of “bungling
surgeons”, “botched operations” and “baby killers”.
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impending harm. Based on the original report
by Silber et al, studying hospital and patient
characteristics associated with death after sur-
gery, a low failure to rescue rate for a particular
adverse event implies preventable harm
occurred, and that this is often a reflection of
systems failure [5]. A failure to rescue can be
used as a metric of performance for clinical
teams and individual clinicians, but does require
robust benchmarking to determine acceptable
standards of care and expectations, as well as
risk adjustment for patient populations, proce-
dures and complexity.

Failure to Perceive

Clinical decision making in highly complex and
intense environments, such as the intensive care
unit or operating room, is both analytic, based on
the input directly from physiologic data and
knowledge, and intuitive based on experience,
and plausible outcomes. The sheer volume and
complexity of data can oftentimes be overwhelm-
ing, difficult to integrate and subject to variable
interpretation among clinicians. The introduction
of the electronic medical record and addition of
new monitoring technology has only made the
environment more complex. To support patients
and staff in these ever more complex environ-
ments, it is essential the volume, velocity and
variability of patient data now available is simpli-
fied, integrated and understandable. The aim
should be to allow clinicians to move from pre-
scriptive and intuitive decision making to one
that is predictive and analytic (Fig. 13.1). A more
meaningful metric of the performance of teams
and providers therefore is one that describes the
failure to perceive an evolving clinical state, in
addition to the ability to rescue patients once an
event has occurred.

Failure to perceive is grounded within resil-
ience engineering, which provides a new way of
thinking about safety. Complex socio-technical
systems are inherently risky. Rather than consid-
ering a system or organization to be inherently
safe by following a set procedure or rules, safety
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is something that people in complex environ-
ments create, by understanding competing
demands and variations in conditions.

Lessons form the Flightdeck -
Vigilance and Communication

In the cockpit, error is a human action or inac-
tion that leads to a deviation from the intended or
expected circumstance that then leads to a reduc-
tion in safety margin and increased probability of
adverse event [6]. They are common, ubiquitous
and, in accordance with the systems approach,
can be considered inevitable [7]. Fly-on-the-wall
assessments of >3,500 commercial airline flights
by trained observers conclude that 80 % con-
tain error [8]. Fortunately, during routine work-
load, few crews perform “poorly” and instead
75-80 % crews are graded as either “good” or
“outstanding”. However, during high-intensity
scenarios, there is a significant increase in the
number of crews performing “poorly” [9], but
also a significant increase in the number of crews
who perform “outstandingly”. Understanding the
working patterns high-functioning crews is cen-
tral to understanding effective threat and error
management.

Crews that excel in crisis situations are highly
vigilant and highly communicative. Review of
>10,000 utterances has revealed that during
abnormal situations, the number of utterances
increases on average by a factor of twofold. The
proportion increase in number of utterances dur-
ing these periods of stress correlates significantly
with increased performance, fewer errors and —
especially — with fewer consequential errors
[10]. Importantly, the number of problem-solving
utterances — a surrogate for vigilance — is highly
linked to highly performing crews. Irrespective
of workload complexity, outstanding captains
devote one third of all utterances to problem solv-
ing — even in routine, low-intensity flight seg-
ments. This is in contrast to crews performing
poorly or with mid-proficiency, where 5-10 % of
utterances related to problem solving [10].
During both high- and low-intensity situations,
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Latent threats
Organisational and national culture, professional culture, scheduling, policies,etc

Fig.13.1 Threat and error model proposed by Helmreich
[8]. Immediate threats are factors outside the control of
the cockpit crew that act to increase the complexity of the
situation and therefore predispose to error occurring.
Errors must necessarily be recognized in order for a res-
cue attempt to correct for the error. The rescue may com-
pletely mitigate the error (inconsequential error). On the
other hand, a consequential error is one that leads to an
unintended state (either ineffective or mismanaged rescue
attempt, or a completely unrecognized but important
error). The unintended state may not itself be dangerous,
but serves as a threat for cycles (“C”) of additional error
or unintended states. It is these cycles that serve as the

the outstanding captains vocalize problem-
solving more than poorly functioning captains by
a factor of 7-8 [10]. Problem-solving communi-
cations had consequently become the centre of
modern threat and error management techniques.
To quote Robert Helmreich [10], “it is not that
effective communication can overcome inade-
quate technical flying proficiency; rather, good
rudder and stick skills cannot overcome the
adverse effects of poor communication.”

stage for amplification of the situation and potential catas-
trophe. Over-arching organizational and cultural factors
may serve as latent threats. We propose that the same
model holds true in high-stakes medical specialties.
Aviation threats have corollaries in medicine (blue), as do
error types. Threat and error management strategies, such
as crew resource management serve to: (1) predict and
manage threats, (2) minimize human error, (3) increase
error recognition, (4) improve team coordination and
resource utilization during rescues, (5) maximize safety
margins during unintended states and (6) recognize and
break cycles of error-unintended states

Threats May Prompt Error

To paraphrase an Australian pilot: “a threat is
anything that takes you away from the ideal day.”
Errors may occur completely unprompted, but
often occur as a result of a mismanaged threat.
Strictly speaking, threats are external influences
that increase the operational complexity of the
planned procedure or journey [6]. They are the
risk factors, therefore, for errors occurring.
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Table 13.1 Classification and prevalence of threat and error subtypes observed during simulator studies and direct

observation of >3,500 commercial airline flight segments [8]

Threats Errors

Aviation Medicine Aviation Medicine

Terrain — 58 % Morphology Violation of SOP — 54 % Non-adherence to guidelines,
SoP

Weather — 28 % Co-morbidity Procedural — 28 % Procedural

Aircraft Equipment Communication — 7 % Communication

malfunctions — 15 %

External errors — 8 % External factors Proficiency — 6 % Proficiency, knowledge or skill

Air traffic control, Ward, admin, etc

ground crew
Operation
pressures — 8 %

Operational stressors

Fatigue, crew stresses Fatigue, scheduling, etc

All have corollaries in medicine, as indicated in italics

Understanding and mitigating threats are central
to the systems approach of threat and error man-
agement. In the airline cockpit, threats tend to fall
into one of five distinct categories [8] (Table 13.1).
The most common relate to terrain or adverse
weather. Observational data from commercial
airline cockpits indicate about ~75 % flights face
one or more threat (range 0-11; median 2) and
approximately 10 % of these threats are misman-
aged, therefore leading to an error.

Latent threats are a particularly important type
of threat from a system error management per-
spective. They are operational, management or
training conditions which indirectly lead to
circumstances that exacerbate the risk of error
[11]. Their importance lies in the fact that unless
they are addressed, it is highly likely that errors
will recur. To use James Reason’s analogy [3]:
active failures are like mosquitos — they can be
swatted one by one, but keep coming. A better
remedy is to drain the swamps from which they
breed. The swamps represent the latent conditions
from which many of the active threats breed.

Categories of Error

In the airline cockpit, errors tend to fall into one
of five category types [8] (Table 13.1). By far the
most frequent type of error documented during
in-flight cockpit observation is violation of a

Decision error — 7 %

Decision or judgment

“standard operating procedure” [8]. This is most
commonly intentional non-compliance, for
example knowingly omitting or abbreviating a
standard checklist. Whilst such non-compliance
may reflect a cavalier work ethic, contempt for
controlling regulations or misperceptions of per-
sonal invulnerability (which, like surgeons, pilots
have been shown to exhibit [12]) it should be rec-
ognized that over-enthusiastic introduction of
protocols will in itself breed non-compliance and
disdain for the philosophy of systemic error con-
trol. Procedural errors reflect a true “mistake” in
the execution of a certain task (often termed
“lapses”), for example touching the wrong key
when entering coordinates, or reading the wrong
line of data from a chart. “Proficiency” errors are
the least comforting, as the name implies a per-
sonal deficiency in skill level. Perhaps, though,
they are the most important to acknowledge:
denial of failures in proficiency (a tendency in
medicine) is to completely ignore the huge innate
fallibility of humans.

Unperceived Failure: Unrecognized
or Ignored Errors

An error may be actively ignored or not even be
recognized. Of course, errors that are either
ignored or unrecognized cannot be managed
successfully; they will only be inconsequential



190

either because they are genuinely trivial, or
through pure luck. Conceptually, therefore, unper-
ceived errors are perhaps among the most impor-
tant target for error management, as error
recognition is a pre-requisite of error rescue. In
certain situations, humans may have reasonable
judgment regarding when an error can be ignored.
However investigations into intentional non-com-
pliance (by definition ignored errors) in the avia-
tion industry errors raise serious doubts about this
general assumption. More than 40 % of approach
and landing accidents involve intentional non-
compliance of a standard operating procedure [8].
Perhaps more importantly, pilots who commit
intentional non-compliance errors are 25 % more
prone to other types of error than pilots who
adhere to standard operating procedures [8].
Therefore, non-adherence represents a general
propensity to err.

Error Rescue and Unintended States

For those errors that are recognized and not
ignored, there is by definition some attempt made
to rescue or contain the error. These error rescue
actions may lead to: (1) no change in the situa-
tional circumstances (inconsequential error), or
otherwise (2) an unintended state (consequential
error). Importantly, an unintended state may not
itself be a danger at all (for example a perfectly
safe, but different, flying configuration in an air-
craft). However, a central premise of the threat-
error model described by Helmreich [8] is that an
unintended state is itself an important threat that
significantly increases the propensity for further
errors and additional unintended states occurring.

In commercial airline cockpits, 25 % of errors
are considered consequential: 19 % lead to an unin-
tended state, whereas 6 % of errors lead directly to
a second error [8]. This cycle of unplanned circum-
stances and errors is considered to be the stage for a
catastrophe (Fig. 13.1). Recognition of the error-
unintended state cycle requires extreme vigilance,
as each unintended state may itself not seem dan-
gerous or unfamiliar. Essentially, the gradual devia-
tion away from the planned or expected journey
should indicate that an error-unintended state cycle
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might be occurring. The over-arching goal in these
circumstances should first be to maximize safety
margins and then to problem-solve. It should be
noted that unintended states might not necessarily
be preceded by an error; they may be simply a con-
sequence of appropriate crew actions in response to
various threats (weather, terrain, external errors, for
example). A third of all flights contain unintended
states, and 5 % of landing approaches are consid-
ered to be frankly unstable [12]. One third of all
unintended aircraft states are considered to be the
end result of a chain from threat leading to error
leading to unintended state [12].

Extreme Stress

The most dangerous and extreme form of unin-
tended state is loss of situational awareness, which
is frequently evident to air accident investigators
from cockpit voice recordings. The 2009 disaster
of Air France flight 447 is an excellent example of
this [13]: complete loss of situational awareness
led a crew of three pilots stall a completely func-
tional aircraft at 38,000 ft.> When loss of situa-
tional awareness occurs, the absolute priority is to
maximize safety margins via coordinated use of all
available resources (‘“‘crew resource manage-
ment”). Problem solving then takes a second prior-
ity. Sensory and cognitive senses become highly
distorted in situations of extreme stress or fear and
behavior becomes quite unpredictable [14]; it is
for these reasons that skills such as role allocation,
task prioritization and resource utilization need to
be taught and rehearsed [12]. In Air France 447,
standard operating procedures and checklists were
ignored for the initial upstream problem [13]. Role
allocation was poor and attention of all pilots

3Icing of a pitot tube led to brief and transient loss of air
speed data and autopilot disengagement. The crew
responded with some inappropriate manual flight control
inputs which led to an escalation of unintended states,
errors and increasingly unstable flying configurations.
The crew became increasingly confused and disbelieving
of the instruments. Task-sharing and coordination of roles
was poor and even at the point of impact two pilots were
attempting to make opposite manouvres with the
side-sticks.
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turned to problem solving rather than initially
maintaining a safe flight envelope. The fully func-
tional aircraft hit the Atlantic Ocean belly first,
with a forward velocity of only 107 knots.

Effective Integration
of Crewmembers

Effective integration between cockpit members of
different rank appears to be an important aspect of
crew effectiveness, especially during high work-
load situations. The use of first person plural (we,
our, us) versus singular (I) is associated with better
performance and fewer errors [10]. This finding
probably has two facets — firstly crew familiarity,
and secondly power-distance. Cockpit members
who are unfamiliar with one another seem to be
less effective in high-intensity situations, perhaps
because of social unease. In fact, fatigued crews
whose members are known to each other perform
better than well-rested crews who are unfamiliar
[15]. Analysis of aviation accidents has revealed
that ~75 % occur on the first day of an initial crew
pairing (versus 7-30 % of all flights) [15]. Power-
distance relates to the likelihood of a subordinate
questioning their superior, and the receptiveness of
a superior to such questioning [12, 16].* A large
power-distance implies wider divides between
ranks (more autocratic), whereas a small power-
distance implies more discussion and collective
decision-making between ranks (more demo-
cratic). The latter is considered safer, and is a key
facet of crew resource management.

*In 1977, Captain Veldhuyzen van Zanten — KLM’s most
senior captain — powered up his 747 and trundled down
the runway at Tenerife without ATC clearance. The young
engineer in the cockpit realised that a taxiing Pan Am 747
may still be on the runway, and asked rhetorically whether
clearance had been given. The captain cut him short and
asserted that things were fine. They were not fine; the two
planes collided with what remains to this day the biggest
loss of life in any air accident. Ironically, Captain van
Zanten was held in such high regard as a pilot by KLM’s
executive that upon hearing about the crash they immedi-
ately sought him to lead their investigation, only to dis-
cover that he was the captain involved. The Tenerife
disaster was one of a number of high profile air crashes in
the 1970s and 1980s that highlighted the dangers of a tra-
ditional steep hierarchy.

Crew Resource Management

The aim of crew resource management (CRM) is
to train people to perform effectively in degraded
situations [12]. During training, emphasis is
placed on four behavioural indicators: ability to
cooperate, management and leadership, situa-
tional awareness and decision-making [12].
Crews develop effective cross-checking and sup-
port capabilities that reduces confusion and
enhances task allocation. Since its inception at a
NASA/Industry workshop in 1979 [9], CRM has
become a mandatory and core component of
commercial cockpit training. Whilst the efficacy
of CRM is difficult to prove, the vast expenditure
of energy and resources on CRM training by
commercial and military aviation is some testa-
ment to value [17, 18]. Analysis of recent near-
catastrophes has demonstrated exemplary CRM
skills by cockpit crew and serves as anecdotal
support of its merit.> Comparable training has
been developed for medical and surgical teams in
pediatric cardiac surgery and critical care in an
effort to learn to function with maximal effective-
ness in highly degraded and stressful circum-
stances, but the impact of such training is hard to
measure [19].

Human Error in High-Stakes
Medicine - Pediatric Heart Surgery
Experience

Investigating Mortality - “Accident
Investigation”

In the same way that early lessons in the aviation
industry were gleaned from investigating cata-
strophic accidents, we too have explored the role
of error leading up to patient deaths after pediatric
heart surgery [20]. In a retrospective analysis of

SUS Airways flight 1549 successfully landed in the
Hudson River after a double bird strike shortly after take-
off. British Airways flight 38 lost thrust on both engines at
an altitude of 720 ft during the final approach to Heathrow
and crash-landed 890 ft short of the runway. There was no
loss of life in either accident and both crews were praised
for their CRM skills during the crises.
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Fig. 13.2 Actuarial survival of 191
infants (2000-2011) with hypoplas-
tic left heart syndrome that
underwent stage-1 (S1) palliation, 80
stratified by whether or not they
were exposed to a post-operative
clinical error in management. In
risk-adjusted models, post-operative
errors were associated with
significant decrements in survival.
Other risk factors included
morphology of double inlet left
ventricle (DILV) and longer 20
cardiopulmonary bypass duration
(CPB min)

100

60

Survival %

S1 post-op
40 error

No S1 post-op
error

—

1 year: 76+3% vs 58+8%

7 years: 57+4% vs 52+8%

P =.0052

Years after S1

Risk factor
DILV
CPB min

Any post-operative error

Risk factors for death/transplant

P Reliability
.0036 84 %
.0169 81 %
.0034 67 %

all 261 deaths spanning a decade at our institu-
tion, over 50 % had identifiable errors evident in
clinical management leading up to their death.
Children with the most complex anatomy and
physiology who required complex neonatal sur-
gery (e.g. single ventricle palliation) exhibited the
highest incidence of errors (~70 %), and errors
were significantly more common during the intra-
operative and post-operative periods, which have
high-intensity workloads. This pattern is exactly
analogous to the situation in the aircraft cockpit,
where the error rate more than doubles during
periods of high workload, e.g. approach and land-
ing (~40 % of all cockpiterrors) [8]. Cardiovascular
deaths were very significantly associated these
errors made during the intra-operative and inten-
sive care windows (P~.005). When causality
between error and death was explored, approxi-
mately 40 % of all deaths were linked to an iden-
tifiable upstream error. Of these upstream errors,
~85 % were considered to be mismanaged errors
that could have been prevented or contained [20].

Retrospective Insights into High-Risk
Patients

As a next iteration, we chose to concentrate on
the highest risk patient group: those with hypo-
plastic left heart syndrome who underwent single
ventricle palliation via either a Norwood or
hybrid approach. Only 20 % of children had
error-free hospital admissions; 80 % instead
experienced one or more error at some point dur-
ing their care (median 2) [21]. The clinical phase
with the highest prevalence of errors was again
during the periods of highest workload inten-
sity — the intra-operative surgical window and the
post-operative intensive care period. Although no
direct link between errors and unintended states
(or complications) was made during this retro-
spective investigation, children whose post-
operative journeys contained one or more
identifiable error exhibited long-term survival
decrements ~15 % below those who were error-
free (Fig. 13.2).
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Syndrom

Provious interventions

None

ECMO
Chestopen |

Intubated

Fig. 13.3 Representative illustration of a patient “flight”.
Children are tracked from the point of admission, during
which investigations are undertaken to confirm diagnosis.
Management strategies are then decided before an opera-
tion is undertaken, usually involving cardiopulmonary
bypass (purple). Longer CPB duration is considered to
represent greater risk for the patient. When the patient
arrives on intensive care (blue), the child will gradually
pass through reducing stages in risk: the highest being on

“Fly-on-the-Wall” Insights
in Patients’ Journeys

In order to gain further insight into the role of error
across all patients (including the ~97 % majority
who survived), we have instigated a real-time
assessment of patient care in order to identify
errors and their interplay with perceived threats.
This is not directly representative of fly-on-the-
wall line audit assessments of airline cockpit crew
[6, 22], but instead involves continuous scrutiny of
every patient’s clinical care by a third party, which
is then reviewed weekly in an open forum to gain
consensus. Prior to every operation, each child has
a “flight plan” published, which details potential
threats and stipulates the operative intentions. We
then model the patient’s path through their

Still on ward
Failed Wound
extubation infection
UPS UPS

artificial heart-lung machines (ECMO) and the lowest
being extubated and simply on medications. The child
will then transfer to the ward (green), prior to being dis-
charged. Risk is the y-axis, and time is the x-axis. Various
threats (7), latent threats (LT), errors (E) and unintended
patient states (UPS) are tracked on the graphs, and linked
together if related. Permanent outcomes (persisting com-
plications) and deaths are also indicated and linked to
upstream UPS or E

operative and post-operative course, until the point
of discharge from hospital, in a graphic broadly
representative of an aircraft’s flight (Fig. 13.3). We
term their in-hospital journey a “flight”. Risk is
depicted on the y-axis, and time proceeds along
the x-axis. In reviewing the classification of threats
and errors used by Helmreich’s group [8], it was
immediately apparent that threat and errors in the
aviation industry have direct correlations in the
surgical specialties (Table 13.1), and we therefore
use these classifications. As the child passes along
their operative and post-operative journey, threats
and errors can be marked on their graphic, together
with unintended states and the final outcome.

Of 524 consecutive patient “flights”, the oper-
ative team had to manage 761 identifiable threats
in 364 (70 %) patients [23]. Of all 761 threats,
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14 % (N=105) were mismanaged in that they
were linked to a subsequent error. However,
errors resulting from mismanaged threats were
actually the minority of all 430 errors — 82 % of
all errors (356/430) actually appeared to occur de
novo with no obvious upstream threat identified.
Errors were “consequential” in 66 % of cases, in
that they led to an unintended state — a deviation
from the expected path for that particular child.
These unintended deviations from the pre-
operative plan are not necessarily dangerous in
themselves, and indeed in 40 % of cases no fur-
ther error or unintended deviation occurred: i.e.
the situation did not escalate and the original
error was rescued or contained. However, in
60 % of consequential errors, the unintended
patient state led to a further error and/or a further
unintended deviation: i.e. the situation escalated
and a cycle of errors/unintended states was
occurring. Exactly in accordance with the threat
and error model developed by the NASA-Ames
research teams and University of Texas, these
cycles of error and unintended states are danger-
ous. They can easily amplify and lead to catastro-
phe and therefore need to be rescued. Indeed in
our model of pediatric cardiac surgery, such
cycles were highly significantly associated with
residual haemodynamic lesions, end-organ injury
and death (all P<.0001) [23]. Deaths were
almost always preceded by upstream cycles of
error and unintended patient states in 85 % of
cases, which is remarkably similar to the propor-
tion of commercial air accidents that have identi-
fiable cycles of human error and unintended
aircraft states upstream [23].

Summary

In our initial investigations outlined above,
exactly 50 % of all patient “flights” contained at
least one error somewhere during their care, and
two-thirds of these errors were “consequential”,
leading to an unintended state. Of these conse-
quential errors, 60 % then led to cycles of error-
unintended state. Therefore, an alarming 104/524
(20 %) of all patient flights contained such cycles,
which we now understand to be dangerous.

E.J. Hickey et al.

Breaking these cycles requires extreme vigilance
in order to recognize when one is in a cycle, fol-
lowed by conscious attempts to rescue the situa-
tion. For effective rescue, there are certain lessons
that can be drawn from the airline industry, all of
which are independent of individuals’ technical
skills, knowledge and expertise. The initial
actions should all be aiming to maximize the
safety margins for the patient. Only subsequently,
once the safety margins have been increased,
should problem-solving attempts be made.
During rescue attempts, all available resources
should be utilized to best effectiveness using the
principles of crew resource management. Clear
role allocation leads to effective task-sharing and
allows individuals to focus on discrete tasks. The
rapid increase in workload during a dangerous or
confusing situation can rapidly lead to degrada-
tion in the quality of communication and coordi-
nation between pilots in a cockpit, and the same
is true during the medical emergencies.

Our performance rounds provide a forum to
debrief and learn from cycles of error-unintended
states. Possible and real errors across the flight
path, the continuum of care for each patient, are
gathered and displayed for each patient. The inter-
relation between errors becomes clear, with open
and multidisciplinary input enabling frank discus-
sion about preventative measures and potential
changes in management paradigms. Importantly,
these conversations serve as a platform for gather-
ing a central memory to avoid repetitive errors.

Key Principles of Effective Crisis
Management

The key principles of effective threat and error
management are anticipation, recognition and
recovery. As outlined here, high-stakes industries
with exemplary 6-c safety records exhibit
“chronic unease” and a preoccupation with pos-
sibility of failure. They promote a culture of con-
tinuous vigilance, communication and
problem-solving. They expect personnel to make
errors, and embrace a systems approach by
encouraging non-punitive reporting to under-
stand the root cause of threats and errors. They
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train their workforce to predict and recognize
errors. They plan and rehearse recovery from
dangerous situations. When deviations from the
planned circumstances occur, however seemingly
benign, heightened vigilance for cycles of error
and further deviations helps to contain the situa-
tion and prevent loss of situational awareness.
However, when the latter does occur, emphasis is
placed on:

Recover first, analyze later

Initial priority to maximize safety margins
Task allocation

Adherence to standard procedures or
guidelines

Clear communication and cross-checking
Verbally acknowledge and review all avail-
able data

Problem-solve only once
maximized

initial safety
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Abstract

Indicators of quality services in pediatric and congenital echocardiogra-
phy include structural, process, and outcome factors. Structural indica-
tors involve the available resources related to the facility, the equipment,
and the staff. Process indicators relate primarily to the activities and
tasks associated with echocardiography, and these include patient selec-
tion as well as study performance, interpretation, and reporting. Outcome
indicators involve the results of quality services and are intimately
related to quality improvement activities as well as quality metrics.
Current quality improvement activities in the field of pediatric and con-
genital echocardiography include development of the accreditation pro-
cess for sonographers, physicians, and echocardiography laboratories;
evaluation of productivity standards within echocardiography laborato-
ries; identification of appropriate use criteria specific to pediatric and
congenital echocardiography; and establishment of a robust database of
normal reference values for cardiovascular measurements in children.
Candidate quality metrics currently in development involve reporting of
critical results, adverse events with sedated studies, variability of echo-
cardiographic measurements, diagnostic errors, study completeness, and
image quality.

L. Lopez, MD, FASE, FACC, FAAP
Department of Pediatrics, Albert Einstein
College of Medicine, Children’s Hospital
at Montefiore, 3415 Bainbridge Avenue,
Rosenthal 1, Bronx, NY 10467, USA
e-mail: llmd @1lmd.net

PR. Barach, J.P. Jacobs, S.E. Lipshultz, P.C. Laussen (eds.), 197
Pediatric and Congenital Cardiac Care: Volume 2: Quality Improvement and Patient Safety,
DOI 10.1007/978-1-4471-6566-8_14, © Springer-Verlag London 2015


mailto: llmd@llmd.net

198

Keywords

L. Lopez

Pediatric echocardiography ¢ Congenital echocardiography ¢ Quality
improvement ® Structure indicators ® Process indicators ® Outcome indicators
* Quality metrics * Productivity standards ® Appropriate use criteria ® Pediatric

reference values

Introduction

Echocardiography (echo) is the primary noninva-
sive diagnostic modality for patients with
acquired and congenital heart disease (CHD).
Quality improvement (QI) efforts in echo have
become crucial components in the delivery of
health care to these patients [1, 2]. According to
recommendations for quality echo laboratory
operations published by the American Society of
Echocardiography (ASE), quality “can be mea-
sured as adherence to established guidelines for
the use of a technology to ensure patient satisfac-
tion and outcomes” [2]. Hence, QI initiatives
must necessarily involve quantifiable changes in
structure and process in order to effect changes in
outcome with the following goals: to decrease
variations in practice, provide appropriate care,
and diminish waste in terms of technical and
human resources, thereby optimizing results [3].

The use of echo in children has increased
tremendously over the past several decades,
mostly because of advances in imaging technol-
ogy and improved understanding of cardiovas-
cular pathophysiology. However, QI initiatives
in this population have been limited, especially
in comparison to similar activities in adult echo.
Historically, the wide variation in terminology
and methodology and the absence of standard
performance and reporting practices have pre-
cluded the establishment of quality standards
in children. Efforts by the ASE, the European
Association of Cardiovascular Imaging (EACVI),
the Intersocietal Accreditation Commission
(IAC), the American College of Cardiology
(ACC), the American Heart Association (AHA),
the Pediatric Heart Network (PHN), and the
International Society for the Nomenclature
of Paediatric and Congenital Heart Diseases
(ISNPCHD) have created frameworks to iden-
tify QI indicators and develop quality metrics in

Table 14.1 Quality indicators in pediatric and congeni-
tal echocardiography
1. Structure
(a) Facility
(b) Equipment
(c) Staff
2. Process
(a) Patient selection
(b) Study performance
(c) Study interpretation
(d) Study reporting
3. Outcome
(a) Death
(b) Disease
(¢) Discomfort
(d) Disability
(e) Dissatisfaction

Table 14.2 Quality initiatives in pediatric and congeni-
tal echocardiography
1. Accreditation
(a) Sonographers
(b) Physicians
(c) Echocardiography laboratories
2. Productivity standards
3. Appropriate use criteria
4. Normal reference values
5. Quality metrics
(a) Reporting for critical results
(b) Adverse events with sedated echocardiograms
(c) Variability in pediatric echocardiographic
measurements
(d) Diagnostic errors
(e) Study completion
(f) Image quality

pediatric and congenital echo. This chapter will
evaluate structure, process, and outcome indica-
tors for quality in the pediatric and congenital
echo lab (Table 14.1) and focus on current and
future QI initiatives, including the development
of quality metrics specific to the pediatric and
congenital population (Table 14.2).
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Structural Indicators

Structural indicators refer to the type and amount
of resources needed to provide quality echo ser-
vices [3], specifically in terms of the facility, the
equipment, and the staff.

Facility

Determinants of quality services within the facil-
ity include the physical space, availability of
patient privacy, patient volume, and daily work-
flow. How big is the echo lab? How many exami-
nation rooms are available? Does the physical
space account for patient privacy? How much
time is allotted for each study? How many
patients can the facility accommodate at any
time? How many patients are evaluated in the
echo lab every year? What happens when studies
are being performed? How is supervision pro-
vided to sonographers and fellows within the
facility’s physical space and daily workflow?
Where and how are the studies reviewed?

Equipment

Equipment maintenance, software, and safety
practices certainly play important roles in the
provision of quality services. How many echo
machines does the facility have? Are the machines
old or new? Is all the necessary software for the
machines and for the digital echo system updated
to the most recent version? Are all the machines
and other equipment compliant with standards
from The Joint Commission? Are they compliant
with IAC standards?

Staff

Lastly, staffing indicators involve individual
responsibilities and workload in the context of
established benchmarks. Are the clinical and
administrative responsibilities clearly delineated
within the echo lab? Who manages the work-
flow? Who provides supervision? Are there sys-
tem checks to assure that workload is not
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excessive and not associated with increased
errors? Does the echo lab meet established
benchmarks in terms of staffing responsibilities
and workload?

Process Indicators

Process indicators involve the activities and
tasks needed to provide quality echo services
[3]. The components of an echo that serve as
indexes of quality include patient selection,
study performance, study interpretation, and
study reporting [1].

Patient Selection

Quality assessment as it pertains to patient
selection necessarily involves the reported
indication and its appropriateness. In 2007, the
ACC Foundation, ASE, and five other subspe-
cialty societies published a report on appropri-
ate use criteria (AUC) for transthoracic and
transesophageal echo studies in adults orga-
nized by indication categories and based on
specific methodology developed by the RAND
Corporation and researchers from the University
of California, Los Angeles [4]. Only 4 years
later, the same group along with three additional
organizations drafted a revised AUC document
to include criteria for stress echo, to account for
changes in clinical practice and test utilization
patterns, and to address deficiencies in the origi-
nal publication [5]. Combining evidence-based
medicine and practice experience data dur-
ing the vetting process, the new document lists
over 20 categories and almost 100 indications
for transthoracic echo, each one categorized as
appropriate, inappropriate, or uncertain criteria,
and it has become an important component of
the TAC guidelines and standards for adult echo.
A similar document does not exist for pediat-
ric echo, mostly because of the potential for a
significantly extensive list of indications, espe-
cially if the criteria need to be specific for each
CHD. Interestingly, the 2011 document lists
7 indications for adult CHD with only 4 being
labeled as appropriate.
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Fig. 14.1 Non-standard echocardiographic views for spe-
cific lesions: (a) “en face” or “in-between” view in subcos-
tal windows of a complete atrioventricular canal depicting
a cross-section en face view of the common atrioventricu-
lar valve, usually obtained at a plane between the long-axis
and short-axis subcostal view; (b) right axial oblique view

Study Performance

Another important indicator involves study per-
formance, which is determined primarily by
established guidelines and standards, individ-
ual lab protocols, and sonographer knowledge.
Publications outlining recommendations based
on expert consensus certainly provide a frame-
work in which to assess study performance
quality. Over the last 4 years, the ASE has pub-
lished over 15 guidelines documents encom-
passing such topics as diastolic function [6],
prosthetic valves [7], right heart evaluation [8],
cardiac mechanics [9], and 3-dimensional echo
[10], but all of these documents pertain only to
studies performed in adults. Nevertheless, the
ASE has published 5 pediatric documents since
2004 establishing recommendations pertain-
ing to the performance of a pediatric echo [11],
quantification methods during a pediatric echo
[12], performance of a pediatric transesopha-
geal echo [13], performance of a fetal echo [14],
and targeted studies in the Neonatal Intensive
Care Unit [15].

in subcostal windows of tetralogy of Fallot depicting the
right ventricular inflow and outflow as well as the anterior
deviation of the conal septum, usually obtained with coun-
terclockwise rotation of the probe from the standard long-
axis subcostal view (Ao aorta, LV left ventricle, PV
pulmonary valve, RV right ventricle, TV tricuspid valve)

Study performance within an echo lab is
dependent on protocols that are based on pub-
lished guidelines and standards, but the specific
contents of the protocols must be established in
the context of local culture, clinical practice, and
experience. Many centers have developed lesion-
specific echo protocols in an effort to prevent
sonographers from forgetting the most important
aspect of each lesion during the performance of
a study, definitely contributing to quality echo
services.

General and local algorithms for study per-
formance enhance sonographer knowledge, but
this knowledge also depends on experience and
education. It definitely requires experience to
know when non-standard views are needed to
evaluate specific lesions, such as complete atrio-
ventricular canal defects or tetralogy of Fallot
(Fig. 14.1). From an education standpoint, all
sonographers must attend ultrasound school, but
only a few schools have established a specific
pediatric or congenital curriculum. Hence most
sonographers begin working in a pediatric echo
lab with minimal knowledge and experience, and
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Fig. 14.2 Variable echocardiographic presentation of
subvalvar aortic stenosis based on the pathophysiology
and associated anomalies: (a) isolated subvalvar aortic
stenosis (star) revealing turbulence in flow along the area
of obstruction; (b) subvalvar aortic stenosis (star) in asso-
ciation with a ventricular septal defect, an interrupted aor-
tic arch, and a large patent ductus arteriosus (the last two
lesions are not shown) revealing absence of turbulence

their improvement is usually dependent on learn-
ing from senior sonographers and physicians. In
addition, the infrastructure must ensure continu-
ing education with regular didactic sessions at the
center as well as at local, regional, and national
conferences.

Study Interpretation

Physician knowledge is the most crucial determi-
nant of quality interpretation of studies. As with
sonographer knowledge, this is dependent on
education and experience. The Accreditation
Council for Graduate Medical Education
(ACGME) is fairly specific in terms of the body
of knowledge needed during the training of pedi-
atric cardiology fellows [16]. In addition, the
ACC Foundation, AHA, and American Academy
of Pediatrics (AAP) have established training
guidelines for pediatric noninvasive cardiac
imaging with very specific goals for core and
advanced imaging skills [17]. In fact, many of the

along the subaortic region because of left-to-right flow at
the ventricular septal defect and right-to-left flow at the
patent ductus arteriosus; in this instance, there is still sig-
nificant obstruction along the subaortic region despite the
absence of turbulence because of the pathophysiology of
the associated lesions (Ao aorta, LA left atrium, LV left
ventricle, RV right ventricle, VSD ventricular septal
defect)

major clinical centers in North America have
developed 4th year advanced imaging fellow-
ships for trainees who want to focus specifically
on echo or some other aspects of noninvasive
imaging.

The role of experience in developing physician
knowledge cannot be stressed enough. Experience
allows one to understand how variants of abnor-
mal physiology can have different effects on
abnormal morphology, such as the presentation of
subaortic stenosis as a solitary lesion or in associa-
tion with a ventricular septal defect and an inter-
rupted aortic arch (Fig. 14.2). Experience is crucial
in the diagnosis of rare anomalies such as a persis-
tent Sth arch or a retro-aortic innominate vein
(Fig. 14.3). In fact, the ACGME as well as the IAC
and other regulatory bodies are quite specific in
terms of the target number of studies for trainees
prior to graduating from a fellowship program and
for echo physicians as part of the echo lab accredi-
tation process [1, 16, 18].

The quality of study interpretation is also
determined by validation activities within an
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Fig. 14.3 Rare anomalies: (a) persistent 5th aortic arch
(star) revealing two aortic arches coursing from right to
left (in contrast with a double aortic arch where one arch
courses to the right and the other to the left); (b) retro-
aortic innominate vein which courses behind the ascending

echo lab to evaluate the accuracy and repeatabil-
ity of echo findings and measurements. Many
reports have been published comparing echo
diagnoses with data from other modalities (such
as cardiac magnetic resonance imaging, com-
puted tomography imaging, and cardiac catheter-
ization) as well as findings in the operating room
during surgery [19-22]. More recently, other
publications have evaluated multi-acquisition,
intra-observer, and inter-observer variability for
echo measurements and have shown that some
measurements are more prone to poor repeatabil-
ity than others, even with multiple heart beat
averaging [23]. The IAC has developed specific
recommendations for quarterly correlation
assessments (to compare echo findings in specific
instances with results from other modalities and
from the operating room) and variability assess-
ments (to evaluate the repeatability of specific
measurements performed during an echo) [18].

Study Reporting

The reporting of echo findings has certainly been
fraught with problems, particularly in terms of

aorta and is seen as two vessels in cross-section below the
aortic arch in suprasternal long-axis views (the second
vessel is the right pulmonary artery) (AAo ascending
aorta, LIV left innominate vein, RPA right pulmonary

artery)

the inconsistent terminology and coding systems
for CHD. Controversies in nomenclature origi-
nate partly from the different approaches used to
describe the morphology of cardiac malforma-
tions and their variants, such as seen with hetero-
taxy syndrome [24]. In the current era of digital
echo, individual diagnoses and procedures are
coded within the structured reporting platform
of each system, and the organization of codes
is usually customizable and frequently based on
consumer preference. Therefore, although data-
bases of echo diagnoses have been established at
individual institutions, the ability to share data
between centers can be quite limited, especially
if each center uses a different digital echo ven-
dor and creates its own customized structured
reporting platform. The varied and heteroge-
neous coding systems that are currently in use
include multiple American and European codes
created by pediatric cardiology or cardiac surgi-
cal organizations, codes from the 9th, 10th, or
11th revision of the International Classification
of Diseases (ICD-9, ICD-10, or ICD-11) devel-
oped by the World Health Organization, and
the Current Procedural Terminology (CPT)
codes established by the American Medical
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Association. Efforts by the ISNPCHD to
cross-match these codes have resulted in the
International Pediatric and Congenital Cardiac
Code, which now provides a framework in which
to establish a common diagnostic and procedural
coding system [25, 26].

Another issue relevant to quality reporting
involves the standardization of reports within an
institution, usually involving a description of rel-
evant positive and negative findings organized in
a segmental fashion, a list of all measurements
along with reference values based on the patient’s
age and body size, a summary of the patient’s
clinical history, and a hierarchical summary of
the important findings during the evaluation. In
addition, local standards must be established in
terms of turnaround time (time from study com-
pletion to report completion), reporting of criti-
cal findings to relevant health care providers,
automatic distribution of reports to appropriate
physicians and inpatient locations within the
institution, and their incorporation into the medi-
cal records. Again the IAC has developed spe-
cific recommendations and guidelines for study
reporting that are important components of the
accreditation process for an echo lab [18]. Lastly,
reports should provide recommendations if other
modalities are needed to establish or confirm a
diagnosis, thereby functioning as the 1st step in
deciding what interventions if any are needed for
a specific patient.

Outcome Indicators

Outcome indicators evaluate the states of health
or events resulting from quality echo services,
and these generally refer to death, disease, dis-
comfort, disability, and dissatisfaction [3]. The
QI initiatives must follow caveats established by
the Institute of Medicine, specifically that they
are safe, effective, patient-centered, timely, effi-
cient, and equitable [27]. Current QI initiatives in
pediatric and congenital echo have involved cer-
tification, productivity standards, AUC for pedi-
atric echo, pediatric reference values for standard
echo measurements, and quality metrics specific
to pediatric echo.
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Certification

The process of assessing competency as well as
adherence to established standards in pediatric
and congenital echo has been addressed for
sonographers, physicians, and echo labs. The two
major organizations involved with sonographer
certification in the United States are the American
Registry for Diagnostic Medical Sonography and
Cardiovascular Credentialing International. Both
have recognized that the skills and knowledge
necessary to be a congenital sonographer are dif-
ferent than those necessary in adult echo, thereby
establishing distinct and specific registry require-
ments for those practicing pediatric and/or con-
genital echo. In addition, both organizations have
developed qualifying examinations using rigor-
ous psychometric methodology to certify con-
genital sonographers.

A similar certification process exists for physi-
cians interpreting adult echo studies with a quali-
fying examination developed by the National
Board of Echocardiography. However, a similar
certification examination does not exist for physi-
cians involved with pediatric echo in the United
States. Interestingly, the EACVI has developed a
CHD certification involving a written examination
testing standard knowledge of pediatric and con-
genital echo as well as individual documentation
of cumulative clinical experience with CHD [28].
Over the past 7 years, 90 registrants have been cer-
tified in CHD after passing the examination (which
has a pass rate of approximately 75 %), submitting
a logbook of CHD cases and direct observation
reports of procedural skills.

The major organization involved with certifi-
cation of echo labs in North America has been the
IAC. Since its creation in 1996, it has developed
and established minimum standards for accredita-
tion of pediatric echo labs in terms of instrumen-
tation; facility; procedure volume; indications,
ordering, and scheduling; techniques; study com-
ponents; interpretation and reporting; and quality
assurance [18]. TAC statistics at the end of 2012
reveals over 3,000 accredited echo labs and almost
5,000 accredited sites, with 190 labs certified for
pediatric transthoracic echo, 59 for pediatric
transesophageal echo, and 98 for fetal echo.
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Because of the successes of its own physician cer-
tification process as well as the work done by the
IAC, the EACVT has recently established its own
lab accreditation process, now having certified
over 35 labs since 2009. However, an accredita-
tion application for pediatric echo labs has not yet
been established at this time.

Productivity Standards

Structural quality indicators include knowledge
of benchmarks in terms of echo lab staffing
responsibilities and workload. The IAC has
required that each pediatric transthoracic echo
study be allotted 45—60 min from patient encoun-
ter to departure [18], but data regarding optimal
time allotment for study performance and inter-
pretation are lacking. Recent efforts by members
of the ASE Pediatric and CHD Council have
involved a survey of North American pediatric
echo labs and analysis of the data to establish
productivity standards for centers caring for chil-
dren with acquired and CHD. These standards
include daily and annual data on sonographer and
attending physician productivity as well as equip-
ment and technological needs based on the total
number of studies done at each site per year, find-
ings that will be published in the near future.

Appropriate Use

Given the absence of AUC in pediatric echo and the
potentially overwhelming challenge of creating a
comprehensive list of lesion-specific indications,
a recent initiative from the ACC AUC Task Force
has focused on the more manageable task of identi-
fying AUC for pediatric echo studies in the outpa-
tient setting. Utilizing the RAND methodology and
working in conjunction with the ASE, Society of
Pediatric Echocardiography, and AAP, the writing
group for this initiative has established indication
categories, definitions, and assumptions involved
with drafting the AUC. Indication categories include
symptoms and signs such as palpitations, syncope,
chest pain, and murmurs as well as family history
and systemic disorders with cardiovascular
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manifestations. The list of indications, definitions,
and assumptions is currently undergoing several
rounds of review by an external expert panel, and
the manuscript will be published in 2014. Once
published, the document will serve as a framework
for the development of other AUC in pediatric echo.

Reference Values

Study interpretation also involves the ability to dis-
tinguish normal measurements from abnormal
ones, especially since many disease states can have
a significant effect on the sizes of cardiovascular
structures. However, the sizes of cardiovascular
structures in children are affected by body size,
age, gender, and race [29-31], and measurements
should be adjusted for the effects of these con-
founders in order to determine normal reference
values. A common tool used to present normal data
involves Z-scores, which represent the number of
standard deviations a measurement value is from
the mean value for a particular parameter or set of
parameters (such as body surface area, age, gender,
and/or race). Currently available reference values
have been established at single centers [32, 33] and
are limited by relatively small sample sizes and a
paucity of neonatal data [34], and most databases
do not account for the effects of gender and race. In
fact, Z-scores for a particular measurement and
body size can vary significantly, dependent on
which Z-score database one uses [34]. In an effort
to address these limitations, the PHN, a multicenter
program funded by the National Institutes of Health
to evaluate issues in pediatric cardiology and car-
diac surgery, has utilized the pediatric quantifica-
tion guidelines [12] to develop a large multicenter
database of measurements from normal children.
This initiative will then establish universally avail-
able normal reference values (Z-scores) adjusted
for the effects of body size, age, gender, and race.

Quality Metrics
The ACC has recently established a task force to

measure QI in all aspects of pediatric cardiology,
including a subgroup team to develop and define
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quality metrics in noninvasive imaging. The team
has identified six areas in noninvasive imaging
where quality assessment would be quite valuable,
and the specifications for each metric are currently
being drafted. The first metric involves compre-
hensive quantification of diagnostic echo errors
within an institution using a recently published
taxonomy system to categorize pediatric echo
errors based on type, severity, preventability, and
cause [35]. Most centers establish periodic QI
meetings to discuss errors identified ad hoc during
a specified period of time without a standard
approach, and this quality metric should help cen-
ters organize the data. The other quality metrics
include timing to report critical findings, adverse
events during a sedated echo, variability in com-
mon echo measurements, study completeness, and
image quality. Challenges to this initiative have
included the paucity of published data and the fact
that methodologies and technology are both evolv-
ing, often resulting in changes in the measurable
parameters. The biggest issue for all metrics is fea-
sibility: no one will use a metric which requires an
unreasonable amount of time and manpower,
especially in this era of limited resources. Lastly,
each metric must be meaningful (the sample size
must be big enough to represent the center’s level
of quality) and tied to outcomes.

Conclusions

There have been few QI initiatives in pediatric
cardiac noninvasive imaging despite the
significant attention that QI has received in
the field of adult echocardiography. However,
recent efforts by multiple pediatric and con-
genital organizations and societies (including
the ASE, EACVI, ACC, and PHN) have
resulted in increased QI activities. Quality
indicators can be categorized as structural,
process, or outcome indicators. Structural
indicators involve components of the facility,
equipment, and staff. Process indicators are
related to patient selection as well as study
performance, interpretation, and reporting.
Current QI initiatives in pediatric and
congenital echo fall in the realm of evaluating
and addressing outcome indicators, and some
of the more important ones include work with

accreditation, productivity standards, AUC,
normal reference values, and the develop-
ment of quality metrics specific to pediatric
and congenital noninvasive imaging.
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Abstract

Quality in pediatric cardiology is in an evolving process where clinicians
and researchers have access to large registries and databases allowing them
to understand and develop more effective cardiac procedures, whilst moni-
toring outcomes. It is important that the information relating to outcomes is
published and shared to ensure that this evolution continues and we learn
from the shared international experiences. It is important that we incorpo-
rate the views and experiences of the patient and the families firmly into our
quality measures and quality improvement program.
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Introduction

Over the last 30 years, we have witnessed vast
clinical improvements in patients with congenital
heart disease. Many of these areas are discussed
in more detail in other chapters, however, we will
touch on them briefly, as improving clinical out-
comes in pediatric cardiology is centred on bring-
ing together each of these advances and applying
them to patient care.

Clinical knowledge is one of the key elements
of improving the outcomes of patients with con-
genital heart disease (CHD). The work done by
morphologists in expanding our knowledge and
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understanding of congenital cardiac morphology
has meant that operations and procedures are per-
formed nowadays with less mortality, morbidity
and fewer complications than previously. A vast
number of case studies, series and original research
articles have been produced over the last few
decades and this research has covered topics from
basic science through to longitudinal studies of
disease cohorts. All have contributed to the wealth
of knowledge, which is shared and used on a daily
basis to deliver the best care for our patients.

Role of Databases and Registries

Collecting data on the outcome measures is a
major undertaking and can only be supported
with the use of databases and registries. Many
countries around the world have national pro-
cedural databases or registries, which are fairly
well developed and continue to develop with
input from clinicians. They reflect the improve-
ments in clinical outcomes over time and across
nations. Some examples are data collected by the
Society of Thoracic Surgeons [1] (STS) database
in the United States or the EACTS [2], (European
Association of Cardiothoracic Surgeons). The
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United Kingdom has a fully validated congenital
procedural database, National Congenital Heart
Disease Audit (NCHDA), which has been in place
since 2000. The output of this database has been
in the public domain and the information gener-
ated has led to improvements in pediatric cardiol-
ogy. This can be seen as more resources have been
allocated to antenatal diagnosis. More children
and infants, who require surgery in the first year
of life, are now diagnosed antenatally. This great
improvement however, is not uniform across the
whole of United Kingdom [3] (Fig. 15.1).

A funnel plot showing performance by UK
regions suggests that the London region is perform-
ing better but in actual fact there are pockets of large
quality variation and uneven detection as seen in
Fig. 15.2. When we look at improving quality, there
is a clear target for our energy and limited resources
to drive improvements in a more focussed way.

The major limitation of many of these data-
bases is that they focus only on those patients,
who have operative or interventional procedures.
Most nations do not have comprehensive con-
genital heart disease registries. This information
is often held in local unit systems only, as a result
of which we lack a true understanding of the real
disease burden. This issue has a real impact as it

¢ Region
~—— National
—— UCL

London

35% - Nlreland N Egst
30% - Q Q
25% -
20% A
15% A
10% -
5% 4
0%

S Centr
Q

Scotland

SWest—Yorks & Humbet
East

West
N Midlands

— LCL

Q

Overseas

0 100 200

300

400 500

Fig.15.1 Antenatal Funnel plot by UK region for the financial year 2010-2011



15 Improving Clinical Outcomes in Pediatric Cardiology

2N

Antenatal diagnosis April 2006 - M

2011- greater London

LEGEND | _
% of patients é
Emoi5% §
0% 3
Bl 10-15% o
B 1520% |
BN 20-25% |3
25-30% |3
30-35% =

B 35-40% g
B 40-45% <
I 45-50 % g
W 50-55% <
o

Fig. 15.2 Antenatal diagnosis in greater London between 2006 and 2011. This figure demonstrates the variation of

antenatal diagnosis in Greater London

limits our understanding of the true epidemiol-
ogy of the congenital heart disease and the impact
over the patient lifetime. Sweden acknowledged
this deficiency a few years ago and amended its
registries for GUCH (Grown-up Congenital
Heart Disease) and surgery, to include all chil-
dren with congenital heart disease (Swedcon) [4]
to answer the questions about lifelong illness and
its burden. In its annual report in 2011, the
Swedcon registry identified 35,974 patients in its
registry, 6,125 patients, who should have been
seen in a GUCH centre, but had not done so. This
represents 17 % of the total in the Swedcon reg-
istry. This information is of vital importance in
ensuring ongoing good quality of care [5]. No
information is available, on how many of these
patients may have moved overseas or who may
have died in the period during transition.
Clinicians have recognized the need for stan-
dard nomenclature for both surgical and diagnostic

coding. During the early part of the last decade,
clinicians worked together to cross-map and
define a common coding set, which combined
several European and North American nomen-
clatures into one which is the International
Pediatric and Congenital Cardiac Code (IPCCC)
[6, 7]. This harmonisation has allowed interna-
tional collaborators from STS, EACTS and
NCHDA to work on comparing outcomes for sur-
gical and interventional procedures [8].
In-hospital care has significantly changed
since the 1980s. These changes have delivered
improvements for patients in pediatric cardiology
based around three key areas:
e Teamwork
* Technology
¢ Quality of Care
Care in hospitals is delivered to the patients by
many teams from different specialities, all work-
ing together to deliver excellent healthcare. Gone



212

are the days when one doctor/surgeon was solely
responsible for the care of the child. With the
increasing complexity of surgery, patient care and
expectations, the success stories are in no small
part due to the comprehensive and co-ordinated
working of many different specialities. It is com-
mon practice in major units for multidisciplinary
teams to meet, discuss, plan and deliver joined up
co-ordinated care, as can by the department pro-
files of major cardiac units [9—12]. The key to this
is effective communication, which ensures that
the whole team understands its role and works to
deliver the best care and produce the best out-
comes for the patients. In pediatric cardiology,
such an approach has also led to the development
of subspecialization. Experts in imaging, cardiac
catheter interventions, congenital cardiac surgery
& cardiac intensivists have all become an integral
part of the team delivering care and producing
outcomes demanded by the regulators and the
patients. Indeed, within each subspecialty, smaller
teams have evolved who become adept at dealing
with more rare defects. In parallel, there has been
the development of clinical skills within the nurs-
ing teams, whose roles are often developed
through specific university courses and clinical
based competencies.

Improvement in technology has occurred
almost hand in hand with the development of
multidisciplinary team working. Technology
influences every aspect of the delivery of care.
Over the last 30 years, major advances have been
seen in imaging. Currently, three-dimensional
echocardiography, magnetic resonance imaging
and computerized tomography are routinely used
and are rapidly replacing the need for cardiac
catheterisations for the purposes of diagnosis in
many units. Surgeons in particular and interven-
tional cardiologists have achieved greater under-
standing from these imaging modalities of the
complex defects they treat. Furthermore, image
storage has moved from videotapes to CD/DVD
technology and digital server based archiving,
which ensures that images are available, when-
ever and wherever they are needed. In the internet
age, for the clinicians in the United Kingdom, the
ability to share secure images through the
National Health Service (UK) Image Exchange

S.A. Qureshi and T. Witter

Portal, a secure transfer portal via an encrypted
network, has meant that secure transfer of images
in a timely fashion is available.

In addition to the use of the internet is the abil-
ity to provide telemedicine. Telemedicine has the
ability to allow rural communities and local clini-
cians access to specialist advice, which may pre-
viously have necessitated long and expensive
journeys for the patients. In the past, telemedicine
was an expensive and limited option. With the
reduction of the costs for setting up and running
telemedicine facilities, it has become a more real-
istic option [13]. Other advances include home
monitoring programs, which allow clinicians to
monitor remotely certain high-risk group of
patients (such as hypoplastic left heart syndrome,
HLHS) for signs of early deterioration, so that
appropriate and timely admission/intervention
can be instituted. These programmes have been
shown to reduce interstage mortality in cases in
whom staged surgical management is needed.
Interventional cardiology was in its infancy 30
years ago. With technological advances, all types
of devices, in different shapes and sizes, are avail-
able to treat many cardiac defects. Cardiac pace-
makers have developed over a similar period with
improvements in their battery life and size, result-
ing in the ability to treat more patients from an
earlier age. In the last decade, other advances such
as hybrid procedures have allowed the highest
risk patients to undergo palliative combined surgi-
cal/interventional procedures with lower associ-
ated risks. Transcatheter valve implantation is a
clear improvement in quality of care, by reducing
the number of open heart procedures a patient
may have over the lifetime and by avoiding the
need for anticoagulation therapy, with its associ-
ated complications.

Videoconferencing technology has become a
mainstream tool and has allowed clinicians to
connect and discuss patients with all of the infor-
mation and many of the commercial systems
available incorporate content sharing. Obtaining
a second opinion of a patient can now be done in
the virtual presence of colleagues anywhere in
the world. This has to be to the greater benefit of
the patients and to the increasing expertise and
learning of experts.
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Quality of Care

When looking at quality improvements, many of
us think of outcomes in terms of mortality from
the procedures and this is a well-established
marker nationally and internationally. However
due to differences in the datasets, comparisons
between international cohorts may be more diffi-
cult. The UK national database is the only one in
the world, which has an annual validation of the
complete procedural activity. Work aimed at har-
monising and collaborating across international
borders is in its infancy. Technological advances
have led to the ability to treat more severe and
serious defects, but at a cost both to the health-
care services and to families. Over the last two
decades, healthcare providers have been forced to
deliver higher quality services within an ever
decreasing healthcare budget. Length of hospital
stay has a significant impact as longer lengths of
stay may mean an increased risk of hospital-
acquired infections, in addition to an increase in
costs. Low rates of hospital acquired infections
such as methicillin resistant staphylococcus
aureus (MRSA) may be seen as a gross marker of
good quality.

Similar analogies may be applied within pedi-
atric cardiology to post-operative complications,
such as the rates of surgical site infections and
readmission to intensive care units after previous
treatment. We are still faced with the global issue
of consensus of how to measure these critical
quality measures and to obtain sufficient data to
deliver continued improvements in this special-
ity. Registries such as CCISC and IMPACT in
USA form the beginning of this work [14, 15].

International registries help to provide the
global answers to the outcomes and complica-
tions but most units have their own adverse inci-
dent reporting systems. These systems and
internal audit systems form the backbone of the
governance structures, which will deliver local
changes and improvements. Therefore, it is
important that pediatric cardiac units have suffi-
cient access to resources to analyse outcomes
locally. The analysis should be reported to the
clinical teams on a regular basis and any adverse
trends must be scrutinised in a more formal and
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structured way. Fundamental to this type of gov-
ernance is the willingness and commitment of the
team to learn from processes of care and to do
things differently.

Local initiatives may focus on the way congen-
ital services are delivered eg, single-plane catheter
laboratories have been displaced by biplane labo-
ratories and more and more are being replaced by
hybrid laboratories. These changes may at least
indirectly have contributed to reduction in proce-
dure times and radiation exposure, which over the
life of these patients with congenital heart defects
may be of considerable importance.

National quality initiatives are much more dif-
ficult to implement, as these are often aimed at
the rationalisation or centralisation of services.
Long standing efforts to centralise pediatric car-
diac care in Sweden have successfully reduced
the number of surgical centres to two. Following
a formal process in 2008, these units have a
5 year license to perform surgery and are required
to submit annual reports, including medical data
and indicators of quality of care [16, 17]. It may
be too early to tell if this has led to a sustainable
improvement in the quality of care. In the UK, a
similar rationalisation has been recommended
several times in the last 20 years and a further
attempt has been underway again since 2009,
with the aim to make all of the units in the UK
safe and sustainable [18]. At the time of writing,
this process has been replaced with a new review
looking at joined up care from the fetus through
to adult congenital heart services [19].

Quality outcomes in pediatric cardiology
should not be limited to the patients experience,
whilst receiving treatment in our institutions, but
to the experience throughout the whole of their
life. The quality of life the patients achieve
should be a major source of information, which
should help to deliver the quality of services
required. It is vital that improvements in care are
delivered by the use of learned knowledge, tech-
nology and with the crucial input of patients and
parents, thus ensuring that their voice and the
issues that are at the heart of their everyday life
are not forgotten. This can be done by ensuring
that patients are asked for their opinions on how
to improve their care and the use of focus groups
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and patient or parent questionnaires. Clinicians
around the world have developed systems to
determine the quality of life of the patients [20]
and these will continue to provide new informa-
tion, which will help to inform clinicians and
families about the risks posed from certain diag-
nosis and procedures [15, 21-23].

Conclusions

Quality improvement firmly embedded into
the current healthcare services. The use of reg-
istries and databases ensure that lessons can
be shared on both national and international
scales. Technology, so long at the heart of con-
genital service delivery, continues to change
the way services are provided, with more min-
imally invasive procedures available, remote
monitoring, better imaging, all to the benefit
of patients, The challenge ahead is delivering
on issues that matter to the patients. The use of
patient questionnaires and feedback will influ-
ence the design and delivery of services.
Improvement in quality over the last 30 years
are vast, as more children survive cardiac sur-
gery and interventions and live longer and
healthier lives than ever before, but now is not
the time to sit back on our laurels, as the qual-
ity journey has only just begun.
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Abstract

The recognition that outcomes in pediatric cardiac surgery were in need of
closer assessment became evident in the early 1990s. The courageous dis-
closure by a prominent congenital heart surgeon of a cluster of surgical
failures and the forced closure of two separate pediatric heart surgery pro-
grams suggested that more vigilance was required for this highly special-
ized area of surgery. The development of registry databases in Europe and
North America for congenital heart surgery patients is described. The
maturation of these databases and the development of a common nomen-
clature and risk stratification scheme are also reviewed. Now that pediatric
cardiac surgery outcomes are being tracked reliably, significant variation
in these outcomes within and between centers has become evident, espe-
cially with higher risk procedures. Strategies to address this variation and
to improve the quality of pediatric heart surgery are discussed.
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procedures and introduced the “End Result Idea”
[2]. Unfortunately his colleagues not only did not
embrace his ideas but actually got him fired and
run out of town. Few medical providers followed
the concept of regularly measuring outcomes.
Whether this disinterest in monitoring results
was because variability in outcomes was not sus-
pected or because some providers feared expo-
sure of poor outcomes is not clear. Nevertheless,
it was not until the mid-1960s that Avedis
Donabedian, a physician at the University of
Michigan, rekindled interest in medical out-
comes. Donabedian introduced the field of health
systems research and recommended that health
care quality be evaluated in terms of structure,
process, and outcomes.

Assessing Quality in Cardiac
Surgery

Almost simultaneously with the development of
health systems research, the field of cardiac sur-
gery arose. In the early days of heart surgery, pro-
cedures were relatively few and mortality as high
as 100 %, consistent with the often desperate
conditions of those patients. Good outcomes
were hoped for but uniformly unexpected. The
emphasis at the time was more on achieving sur-
vival than on measuring quality. The field of car-
diac surgery did mature, however, with improving
results in adults with valve and coronary artery
disease and in children with uncomplicated con-
genital heart defects. As the practice of cardiac
surgery improved, the number of procedures
increased significantly. Coronary artery bypass
grafting became one of the most commonly per-
formed surgical procedures in the world. As heart
surgery became commonly accepted practice it
was recognized that a reliable measure of quality
was the ability of the patient to survive the opera-
tion. Whether a patient lives or dies after an oper-
ation is clearly definable with limited subjectivity
[3, 4]. This measure can be compared to the same
measure at other institutions or to an overall
benchmark. In the 1970s and 1980s cardiac sur-
gery centers would typically monitor their own
mortality rates to assure “acceptable” outcomes.
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Unfortunately those subjective outcome reports
were rarely shared between centers and often
only disclosed in the form of a publication when
a center was proud of exceptionally good results.
Such mortality rates were unlikely to be repre-
sentative of the majority of centers performing
heart surgery and individual centers were uncer-
tain of what an “acceptable” mortality should be.
In 1987 the Health Care Financing Administration
published the mortality rates for Medicare recipi-
ents undergoing coronary artery bypass surgery.
A striking variation in mortality was revealed and
many heart surgery programs were embarrassed
[5]. Cardiac surgeons began to recognize with
this public release of sensitive information from
individual centers the importance of keeping
track of their results. The Society of Thoracic
Surgeons began to develop an Adult Cardiac
Surgery Database. The purpose was to invite cen-
ters to submit their own data confidentially in a
way that each center could assess its own out-
comes and compare them to the outcomes of the
other submitting centers. This form of registry
data more accurately represented outcomes
across multiple centers and permitted the setting
of realistic benchmarks and outcome targets.

Lessons Learned in Pediatric
Cardiac Surgery

Although many cardiac surgeons in the late 1980s
performed both adult and pediatric heart surgery,
the emphasis in pediatric cardiac surgery at that
time was more related to achieving survival in
some of the smallest patients with complex life
threatening heart defects than to the overall
assessment of quality. Outcomes were highly
variable and complex malformations almost uni-
formly had bad outcomes. The concept of con-
tinuous quality assessment that was beginning to
take hold for adult cardiac surgery had not taken
hold in the world of pediatric heart surgery.

That attitude began to change with a coura-
geous presentation by Marc de Leval at the
1993 meeting of the American Association
for Thoracic Surgery. At that meeting de Leval
presented an “Analysis of a cluster of surgical
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Fig. 16.1 Figure taken from
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failures” in which he described his own experi-
ence with the neonatal arterial switch operation
[6] (Fig. 16.1). Having experienced only one
death in his first 52 arterial switch procedures, he
was troubled by the occurrence of seven deaths in
16 subsequent cases. After losing patient no. 53
and no. 55 he “instinctively” sensed concern and
visited another center known for low mortality in
an effort to derive insights into his unanticipated
significant change in outcomes. After losing
patient no. 59, no. 63, and no. 64 he revisited the
same institution. After patient no. 67 and no. 68
died, he ceased performance of the procedure at
his own institution and did not resume it until he
had retrained at a third institution. Upon resump-
tion at his own institution he experienced only
one death in his next 35 arterial switches. His
retrospective “analysis” examined the full expe-
rience of 104 consecutive arterial switch opera-
tions in an effort to determine if the “cluster of
failures” could have occurred by chance alone,
and, if not, could the unfavorable trend have
been detected earlier. In his manuscript, de Leval
describes two techniques for identifying worri-
some trends: the CUSUM procedure (cumulative
sum) [7] and comparison to benchmarks derived

I I I I I I I I |
30 40 50 60 70 80 90 100 110

Number of GOS cases (Cumulative)

P 4 Yecraining

Visit A Visit B

from multicenter data [8]. Looking retrospec-
tively with those techniques he indicated that had
“a mechanism of continuous monitoring...been
in place” at his institution the decision to retrain
would have been reached sooner. By bravely
divulging his own experience with failure and
proposing techniques to detect failure early, de
Leval deserves the credit for introducing qual-
ity assessment and quality improvement into the
cloistered world of pediatric cardiac surgery.
Pediatric cardiac surgery is a complex and chal-
lenging endeavor that requires more than the deft
surgical skills of a single individual. Successful
cardiac surgery programs employ a teamwork
approach with collaboration between surgeons,
cardiologists, anesthesiologists, intensivists, nurs-
ing staff, other hospital staff, and hospital adminis-
trators. When a highly functional team is not
established or breaks down because of poor com-
munication or failed leadership, patients die
unnecessarily. Around the time that de Leval was
sensing his “cluster of failures” with the arterial
switch operation, concerns were arising about the
outcomes of infants undergoing heart surgery at
the Bristol Royal Infirmary in Bristol, England [9].
Those concerns reached the point where infant
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heart surgery was discontinued at that center in
1995. A retrospective public inquiry into the ade-
quacy of pediatric cardiac surgical services in
Bristol was led by Sir Ian Kennedy and resulted in
an extensive final report published in 2001. This
thorough and incisive document delineates the
multiple systemic and individual factors that
resulted in excessive mortality at that center over
that period. An important factor revealed in this
report was the lack of a systematic mechanism for
monitoring the clinical performance of the pediat-
ric cardiac surgery program.

Bristol was not the only pediatric cardiac sur-
gery program to suspend its services in 1995. In
February of that year the pediatric cardiac sur-
gery program at the Winnipeg Health Sciences
Centre in Manitoba, Canada ceased providing
children’s heart surgery following the death of 12
children in 1994. An Inquest was initiated in
December 1995 and a final report published in
2000 [10-12]. This retrospective evaluation dis-
covered problems in leadership, teamwork, com-
munication, mentorship, and decision-making.
Of primary importance was a failure to collect
and analyze group data to track trends and to
compare results with other programs. Less publi-
cized but similar situations at centers providing
pediatric heart surgery in the United States also
occurred during and since. Because of the inher-
ent vulnerability of the patient population and the
complexity required to integrate resources and
disciplines, pediatric cardiac surgery programs
are especially sensitive to breakdowns. All three
of the referenced situations point to the impor-
tance of collecting and tracking outcomes as well
as the need to implement a human factors and
safety systems approach to improving pediatric
cardiac surgical outcomes.

Development of Multi-institutional
Pediatric Cardiac Surgery
Databases

While surgeons and programs may have moni-
tored their own results, the assessment of those
results was limited by the lack of agreed stan-
dards for comparison. If any standards were
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cited, they were derived from publications in the
medical literature of exceptional results. Real
data from multiple institutions was required to
determine realistic standards. Thus began the
development of databases in pediatric heart sur-
gery. The first multi-institutional database for this
group of patients was initiated in the upper
Midwest of the United States to derive data to
justify funding for children with congenital heart
disease for the state of Minnesota and surrounding
states. In 1982 the Northern Great Plains Regional
Cardiac Program (NGPRCP) was begun under
the leadership of Dr. James Moller of the
University of Minnesota [13]. Initially data was
collected from five centers: the Mayo Clinic,
Minneapolis Children’s Medical Center, the
University of Iowa, the University of Nebraska,
and the University of Minnesota. Other centers
outside of the upper Midwest began to volun-
tarily join the program. In 1990 the name was
changed to the Pediatric Cardiac Care Consortium
(PCCC) and the number of programs submitting
data exceeded 40 by the year 2000. The database
focused on two outcomes: death and length of
hospital stay. Data was submitted to a central
center with trained coders and was kept confiden-
tial with de-identified patient information.
Annual center specific reports were made avail-
able to each submitting center permitting a com-
parison to aggregate data from the other
participating centers. The PCCC was truly the
first database providing data from multiple cen-
ters performing pediatric heart surgery allowing
realistic information regarding mortality rates for
a variety of pediatric cardiac surgical procedures.
Benchmarks for mortality of individual opera-
tions could now be realistically derived [14].
Another database for patients with congenital
heart defects was introduced in 1985 by the
Congenital Heart Surgeons’ Society (CHSS). Two
members of this group of pediatric heart surgeons,
Dr. John Kirklin and Dr. Eugene Blackstone, pro-
posed the pooling of data from the members’ insti-
tutions to assess the management outcomes of
specific cardiac malformations. This database dif-
fered from the PCCC in that only select congenital
heart lesions were tracked and each patient was
followed annually. The first lesion to be studied
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was transposition of the great arteries. This was a
timely choice that provided useful feedback per-
mitting comparison of atrial redirection operations
(Mustard and Senning procedures) to the newly
introduced arterial switch operation. Data derived
from the CHSS database provided valuable evi-
dence favoring the latter procedure facilitating the
pediatric surgical community’s transition to the
newer operation for newborns with complete
transposition [8]. Other cardiac lesions addressed
by the CHSS Database have been pulmonary atre-
sia with intact ventricular septum, pulmonary ste-
nosis, interrupted aortic arch, coarctation of the
aorta, critical aortic stenosis, aortic atresia, and
tricuspid atresia. The CHSS database continues to
serve as a repository of important data from which
longer-term outcomes of rare congenital heart
anomalies can be determined.

The PCCC and CHSS Databases are representa-
tive of the two forms of databases that have become
valuable in the assessment of pediatric heart sur-
gery outcomes [15]. The PCCC Database is a reg-
istry database in which some data is collected for
all of the patients. The amount of data collected on
each case is limited to a predetermined set of iden-
tifiers and early outcomes. This minimal dataset
must be clearly assessable and easily and reliably
entered for each patient. Registry databases like the
PCCC help determine standard of care references
from which benchmarks can be developed. The
CHSS Database is an academic database in which
“all of the data” is collected on some of the patients.
Academic databases investigate specific popula-
tions or subgroups of patients to generate new
knowledge. An academic database is much more
amenable to longitudinal follow-up than a registry
database and allows much more detailed studies.
Both forms of databases continue to be important
in the assessment and improvement of pediatric
cardiac surgery quality.

In 1990 an informal group of European con-
genital heart surgeons (later formalized into
what is presently the European Congenital Heart
Surgeons Association (ECHSA)) recognized
the importance of collecting data from all of the
operations performed at their respective centers.
This collaboration led to the birth of the European
Congenital Heart Defects Database (ECHDD)

in 1992, which began under the direction of Dr.
Martin Elliot at Great Ormond Street Hospital for
Children in London, England. By 1995 31 centers
from 18 countries were submitting data. In 1998
the ECHDD relocated to the Children’s Memorial
Health Institute in Warsaw, Poland under Dr.
Bohdan Maruszewski as director. As congeni-
tal data was being collected in the ECHDD, the
European Association for Cardio-Thoracic Surgery
(EACTS) was developing the European Cardio-
Thoracic Surgical Registry (ECSUR). In 1999 it
was decided that the ECHDD would be part of
the ECSUR. Initially termed the Pediatric ECSUR
this registry database would soon be known as the
EACTS Congenital Heart Surgery Database. By
2001 84 programs from 34 countries were repre-
sented. By 2012 the number of European centers
had risen to 265 representing 36 countries. By that
time another 147 centers outside of Europe from 43
countries all over the world had been added. Today,
these databases include data from over 100,000
patients and 125,000 operations.

Contemporarily with what was happening in
Europe, the US Society of Thoracic Surgeons was
developing its own registry database for congeni-
tal heart surgery in North America. Dr. Constantine
Mavroudis at Children’s Memorial Hospital in
Chicago, Illinois was responsible for the initial
development of the STS Congenital Heart Surgery
Database. Centers began joining in 1994 and by
1997 24 North American centers had provided
data that included mortality and length of stay
derived from over 8,000 patient records. In the late
1990s Dr. Jeff Jacobs of St. Petersburg, Fl. assumed
the Chairmanship of the STS Congenital Heart
Surgery Database Task Force and has been respon-
sible for the continued maturation and growth of
this database [16]. By the end of 2011 there were
over 100 participating centers representing more
than 80 % of all congenital heart programs in the
United States. Data from over 200,000 operations
have been submitted from 1994 to today.

The key to the successful development of the
congenital databases in Europe and North America
was the establishment of a common language or
nomenclature to describe the large number of dis-
ease entities treated and procedures performed.
In addition, it was necessary to determine the
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minimal set of data required to allow valid link-
age with other databases. In 1998 the EACTS
and STS collaboratively initiated the International
Congenital Heart Surgery Nomenclature and
Database Project. By 2000 a minimum dataset
was agreed upon and updated in 2001 [17, 18].
In the next few years the International Society
for Nomenclature of Paediatric and Congenital
Heart Disease (ISNPCHD) was created including
surgeons, pediatric cardiologists, and congenital
cardiac morphologists. By 2005 the nomencla-
ture working group of the ISNPCHD had cross-
mapped the nomenclature of the International
Congenital Heart Surgery Nomenclature and
Database Project of the STS and EACTS with the
European Paediatric Cardiac Code (EPCC) of the
Association for European Paediatric Cardiology
(AEPC) creating the International Paediatric and
Congenital Cardiac Code (IPCCC). With this com-
mon language and an agreed upon minimum data-
set, the EACTS and STS Databases were up and
running and able to combine information from two
very large experiences in pediatric heart surgery.
Furthermore, the stage was set for linkage with
databases from other parts of the world, from other
medical disciplines, and even with some adminis-
trative databases.

In pediatric cardiac surgery there is a broad
spectrum of complexity and risk. The mix of
cases at one institution may consist of simple
low risk cases whereas the mix at another insti-
tution may contain more complex cases subject
to significantly higher risk. Comparing the over-
all mortality of the two institutions would pro-
vide a misleading assessment of outcomes. Thus
to provide fairer comparisons between centers,
stratification schemes were developed. The first
scheme (the Risk Adjustment in Congenital Heart
Surgery-1 (RACHS-1) method) consisted of
six risk categories for surgical procedures. This
stratification, which was developed and champi-
oned by Dr. Kathy Jenkins at Boston Children’s
Hospital, was derived from a consensus of pedi-
atric cardiologists and cardiac surgeons [19]. The
application of RACHS-1 to the PCCC dataset for
the year 1996 confirmed a spread of mortality
rates across RACHS-1 categories with category 1
having a mortality of 0.4 % and category 6 having
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a mortality of 41.5 %. Another approach to risk
stratification, fostered by Dr. Francois Lacour-
Gayet who worked at the Eppendorf University
Hospital in Hamburg, Germany, applied scores
and levels to each operation based on the per-
ceived risk of mortality, morbidity, and the tech-
nical difficulty of the procedure [20, 21]. These
values were referred to as Aristotle basic complex-
ity (ABC) scores and levels. As with RACHS-1
the ABC scores were derived from expert opinions
of experienced clinicians. The Aristotle approach
was incorporated in the reports from the EACTS
and STS Congenital Databases beginning in 2002
and the RACHS-1 stratification was added to the
reports in both databases in 2006. Both approaches
provided reasonable risk stratification, but the
Aristotle levels classified more operations than did
RACHS-1, whereas RACHS-1 provided more dis-
crimination at the higher end of complexity [22].
By 2008 enough data had been collected in both
the EACTS and STS Congenital Databases to per-
mit an objective determination of risk from actual
surgical outcomes. This new stratification scheme
resulted in five “STS-EACTS Mortality Levels”
which demonstrated better predictive value for
mortality than the RACHS-1 or Aristotle systems
[23]. This objectively derived system, now referred
to as STAT Mortality Categories, has become the
preferred stratification protocol for congenital
heart operations and is currently incorporated in
all EACTS and STS Congenital Database reports.

Now with an accepted nomenclature and means
for risk stratification the EACTS and STS registry
databases provide useful quality assessment for
centers willing to participate. The formats of these
databases continue to evolve to further improve the
value of the information collected and analyzed.
Periodically data fields are added and subtracted as
experience with the information accrues and clinical
questions increase and decrease in importance. The
validity of the data in the databases must be assured
with regular audits and other forms of data verifi-
cation [24]. Measurement of outcomes has focused
mostly on hospital or 30 day mortality. Mortality
data alone, however, is insensitive to quality issues
experienced by low risk procedures and says little
about process failures that may lead to near misses
and harm but not death. The hospital length of stay
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is available in these databases and has served as a
proxy for the morbidity of pediatric cardiac surgi-
cal procedures. Other measures of morbidity are
now being tracked in these databases including
unplanned reoperations, postoperative renal failure,
and postoperative complete heart block [25-27].
Hopefully tracking these measures will provide a
more thorough assessment of process and outcomes
for these patients. How these patients do after the ini-
tial 30 days following an operation is also important.
Although registry databases are poorly suited for
longitudinal follow-up, efforts are in progress to cre-
ate Health Insurance Portability and Accountability
Act (HIPAA)-compliant unique patient identifiers
that would permit tracking of patients through a
series of operations and for longer-term follow-up
[28]. As many pediatric cardiac surgical conditions
require staging of surgical procedures, the ability to
keep track of the same patient through more than one
procedure is important in assessing the outcomes of
such sequenced approaches for individual patients.
HIPAA-compliant unique patient identifiers may
also permit linkage with administrative databases
to enable assessment of costs or other nonclinical
information or to assist with data verification regard-
ing death, length of hospital stay, or other demo-
graphics [29].
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From Quality Assessment to Quality
Improvement

Pediatric cardiac surgery centers have the ability
now to participate in highly developed multi-
institutional databases such as the STS and EACTS
Congenital Databases, with each center having the
ability to compare its own outcomes with those of
other database members. For the STS Congenital
Heart Surgery Database each center’s outcomes are
kept confidential but can be compared to the out-
comes experienced in the aggregate of the other
centers. In addition, graphical depictions are pro-
vided such that an individual center can visualize its
outcomes in comparison with those of the other
centers in a de-identified manner (Fig. 16.2).
Outcome information is provided at a reasonable
interval (every six months for the STS Congenital
database) to each center who can continuously
monitor its outcomes. Of course, not every center
will feel assured, as its outcomes may not be satis-
factory for every procedure. In fact, analysis of data
from the STS Congenital Database has revealed that
there is significant variation in outcomes among
institutions providing pediatric heart surgery [30, 31].
The degree of variation in terms of mortality is min-
imal for low risk procedures, but tends to be as high
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Fig. 16.2 Example of the graphical presentation of
discharge mortality from a semiannual report from the
Society of Thoracic Surgeons Congenital Heart Surgery
Database. Each hospital, identified only to itself, can
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compare its results with the other unidentified hospitals.

Similar graphical presentations are provided for each
strata of risk (Abbreviation: CI confidence limits)
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Fig. 16.3 (a) Removing poor performing providers has
minimal effect on improving overall quality (From Miles
[48]). (b) Applying a quality improvement initiative to all

as sixfold with increasing complexity and risk.
Variation in outcomes is not only seen between cen-
ters but can occur within the same institution and
with different surgeons with good results for one
operation and much less satisfactory results for
another operation [32]. These analyses indicate a
spectrum of performance among and within pro-
grams providing pediatric cardiac surgery. These
findings indicate a need for some programs to
reevaluate their performance as a whole or for par-
ticular procedures.

-
=

Higher quality

providers reduces variation among providers and improves
overall quality (Reprinted from Miles [48]. Reproduced
by permission of the American Board of Family Medicine)

One approach to improving the overall outcomes
in pediatric cardiac surgery is to identify the lowest
performers and eliminate them, such as occurred in
the cases of Bristol and Winnipeg, in the UK and
Canada, respectively. A graphical depiction of this
approach presented by the American Board of
Pediatrics [33] is demonstrated in Fig. 16.3a. In this
graphic variation in quality of care is represented as
a bell shaped curve. When the tail of the curve (lower
5 % of performers) is eliminated, the improvement
in quality realized by the system as a whole is only
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Table 16.1 Quality measures for congenital and pediatric cardiac surgery

1. Participation in a National Database for Pediatric and Congenital Heart Surgery

2. Multidisciplinary rounds involving multiple members of the health care team

3. Availability of institutional pediatric extracorporeal life support (ECLS) program

4. Surgical volume for pediatric and congenital heart surgery: total programmatic volume and programmatic
volume stratified by the five STAT Mortality Categories

5. Surgical volume for eight pediatric and congenital heart benchmark operations

6. Multidisciplinary preoperative planning conference to plan pediatric and congenital heart surgery operations

7.

Regularly Scheduled Quality Assurance and Quality Improvement Cardiac Care Conference, to occur no less

frequently than once every two months

8. Availability of intraoperative transesophageal echocardiography (TEE) and epicardial echocardiography

9. Timing of antibiotic administration for pediatric and congenital cardiac surgery patients

10.  Selection of appropriate prophylactic antibiotics for pediatric and congenital cardiac surgery patients
11.  Use of an expanded preprocedural and postprocedural “time-out”

12. Occurrence of new postoperative renal failure requiring dialysis

13. Occurrence of new postoperative neurological deficit persisting at discharge

14.  Occurrence of arrhythmia necessitating permanent pacemaker insertion

15.  Occurrence of paralyzed diaphragm (possible phrenic nerve injury)

16.  Occurrence of need for postoperative mechanical circulatory support (IABP, VAD, ECMO, or CPS)
17.  Occurrence of unplanned reoperation and/or unplanned interventional cardiovascular catheterization procedure
18.  Operative mortality stratified by the Five STAT Mortality Categories

19.  Operative mortality for eight benchmark operations

20. Index cardiac operations free of mortality and major complication

21. Operative survivors free of major complication

Reprinted from Jacobs et al. [34]

Abbreviations: IABP intra-aortic balloon pump, VAD ventricular assist device, ECMO extracorporeal membrane oxy-

genation, CPS cardiopulmonary support system

modest. On the other hand, if strategies for improve-
ment are applied across all institutions, the variation
between institutions can be significantly diminished
(a narrower bell) and overall quality improved (bell
moved to the right) (Fig. 16.3b). One such strategy is
the application of standardized structures and pro-
cesses to all programs.

In 2007 under the leadership of its president at
the time, Dr. John Mayer, the Society of Thoracic
Surgeons created a task force to develop a list of
quality measures for pediatric and congenital heart
surgery. By 2011 this task force, which consisted of
pediatric and congenital heart surgeons, had devel-
oped a set of 21 Quality Measures which was fur-
ther vetted by four other STS committees and
approved by the Executive Committee of the
Society of Thoracic Surgeons. In the same year the
same set of Quality Measures was reviewed and
endorsed by the Congenital Heart Surgeons’
Society. This set of quality measures is listed in
Table 16.1 and follows Donabedian’s principles for
quality with five measures related to structure, six
related to process, and ten different outcome

measures. These Quality Measures for Pediatric
and Congenital Heart Surgery were published in
early 2012 where the details of each measure are
described [34]. Most of these quality measures were
derived from the experience and expert opinions of
the STS task force and will require further evalua-
tion in terms of reliability, validity and scientific
acceptance. The STS Congenital Heart Surgery
Database has added a Quality Module that will help
determine if these measures are indeed associated
with improved outcomes. The National Quality
Forum, which also reviewed these measures, agreed
that more data is required before it could support
most of these measures, but it did endorse three
measures: (1) participation in a national database,
(2) measurement of total programmatic volume and
programmatic volumes stratified by the five STAT
mortality categories, and (3) operative mortality
stratified by the five STAT mortality categories.
Minimizing variation in patient outcomes and
improving the overall quality in pediatric heart
surgery requires more than adoption and adher-
ence to a set of quality measures. The Society of
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Thoracic Surgeons and the Congenital Heart
Surgeons’ Society have both been instrumental in
making quality improvement a priority for their
members. The STS Congenital Heart Surgery
Database has been the foundation for quality
assessment and improvement in North America.
The STS has also created separate workforces
dedicated to Congenital Heart Surgery, Surgical
Treatment of Adults with Congenital Heart
Disease, and Peer Review and Evaluation. The
Congenital Heart Surgeons’ Society has created
the Committee on Quality Improvement and
Outcomes to address these issues and to serve as
a resource for centers seeking assistance.

Several areas of clinical research will prove
valuable in improving the outcomes and minimiz-
ing variation. Studies in human factors, team per-
formance, and the complex interactions required
of a team providing pediatric heart surgery may
lead to a substantial decrease in the number of
errors that result in untoward outcomes [35-39].
The technical aspects of complex pediatric car-
diac operations themselves are now being care-
fully assessed and are revealing a significant
effect on results [40—42]. The ability to grade
each operation with a Technical Performance
Score will be valuable to surgeons who can use
that feedback to hone their surgical skills [43].
Improvement in team dynamics and interactions
as well as improvement in the performance of
individual team members is expected to further
improve the quality of pediatric heart surgery.

One other area that has promise for the field of
pediatric heart surgery is the concept of learning
collaboratives. Learning collaboratives involve the
sharing of processes, approaches, and outcomes
with other institutions. This approach was pio-
neered by a group of adult cardiac surgery pro-
grams in northern New England. When these
hospitals noted that their outcomes for coronary
artery surgery were unacceptable, they decided to
collaborate rather than compete with each other
[44]. The collaboration consisted of feedback of
outcome data, training in continuous quality
improvement techniques, and round robin site vis-
its to each other’s institution. Site visiting teams
consisted of surgeons, anesthesiologists, perfu-
sionists, nursing staff, and others considered

E.H. Austin [l

important to the delivery of coronary artery sur-
gery at each institution. By observing practices at
the other sites variation in processes diminished
and variation in outcomes improved with a 24 %
decrease in operative mortality for the programs as
a whole [44]. Similar learning collaboratives have
been successfully applied in other regions of the
United States for the delivery of adult cardiac sur-
gery [45, 46]. Such a learning collaborative cou-
pled with a robust continuous quality improvement
framework has yet to be attempted in pediatric
cardiac surgery, but could result in substantial
quality improvement for those centers courageous
enough to participate in such a venture [47].
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Abstract

A leader can be defined as a teacher or person of influence. Leaders of
teams need to collaborate and negotiate change. Change is occurring
rapidly in healthcare and in our profession of pediatric cardiac services.
Therefore, leadership has now become a critical new area of subspe-
cialty expertise within pediatric cardiology divisions, practices, and ser-
vice lines.

This chapter deals with identification of potential leaders possessing
natural aptitude, as well as strategies around which to develop leadership
competencies. Leadership of teams requires collaboration and negotiation
to be effective; these teams may require interaction between physician and
administrative leaders, which in our current system of medicine have not
always been the most natural of partners.

Roles for leaders and leadership teams, and measures of leadership
competency, are discussed. Potential opportunities to provide leadership
for our profession are discussed.
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Introduction
Leadership and Quality Improvement

As recently as three decades ago, pediatric car-
diology was simpler. A “triple threat individ-
ual” — the best clinician, best researcher, and best
teacher in the division — was usually designated
as Director of the division, or “the Chief”. In our
current more complex world of higher patient
volumes, increased patient acuity, advanced tech-
nology, more stringent research consents and
study designs, decreased research funding, and
now healthcare reform, a triple threat individ-
ual just won’t suffice. Our new normal requires
additional business alignment and leadership
expertise. No one individual is likely to possess
expertise in all five of these categories, nor the
bandwidth to perform all these tasks. Therefore,
we need “quintuple threat organizations” that pro-
vide comprehensive expertise in all five domains,
with collaboration among multiple individuals to
direct the efforts and achieve sustainable results.

Leadership now becomes a new area of sub-
specialty within pediatric cardiology divisions,
practices, and service lines. In this chapter we
will describe the evolving need and role for pedi-
atric cardiac leaders, the skills and behaviors of
these leaders, and strategies around which to
enhance leader competencies. The ultimate suc-
cess of our pediatric cardiac profession may
depend upon our new leaders and their new and
evolving competencies.

The Need for Leaders

Change is occurring to our profession. Leading
change becomes one of the ultimate measures of
success of any leader. A leader is best defined as a
teacher or a person of influence. Leaders need to
collaborate and negotiate change successfully,
often with new and unexpected partners. We will
need to negotiate rapid change in healthcare reform
which has introduced new terms such as account-
able care organizations and clinically integrated
networks. Healthcare now requires a focus on busi-
ness metrics such as quality, outcomes, and value
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(quality/cost). Our profession is expected to pro-
vide more (better care, improved outcomes, greater
distribution, advanced technologies) at lower cost.
It is no longer good enough to state that you have
excellent outcomes, since data now must validate
results, preferably with national benchmarked ref-
erences. Transparency with data and charges will
soon be the standard expectation, as evidenced by
the recent CMS disclosure of sharing of hospital
charges and impending physician charges.

As reimbursement for physician performance
decreases, and simultaneously the expense to
deliver greater technology to more and sicker
patients increases, the business revenue margin will
be reduced. Pediatric cardiac services, like the rest
of the medical profession, will likely slowly transi-
tion from a fee-for-service world (pay based on
procedures) to a more value-based payment
scheme, a reimbursement strategy that places more
emphasis on health and population management
rather than per procedure episodes of care [1].

Many adult cardiologists have now become
hospital-employed physicians, partnered with
hospital administration and systems, in order to
adapt to the changing medical reimbursement
landscape. Whereas physicians and hospital
administrators in the past may have experienced
a more siloed and sometimes adversarial rela-
tionship, leadership (physician and administra-
tive) and collaboration becomes the formula for
success, helping to navigate complex changes in
the business world.

Identifying Leadership Aptitude

In past years, physician leaders were often cho-
sen based upon recognized clinical excellence
or academic credentials. However, clinical and/
or research competencies are not necessarily
translated into the new world leadership compe-
tencies. Just as not all cardiothoracic surgeons
want to specialize in the world of congenital
heart disease surgery, not all pediatric cardiolo-
gists choose to specialize in intensive care man-
agement, electrophysiology, or interventional
catheterization. Identifying physician candidates
with an aptitude for leadership is a key first step.
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Through many years of medical education, clini-
cal training, and competitive grading, physicians
have been selected for certain skills and behavior
that may help with clinical or research expertise.
Physicians are very competitive, seeking top
class rank, highly desired but limited high profile
internship or residency positions, and/or clinical
or research opportunities at premier institutions.
These competitive instincts, honed over years,
may help to develop critical thinking, decision-
making, and directing action, especially in emer-
gency situations. However, leadership requires a
different focus; collaboration, negotiation, excel-
lent communication, and team building become
key performance metrics.

In order to identify potential administrative
physician leaders, Children’s Healthcare of
Atlanta uses a leadership potential checklist
(Table 17.1) developed by Development
Dimensions International. The demonstration of

Table 17.1 CHOA Center for Leadership Strategies
leadership potential checklist

Passion and Promise to Lead
Brings Out the Best in People
Authenticity

Receptivity to Feedback
Learning Agility

Culture Fit

Adaptability

Conceptual Thinking
Navigates Ambiguity

Passion for Results
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passion and promise to lead is a critical criterion.
Following his or her passion, a new physician
leader will quickly demonstrate accountability
for mastering leadership skills, and implement-
ing these in the day to day decision making of a
complex pediatric cardiac organization. Other
leadership assessment tools including the DISC
[2], StrengthsFinder 2.0 [3], the Hogan [4], and
the Birkman [5] are used to identify personal
aptitude, inclination, and characteristic tenden-
cies. In the end the desire to become a leader is a
choice that has implications at the level of a phy-
sician’s identity. One of the first signs is when a
physician starts to speak about his/her desire to
move from improving the outcomes of a single
patient to improving the system of care. This type
of conversation indicates that a physician is in the
midst of navigating their changing identity in
terms of values, role, and future impact. It is a
critical point at which physician leaders and
administrators can challenge and support these
emerging leaders to take on leadership responsi-
bilities and develop their capabilities.

The transition from clinician with a recog-
nized technical expertise to a leader is a journey,
not a specific destination endpoint. Clinicians
typically have the responsibility for a distinct ser-
vice area, whereas the leader or leadership team
requires a cross-disciplinary vision of the entirety
of the service line or hospital system (Fig. 17.1).
For the leader this will likely require a ‘we”
rather than “me” perspective. The author Ken
Blanchard writes about “servant leadership” [6]

Transition from clinician to Leader

Clinician Manager Leader
( 4 Y4 N/ )
. Community/
Scope Individual Group System
\,
4
Focus Patient Process St;?):%;,y/
\,
4
Skill Set Technical IFaC"”ate/ Leadership
mplement /Vision
\,
e -
Fig. 17.1 The transition Patient System Health Population
from clinician to manager to Measurement Outcome Targets O/sty stem
leader \ \ AN / \_ Outcomes /)
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in which leaders realize their main role is to help
people and organizations achieve collective
goals. This requires an emphasis on communica-
tion and vision.

Leadership Development

Physician leaders may seek to gain leadership
expertise through several avenues, the first,
a formal process of a Master’s of Business
Administration (MBA) or Public Health (MPH)
degree. These programs offer curricula includ-
ing, but not limited to, accounting, business
strategy, economics, finance, human resources,
marketing management, manufacturing and
production, operations management, statistics
and technology, and information systems. An
MBA degree augments leadership but does not
guarantee effectiveness. To succeed within the
co-management model for healthcare administra-
tion, the physician manager should be conversant
and knowledgeable in these business metrics.
Another option is the Cardiovascular Leadership
Institute, developed by the American College of
Cardiology [7]. This process assists cardiovas-
cular professionals as they develop into effective
and visionary leaders. A third choice is by way of
the American College of Physician Executives,
which offers formal classroom and on-line edu-
cation courses to advance physician business and
operational knowledge. Gaining the foundational
knowledge of leadership principles and prac-
tices is extremely important. Spending time and
money on this type of development demonstrates
that the organization recognizes leadership as a
separate and distinct discipline with its own set of
theories, models, skills, and behaviors.

Beyond foundational knowledge lies work-
ing knowledge. This type of knowledge gained
from experience can only be learned “on-the-
job”. Acquiring this experience can be accel-
erated by carefully selecting development
assignments. Assignments can take the form of
leading or participating on a steering committee,
leading a project team, or taking responsibility
for parts of a larger entity, to name a few. The
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role of coaching and mentoring as an accelera-
tor cannot be overstated. Emerging leaders need
people they can turn to when they are confronted
with organizational and operational challenges
they have never faced before. These coaches
and mentors should go beyond “giving advice”
to a model that encourages physicians to reflect
on and frame what they are experiencing. Once
they have done this critical step they can move
toward generating ideas and solutions they feel
they can own and implement. The opportunity to
develop as a leader, on the job under the guid-
ance of a physician leader as mentor, may rapidly
accelerate competency within the culture of the
organization.

Leadership Collaboration

A physician leader must see administrative man-
agerial responsibilities and the interface with
hospital or practice administration as legitimate
important responsibilities, not simply a time filler
between patient encounters. Administrative lead-
ers (practice and/or hospital) face a cultural chal-
lenge, meeting with physician and non physician
leaders to define strategy and operations.
Physician and administrator (or nursing) co-
leaders assume accountability and credit for their
respective areas of expertise within the whole of
the enterprise and they collectively succeed or
fail. A dyad management model for integrated
health systems (Fig. 17.2) defines the relation-
ship between qualified physician and non-
physician leadership partners. These two
co-managers provide unique perspectives, differ-
ent skillsets and specialized expertise that should
synergistically define strategy, clinical perfor-
mance, and business metrics. The key role of the
physician leader is to define clinical vision and to
manage physician teams’ performance and
behavior. The administrative partner is primarily
more focused on operations, business, staffing,
and support systems and services. Together these
dyad leaders define mission, vision, values, cul-
ture, overall performance, internal organization
relationships, and finally strategy.
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Community Health System

Quality of the Clinical
Professionals and Work

Mission

Provider Behaviors

Vision

Provider Production

Values

Clinical Innovation

Culture

Compliance

Overall Performance

Patient Care
Standards

Clinical Pathway/
Model Management

Referring Physician
Relationst

Provider “Leverage”
Fig. 17.2 Roles for physician and admin co-managers

within the dyad management model (Image used with per-
mission from ACPE.org — Zismer DK, Brueggemann J.

Leadership Teams

In contrast to classic physician training, which
often emphasizes the physician as an inde-
pendent operator, this new leadership role
by necessity requires participation as part of

Administrative Co-Manager

Physician Co-Manager

Internal Org. Relationships

Strategy

The Dyadic Management Model for the Integrated,

—

Operations

Revenue Management

Operating Expense
Management

Capital Planning and
Applicaiton

Staffing Models
Performance Reporting
Supply Chain

Support Systems
and Services

Examining the “Dyad” as a Management Model in
Integrated Health Systems. PEJ. January*February/2010)

a high performing team. Being one part of a
larger team is not a value set or skillset gen-
erally nurtured during medical school or resi-
dency, nor may it be of particular interest for
clinical or academic practicing physicians. In
Patrick Lencioni’s book The Five Dysfunctions
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of a Team [8], the strategy around which teams
either fail or succeed is well described. The role
of the leader, or in the case of the dyad model
the co-leaders, is to develop team performance.
The best teams will demonstrate vulnerability-
based trust, clarity, constructive confronta-
tion, and a focus on productive discussions and
decisions and team outcomes. Communication
within teams becomes even more important dur-
ing discussions and decisions. Teams need to
know in advance how decisions will be made:
consensus, majority vote, or by executive
decree. Regardless, team members need to sup-
port group decisions. Physician leaders would
be well advised to direct much of their leader-
ship development time on enhancing communi-
cations. Books such as Crucial Conversations
[9] provide simple, but powerful, strategies for
enhancing discussions involving negotiations
or potentially confrontational discussions with
“good physicians with bad behavior”. Lencioni
believes that the role of the leader, or the dyad
leadership, is to “go first”. Leaders must model
trust with one another and the team and skill-
fully lead discussions in a vulnerable fashion.

Defining Organizational Culture

The role of organizational culture in which
to develop physician and administrative lead-
ers cannot be underestimated. Culture can be
described as a set of shared attitudes, values,
goals and practices. Successful organizations
take care to define values and behaviors that con-
stitute the desired culture in order to achieve their
stated vision. Physician behavior is at the core of
either reinforcing or undermining the culture in a
practice, and thus “culture fit” is one of the most,
if not the most, important aspect of hiring new
physicians with leadership potential and identify-
ing internal high potential physicians.

Hirschfield and Moss [10] suggest that to
reduce the chances of a culture clash, it is impera-
tive to identify leaders on both sides who can pro-
vide models of behavior that represent the new
desired culture. A multi-step process to ensure
culture alignment may include:
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1. develop a compelling and measurable vision
for the organization,

2. listen well to understand perspectives of lead-
ership, staff, patients, and providers,

3. develop a transparent organization that imple-
ments communication to clarify vision and
strategic initiatives,

4. use leadership in organizational surveys to
solicit “weigh-in” for opinions, helping to
ensure “‘buy-in”.

Realizing the potential for culture clash within
the physician-administrator dyad is important.
Managers and physicians have diverse back-
grounds and even languages (e.g., clinical versus
financial) and will be faced with different primary
responsibilities. Administrators have an opera-
tional organizational focus, and are concerned
with financial budgets, management of patient
populations, and even the fiscal survival of an
organization. Physicians, on the other hand, find
themselves with a clinical focus, with primary
responsibility for survival of the individual patient.

Measuring Leadership Competency

The Healthcare Leadership Alliance [11] has
recently created a competency directory (www.
healthcareleadershipalliance.org) to measure cur-
rent and future healthcare leaders regarding
potential and experience to meet the challenges
of leadership in healthcare. This directory sur-
veys five competencies:

Knowledge of the healthcare environment;
Professionalism;

Communication of relationship management;
Business skills and knowledge; and
Leadership.

Within the fifth category, physicians will be
evaluated for leadership skills and behavior,
organizational climate and culture, communicat-
ing vision, and managing change. The Children’s
Healthcare of Atlanta Center for Leadership
Strategies has developed a leadership compe-
tency checklist (Table 17.2). Leaders can be
graded on competencies that include, but are not
limited to, delivering operational excellence,
championing innovation and change, building

hAEE R


http://www.healthcareleadershipalliance.org/
http://www.healthcareleadershipalliance.org/

17 Leadership and Quality Improvement

Table 17.2 CHOA Center for Leadership Strategies
leadership competency checklist

Delivers Operational Excellence

Acts Strategically

Focuses on the Customer

Builds Capability

Champions Innovation and Change

Builds Productive Relationships

Demonstrates Personal Mastery

Communicates and Influences Effectively

productive relationships, and effective communi-
cation and influence. Assessment against this set
of competencies forms the basis of development
actions aimed at leveraging strengths and shoring
up weaknesses.

Dowling [12] has described the principles of
transformational leadership to address the need
to improve access, produce better outcomes, and
reduce cost for healthcare in the United States.
Dowling believes that transformational leaders in
healthcare will succeed through seven principles
(similar to competencies) and four practices.

Dowling’s Seven Principles [12]:
. Manage and promote change
. Create a purpose and a mission
. Pursue sustainable change over time
. Build capabilities
Manage paradox
. Act as savvy politicians
. Manifest optimism and passion, instilling
confidence and trust
In order to operationalize these principles,
these leaders should focus on four practices:
1. Focus on the customer
2. Define the reality that the organization faces
3. Set the moderate and long-term direction for
the organization
4. Invest in your followers

Several other tools are available for assessing
leadership competencies. The CHOA Center for
Leadership Strategies employs a more formal
360° evaluation process to provide peer and
direct report feedback to help leaders identify
areas of greatest strengths and weaknesses.
Individual coaches and mentors may be used in a
more one-on-one session, targeting specific areas
of need.
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The author Marshall Goldsmith describes the
use of a “feedforward” [13] process that differs
distinctly from feedback. This feedforward pro-
cess employs a distinctly different philosophy
applicable for either process or behavioral
improvement. In order for this feedforward pro-
cess to be successful, the leader must identify an
area of need, own the change process, and pro-
vide sincere effort and follow through to improve.
Another model, described as the “dyad assess-
ment of the dyad” [14], allows for continuing
review and reinforcement of leadership compe-
tencies between co-managers themselves.

Perhaps the greatest measure of success as a
physician leader is demonstration of true align-
ment with hospital administration and leadership
team members, as evidenced by organizational
health. As Lencioni wrote in “The Advantage”
[15], organizational health is defined as minimal
politics, minimal confusion, high morale and
productivity, and low turnover, manifesting a cul-
ture of productivity and communication. Smart
businesses excel in terms of strategy, marketing,
technology, and finance, but those truly healthy
organizations outperform in terms of efficiencies
and competitive advantage.

Leading Change

Given all the pressures that healthcare systems
around the world now face, perhaps change
implementation is the number one leadership
role. Physician leaders or dyad leaders, or leader-
ship teams lead change continuously. A seven-
step change implementation template (Fig. 17.3)
outlines key steps, in order, for successful change
implementation. The role of a physician leader is
to recognize physician inertia and resistance
(step 1) and to build a case for change (step 2)
through a strong guiding team (step 3) is critical.
The guiding team should represent all facets of
practice or hospital business, and collectively
guide teams by creating a compelling vision and
action plan. The action plan must be financially
sound and well-communicated to engage the
entire organization. Quick wins build momen-
tum, and then the work begins to spread change
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Accelerated
and Sustained

Results

STEP 7

Spread change
and hardwire

Generate
quick wins

SN=)

Communicate to
engage the
organization

STEP 4

Recognize Physician
inertia and resistance

STEP 1

Build a case for
change

Establish a strong
guiding team

STEP 3

Create a compelling
vision and action plan

Fig. 17.3 A step change implementation template outlines key steps, in order, for successful change implementation

and hardwire gains that lead to enhanced finan-
cial and operational -efficiencies. Successful
change implementation will be best achieved by
teams that have invested in the lessons from Pat
Lencioni’s “Five Dysfunctions of a Team” [§].
Teams that manifest organizational trust, leading
to vulnerable discussions and “best choice” deci-
sions, will lead change not only at the hospital
level but also for the profession of pediatric car-
diac services. Significantly, if there is limited or
no trust between management and providers,
there will not be engagement and thus improve-
ment will occur only at the margins. Current
examples of change opportunity include the
development of appropriate use criteria and qual-
ity metrics, which define evidence-based physi-
cian performance. The collaboration among
national centers to define core databases and

registries, with ultimately the generation of
national benchmark data, will allow institutions
to objectively measure performance at a local
level. Cost management strategies, including
elimination of unnecessary variability and physi-
cian orders and procedural/device choices, will
permit hospital systems then to define value
(outcomes/cost). All of these steps involve
change, and will require strong physician and
administrative leadership to be successful.

Avoiding Leadership Dysfunction

Not all emerging leaders will find the leadership
role enjoyable or successful; some leaders will
fail and others burn out. Likewise, some team
members fail to integrate successfully into the
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team and may need replacement. If organiza-
tional vision and culture has been successfully
defined and defended throughout, then the use of
a leadership competency checklist, 360° process,
or one-on-one coaching may identify leaders
who need to change or leave. Jim Collins, in his
book Good to Great [16], defines the need to
place “the right people on the right bus”, meaning
that to function as a leader, or as a leadership
team member, trumps title alone. Dysfunction
among leadership teams can paralyze organiza-
tions faced with the need to make important, and
timely, change. The role of the leader to define
leadership and performance competencies objec-
tively is crucial towards advancement toward the
desired change end point. Failure to hold indi-
viduals, and especially leadership team members,
accountable might be regarded as one of the
greatest failures of a team leader. The use of tech-
niques and strategies described in the book
Crucial Conversations [9] can help leaders
become more competent, and thus comfortable,
with the difficult conversations to address sub-
standard physician performance or “good physi-
cians with difficult behaviors”.

Valuing Physician Leaders

Just as individual physicians must show passion for
their new leadership role, likewise hospital systems
need to demonstrate appreciation for the value of
physician leadership and expertise by appropriat-
ing time and money for education and training of
physician leaders, as well as compensating them
for leadership time. Administrative time and exper-
tise needs to be fairly compensated, to offset the
loss in clinical income earning opportunity.

Conclusions

Successful integrated healthcare systems
depend upon new physician leadership roles.
Ultimately the best leaders may prove to be
those who are internally passionate about this
new role and realize the added value to the
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system provided by their dedication to
perfecting leadership competencies. These
leaders partner well with others who have dif-
fering opinions to work towards solutions
which can be supported on the journey to
more efficient healthcare in the future.
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John E. Mayer Jr.

Abstract

Improving both the quality and costs of healthcare has become a major focus
for the US Federal Government in its role both as a payor and as the source
of healthcare policy. A series of initiatives have been undertaken since the
mid-1990s culminating in the Accountable Care Act. There is a continued
need to engage the medical profession in both quality improvement and
wise allocation of society’s healthcare resources, and the profession must
advocate for this role in its interactions with the Federal Government.
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Healthcare Quality

The quality of healthcare that is delivered to
patients now represents a major focus for the
governments of most Western democracies.
Glenn Hackbarth, as chair of the United States
Government’s Medicare Payment Advisory
Commission (MedPAC), succinctly described the
reasons for this governmental focus as follows:
“U.S. healthcare is too expensive and the quality
is too inconsistent” [1]. However, this US Federal
governmental focus on healthcare quality has
existed since the Clinton Administration as
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reflected in the report of a Presidential
Commission entitled Quality First [2].
Subsequent US Institute of Medicine reports
entitled “To Err is Human” [3] and “Crossing the
Quality Chasm” [4] further raised the issue of the
quality of care delivered by the US healthcare
system and led to an even greater focus on health-
care quality. It has been frequently observed that
the United States expends 50-100 % more than
other Western democracies on healthcare and has
a lower life expectancy [5]. Recent data also
show that governmental sources now account for
at least 45 % of the total healthcare expenditures
in the US [5]. Since Federal and state govern-
ments are providing such a significant fraction of
the payments for healthcare and represent the
people of the US who have an obvious interest in
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the quality of the healthcare that is provided, it is
not surprising that this major payor has continued
to make efforts to improve both the cost and qual-
ity of healthcare.

One of the first steps that the Federal
Government undertook to attempt to improve
healthcare quality began with the National
Technology and Transfer Advancement Act
1995. As a result of this act and based on recom-
mendations from the Presidential Commission on
Consumer Protection and Quality in the Health
Care Industry, the National Quality Forum (NQF)
was established as a voluntary, consensus stan-
dards setting body for quality measures. A rigor-
ous, evidence-based review of proposed quality
measures through a formal consensus develop-
ment process was established, and the NQF has
now become the gold standard for healthcare
performance measures. Importantly, govern-
mental agencies were obligated under this Act
to use NQF measures quality measures that were
adopted through the NQF process rather than
each developing their own measures. Funding for
the NQF continues to come from grants provided
by government and not for profit foundations, and
from member dues and government contracts.
Membership is currently over 300 healthcare
institutions, health insurers, government agen-
cies, and professional organizations. The current
missions of the NQF include (1) Building con-
sensus on national priorities and goals for per-
formance improvement, (2) Endorsing national
consensus standards for measuring and publicly
reporting on performance, and (3) Promoting the
attainment of national goals through education
and outreach programs. The Society of Thoracic
Surgeons was one of the first physician organi-
zations to propose a set of quality measures for
surgical coronary artery revascularization pro-
cedures which were adopted through this NQF
process. Subsequently, the STS also proposed a
series of measures for congenital heart surgery,
and many of these were adopted as well.

The most important Federal action in the
healthcare sector has clearly been the Affordable
Care Act which became law in 2010. Several sec-
tions of this legislation were drafted in an attempt
to achieve the dual goals of cost reduction and
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improvement of quality and patient access to
healthcare, and these were summarized by
Kocher and Sahni in 2010, who also noted that
10 % of patients account for 64 % of all US
healthcare costs [6]. A key goal of this legislation
was to achieve coordination of care among vari-
ous providers of healthcare, and the legislation
provided for the formation of “accountable care
organizations” which would receive payments
for the management of populations rather than
individual patients but would also have to meet
quality goals that would be established. These
accountable care organizations would be allowed
to share in the savings that occurred through the
coordinated efforts of physicians, hospitals, and
other providers in these accountable care organi-
zations. These savings were anticipated to result
from the development or redesign of care pro-
cesses to achieve both high-quality and high effi-
ciency. Kocher and Sahni also noted that a key
question was whether physicians or hospitals
would control the ACO’s, and noted that whoever
controls the ACO’s will capture the largest share
of any savings [6]. Initially, 65 quality measures
in the 5 domains of patient experience, care coor-
dination, patient safety, preventive health, and the
health of “at risk” and frail elderly populations
were adopted. In addition, the ACA also provided
for funding of “medical homes”, which were to
be community based, interdisciplinary, inter-
professional teams that support primary care
practices. An additional provision of the ACA
directed at incentivizing more coordinated and
less costly care were bundled payment programs
for standard surgical procedures. These bundled
payment programs were proposed as pilot pro-
grams for procedures such as coronary artery
bypass surgery and hip replacement surgery. An
additional provision was directed at reducing
hospital readmissions by reducing the payments
to hospitals for the care delivered to patients who
were readmitted within 30 days of hospital dis-
charge with the rationale that these reduced pay-
ments would motivate hospitals to engage with
care coordinators to organize better delivery sys-
tems for post-hospital care. Reductions in pay-
ments were also mandated for “hospital acquired
conditions” to provide hospitals an incentive to



18 The Role of the Federal Government

standardize protocols and procedures to reduce
hospital-acquired conditions such as urinary tract
infections and pneumonias. The impacts of the
implementation of the ACA on healthcare quality
and costs are still being acquired, but the results
of the Physician Group Practice Demonstration,
which began as a medical home demonstration
project prior to the enactment of the ACA have
been mixed [7]. Additional funding was provided
to increase the use of electronic health records to
further improve the coordination of care across
providers and sites of care. An additional
Executive Branch initiative, under the leadership
of Dr. Donald Berwick during his tenure as act-
ing administrator of the Centers for Medicare and
Medicaid Services, was the formation of the
“Partnership for Patients”, which aimed to save
60,000 lives by stopping preventable injuries and
complications in patient care. This initiative
gathered pledges of support from 4,500 organiza-
tions and included a $500 M demonstration proj-
ect focused on Community-Based Care
Transitions and the development of a CMS
Innovation Center, which was designed as a
mechanism by which hospital systems could
spread best practices to reduce hospital-acquired
infections. The outcomes of all of these provi-
sions of the ACA directed at improving quality
and reducing costs remain unknown.

One observation regarding the ACA legisla-
tion is that there were relatively few provisions
that directly engaged physicians, other than those
in primary care specialties, in addressing the cost
and quality goals of the legislation. The com-
monly cited conventional wisdom is that physi-
cians either control or significantly influence as
much as 70 % of the healthcare expenditures in
the US through provision of services and through
ordering of diagnostic tests, drugs, and proce-
dures. However, professions are expected to
serve the societal interests by not only providing
care, but also through the wise allocation of soci-
etal resources [8]. Throughout much of modern
history, the physician has had two roles, “healer
of the sick” and “member of a profession” [8].
Although the distinction between these two roles
has not been commonly appreciated, these roles
have different historical origins and involve
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different activities [8]. Professions were created
by and exist for the benefit of the general society
as a means of organizing the delivery of complex
services which society requires, including that of
the healer. Characteristics of a profession include
(1) an occupation whose core element is work
based upon mastery of a complex body of knowl-
edge and skills (2) knowledge or practice of a
knowledge-based art that is used in the service of
others, (3) governance by codes of ethics, (4)
commitments to competence, integrity and
morality, and (5) altruism and promotion of the
public good [9]. The relationship between society
and a profession has been described as a “social
contract” with implied prerogatives and responsi-
bilities for each profession [8]. Among the most
important of these professional responsibilities is
the expectation that the profession will act in the
societal interest and not its own [10]. Other
responsibilities articulated by a number of dif-
ferent individuals and organizations include
(1) maintaining, advancing, and disseminating a
body of knowledge, (2) setting and enforcing its
own standards and values, i.e. self-regulation,
(3) cherishing performance above personal
reward, (4) placing patients’ interests above their
own, and (5) fairly distributing finite medical
resources [9]. An important prediction made by
Kocher and Sahni was that if hospital systems
dominated accountable care organizations, phy-
sicians’ incomes and status as independent pro-
fessionals will decline [6].

Viewed from this context, quality improve-
ment is a fundamental responsibility of the
medical profession, and databases and registries,
created and maintained by professional groups
that are focused on patient outcomes, are a criti-
cally important tool by which quality improve-
ment can occur. These databases foster the two
of the most important functions of a profes-
sion, in particular, dissemination of knowledge
and mastery of a complex body of knowledge.
These registries can also be an important vehicle
for setting and enforcing standards and evalu-
ating performance. Ultimately these databases
and registries could serve as a mechanism for
the wise allocation of societal resources for
healthcare, provided that both government and
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private payors will provide the resource utiliza-
tion data. Database/registry participation, care-
ful review of the resulting outcomes data, and
active attempts to improve are thus fundamen-
tal to both being better “healers of the sick” and
responsible “members of a profession.” In this
regard, Federal legislation has now been passed
that establishes “qualified registries” which can
at least serve as reporting vehicles under the
Physician Quality Reporting Program establish
in earlier “pay for reporting” quality legislation.
Continuing efforts are underway to allow these
“qualified registries” to be eligible to also receive
resource utilization data from governmental
sources. The technical feasibility of this merg-
ing of clinical outcomes and resource utilization
data has been demonstrated in the ASCERT trial
in which both resource utilization data and long-
term survival information from the Medicare
claims dataset has been able to be linked with
the STS National Database and the American
College of Cardiology’s interventional catheter-
ization database [11].

This author would argue that it is the merging
of these clinical and resource utilization data-
bases that will provide the best prospects for
both improving the quality of care and reducing
the costs of that care. In this way, the medical
profession can fulfill both of its responsibilities
to be healers of the sick and wise stewards of
society’s healthcare resources. Federal support
of both the formation of professional registries
and provision of access to the extensive resource
utilization datasets maintained by the Federal
Government could prove to be a wise investment
of resources to further advance the goals of
improved quality and more effective use of
resources. It remains to be seen whether the for-
mation of accountable care organizations will
succeed and whether the role of the medical

J.E. Mayer Jr.

profession in improving the quality of health
care will evolve in ways that allow truly profes-
sional activity to continue.
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Abstract

This chapter discusses the consequences of an episode in Bristol, UK in the
1980s and 1990s, in which there was an unacceptably high mortality in
children undergoing open heart surgery. A major public inquiry followed
and amongst many other recommendations, it was suggested that UK car-
diac surgical services should be concentrated in a smaller number of cen-
ters. Subsequent service reviews came to the same conclusion. It did not
happen. Eventually, a process called Safe and Sustainable Cardiac Surgery
was established by the Department of Health, building on agreement of all
centers to attempt once again to reduce the number of centers, using a stan-
dards-based approach. This chapter outlines, from the personal perspective
of one lead care center involved, the process, its complexity, the scale of
investment, the massive public consultation and, the final analysis that led
to its ultimate failure. It contains salutary lessons for all those involved in
pediatric cardiac service reform.

Keywords

Pediatric cardiac surgery ¢ Service reform * Health service management ¢
Bristol * Safe and Sustainable

Introduction

The author was a member of both the Safe and Sustainable
Cardiac Surgery Standards Group and the Steering Group
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There is a classic golfing quote, attributed to many,
but mostly Gary Player who, when speaking to a
journalist after a low score round beset by many
lipped putts, said “the more I practice, the luckier I
get!”. Cardiac surgeons know that is largely true for
them, as it is for anyone carrying out a practical skill.
The more you do the better you get. This principle
underpinned arecent review of surgery for congenital
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heart defects in England,' called ‘Safe & Sustainable
Children’s Cardiac Services’ [1]. The aim of this
review was to reorganize services in England to
deliver care through a smaller number of bigger cen-
ters, themselves at the center of a rational geographic
network of peripheral units staffed by general pedia-
tricians with cardiology training. Each unit should
have enough cases to ensure expertise of surgeons,
and enough surgeons to provide cross cover and
long term, sustainable staffing. The process of the
review was standards based, complex and time-con-
suming for all involved. It also proved to be the big-
gest public consultation in the history of the National
Health Service (NHS). It had the support of all the
Royal Colleges, national patients groups, the
Commissioners (the purchasers in the NHS model)
and initially all the cardiac units in the UK. Many
senior NHS managers experienced in health service
change regarded Safe and Sustainable as the best
process they had seen for achieving large scale ser-
vice reconfiguration. Despite all this support, the
process failed under a waterfall of litigation, process
challenge, mixed publicity, ‘nimby’ism, and bad
timing, occurring in the middle of the biggest reor-
ganization of the NHS in its history.

I have to own up to being personally bruised
by these events. I have striven over years to pur-
sue excellence in cardiac care, and that was the
underlying driver behind our involvement in this
review. I am sorry that it did not proceed immedi-
ately, and hope that quality will not suffer. Yet
another review has been commissioned and I
hope that it does not lie in the political long grass
since service redesign should be the very benefit
of a state run health system, free at the point of
delivery. This chapter summarizes the history of
the process and lists some of the lessons learned.

Background

As in most countries throughout the 1950-1970s,
pediatric cardiac surgery sprang up in places
where there existed talented risk-taking surgeons,
innovative and brave cardiologists and a hospital

!Paediatric congenital cardiac services were also reviewed
separately at the two other units in the United Kingdom,
in Scotland in 2011 and Northern Ireland in 2012.
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management team keen to put their institution on
the map. They were usually sited in reasonably
large pediatric hospitals or in single-organ spe-
cialist units. They were rarely designed from the
bottom up as a networked service. It was a classic
alpha-male environment with a work-all-hours
ethic and highly competitive between institutions
and especially between surgeons. New opera-
tions were being developed, and the age at which
they could be performed fell rapidly as new tech-
nology developed, and results from pioneering
units became known. Each surgeon, and each
unit, became ‘tested’ by their willingness to
adopt and their ability to deliver these new opera-
tions. By the mid-1980s the transition to neonatal
surgery was firmly established and there were
preliminary attempts at reporting of results
through voluntary registries. Then came Bristol.

Bristol

Bristol is a large city in the west of England with
a proud history, a good University and a well-
established children’s hospital. In 1975, it had a
small cardiac center, doing just over 100 cases
per year when Mr. James Wisheart was appointed
as a pediatric cardiac surgeon. The regional man-
agement team invested in the service and by 1985
the unit was performing 435 cases per year. That
expansion required another surgeon to be hired,
and Janardan Dhasmana was appointed as a
junior colleague, and soon (1988) introduced the
arterial switch procedure, by now the operation
by which units were judged. He carried out 38
switches in all, with 20 deaths, way above the
mortality rate anywhere else.

In 1988, Steve Bolsin was appointed as an
anesthesiologist and immediately noticed that
operations were taking very much longer than he
was used to during his training in London. He
became worried about the quality of the surgical
results. And this was not helped in the years
1990-1994 when James Wisheart had a mortality
rate of 9/15 AVSD repairs, prompting Bolsin to
write to the Clinical Director of the hospital, John
Roylance, later to be replaced by James Wisheart
himself. Steve Bolsin kept his own audit of
outcomes.
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I should add here that I was approached by
Bristol in 1990 to apply for the Chair of Cardiac
Surgery and to develop the pediatric practice.
I turned down the offer, stating in writing that the
way the unit was organized (multi-site, patchy
cover, adult cardiac juniors covering pediatrics,
ECHO on another site) was ineffective, ineffi-
cient and potentially dangerous.

Bolsin’s story reached the press, via the satiri-
cal magazine Private Eye whose MD column is
written by a GP, Dr. Phil Hammond [2]. Finally
various official bodies, including the Royal College
of Surgeons, reviewed the unit, but the College
decided not to withdraw the license to carry out
surgery, and its president was quoted in a later BBC
documentary as suggesting the surgeons ‘needed
to get more practice’. In 1993 Bolsin’s audit
was completed and despite a limited circulation,
revealed a mortality rate considerably higher than
was expected from the voluntary national register
that the UK cardiac surgeons kept.

Dhasmana stopped doing switches that year,
but was persuaded to do another on Joshua
Loveday in 1995. Joshua died on the table. It
emerged that a senior NHS official, Peter Doyle,
had advised the hospital not to let the procedure go
ahead because of previous poor results. An exter-
nal review by Professor Marc de Leval (Great
Ormond Street and University College London)
and Stewart Hunter (a senior cardiologist from
Newcastle-upon-Tyne) concluded that Bristol was
a high risk unit and that there were excessive
deaths. A patients’ group called the Bristol Action
Group was established to campaign both to learn
more and improve services to other children.

In 1996, Bolsin felt his position untenable and
he emigrated to Australia. Wisheart stepped down
as medical director, stopped operating and retired
in 1997. The General Medical Council (GMC)
launched an investigation and the BBC broadcast
a damning documentary in its Panorama series
[3]. The GMC struck Roylance and Wisheart off
the register, and suspended Dhasmana. In 1999,
a huge public inquiry began, chaired by Sir Ian
Kennedy, a prominent lawyer with a specialist
interest in health ethics.

His extensive, thorough and damning Inquiry
made 198 recommendations for change, too
many to cover here, but it is worth giving you
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some quotes from his press release; they form the
core of why Safe and Sustainable developed:-

Sir Ian said Bristol was a hospital that had “over-
reached itself”’, where clinicians only had “limited
experience” at the time it became a regional
center.

“Clinicians were ambitious to expand — the ambi-
tions were too ambitious.”

“The management of the hospital was flawed — too
much power was in too few hands.”

“There was a club culture where it was hard to
raise matters of concern and harder to get anything
done.”

And he said wider problems in the NHS were also
to blame.

“There were no agreed national standards as to what
amounted to good quality care for paediatric cardiac
surgery — no agreed measure or benchmark.”
“Bristol was awash with data ... [but] there was
confusion in the NHS from top to bottom as to
where responsibility lay for monitoring the quality
of paediatric cardiac surgery.”

NHS Inquiries are frequent and fraught with
implementation difficulties [4]. However, Sir
Ian’s view, expressed clearly in his report, was
that there were too many centers in the UK, that
complex surgery should be done in centers of
excellence and that the whole process of care
should be both standards-based and thoroughly
monitored. Safe and Sustainable was thus ‘unfin-
ished business.’

Safe and Sustainable

The Bristol scandal highlighted appalling lapses
in the care of children with congenital heart
defects. In 2001, Kennedy explained the need for
children to have heart surgery in fewer specialist
centers. His report concluded:

...standards should stipulate the minimum number
of procedures which must be performed in a hospi-
tal over a given period of time in order to have the
best opportunity of achieving good outcomes for
children. Paediatric cardiac surgery must not be
undertaken in hospitals which do not meet the min-
imum number of procedures. Considerations of
ease of access to a hospital should not be taken into
account in determining whether PCS should be
undertaken at that hospital.

In 2003, a review group led by the late
lamented Professor James Monro, then President
of the Society of Cardiothoracic Surgeons,
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recommended that surgical centers should do no
fewer than 300 open heart procedures per year.
That would have meant that at the time, about
half the centers should have closed. Action was
not taken by government Ministers at the time
who, no doubt mindful of the political storm
inherent in moving hospital services (regardless
of the strength of professional consensus), justi-
fied their inaction on the grounds that the review
had not unearthed concrete evidence of unsafe
practice in any particular unit.

Concerns persisted; in 2006 a national work-
shop of experts chaired by Professor Roger Boyle
(a cardiologist and national cardiac ‘Tsar’) and
Dr. Sheila Shribman (who held a similar role for
pediatrics) concluded that the current configura-
tion of services was unsustainable. All the surgi-
cal units sent representatives to this meeting to
discuss rationalization, and they agreed that the
number of units should be reduced, probably to
about 7 from the 11 that were then open. Each
unit was challenged with the argument that the
consequence of rationalization might be that their
own unit would be scheduled for closure. They
all agreed on the need for change.

In 2007, the Royal College of Surgeons of
England called for the concentration of surgical
expertise into fewer, larger specialist centers [5].
A year later, Professor Sir Bruce Keogh, NHS
medical director and himself a cardiac surgeon,
instigated the Safe and Sustainable (S&S) review,
which began in 2008. His frank public warning
was that failure to re-organize pediatric cardiac
services this time round would be “a stain on the
soul of the specialty”.

It was a response to the long-standing concerns
of NHS clinicians, their professional associations,
national parent groups and NHS commissioners
about the sustainability of the service configuration
then extant. Surgeons were thought to be spread
too thinly across surgical centers (31 congenital
cardiac surgeons spread over 11 surgical centers),
leading to concerns around lack of 24/7 cover in
smaller centers and the potential for sudden closure
or suspension of smaller centers because of illness,
burn out or diminished performance.

Sir Bruce had at the front of his mind the
warnings made by the two previous reviews in
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2000 and 2003 about the risk of something going
wrong again in one of the English units. The case
for change seemed unarguable when the pediatric
congenital surgical service in Oxford (the small-
est unit in England) was suddenly suspended in
March 2010 after a number of deaths of babies
following heart surgery. The NHS has very good
experience of concentrating highly specialized
services in the interests of quality and excel-
lence; in our field these were ECMO (3 units),
transplantation (2), tracheal surgery (1) and
pulmonary hypertension (1). These units were
producing world-leading results at low cost, con-
centrating expertise and delivering research out-
put. The argument seemed clear.

The S&S review was managed by the National
Specialised Commissioning Team (NSC Team),
on behalf of the 10 Specialised Commissioning
Groups (SCGs) in England and their constituent
Primary Care Trusts.>

Governance Arrangements

It may seem boring to cover the governance
arrangements, but this was bound to be a contro-
versial piece of work, and great care was taken to
ensure appropriate governance and attempt to get
both top down and bottom up support, as well as
strong political and professional leadership and
lay involvement. The lessons we learned need to
take into account the immense consideration that
was put into this phase of the project.

Steering Group

A Steering Group was convened in January 2009,
chaired by Dr Patricia Hamilton CBE, Director
of Medical Education for England and Immediate
Past President of the Royal College of Paediatrics
and Child Health. The Steering Group comprised
representatives of relevant professional and lay

2At the time, NHS health care budgets were held by
Primary Care Trusts for the majority of conditions, with
some money being top-sliced from the NHS budget for
Nationally Commissioned Highly specialized services
such as ECMO, transplantation, tracheal surgery and pul-
monary hypertension. These budgets were monitored and
distributed by Commissioners as indicated.
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associations. The role of the Steering Group was

advisory and it had no role in decision making:

* Develop and communicate the clinical ‘Case
for Change’

e Consider the available research evidence
around the relationship between larger surgi-
cal centers and clinical outcomes

* Develop designation criteria that surgical cen-
ters must meet in the future

* Develop a proposed model of care for regional
pediatric cardiology networks

* Oversee stakeholder engagement
communication

* Endorse the process for the assessment of the
current surgical centers
There was much debate early in the meetings

of the Steering Group about whether it was right

to consider pediatric cardiac surgery in isolation
from adult congenital surgery. There was dis-
agreement on the group about this and it was
referred ‘upwards’, and the group was given clear
guidance from the Department of Health that it
should limit its scope to pediatrics. Thus, the
scope of the S&S review excluded the designa-
tion of surgical services for adults with congeni-
tal heart disease, for which a separate designation
process would be led later by individual SCGs
once the pediatric review had concluded.

However, the S&S review and the pediatric clini-

cal standards gave prominence to the importance

of transition to adult services.

and

Standards Group

Alsoin2009, apediatric cardiac surgery standards
group was established, chaired by Mr. William
Brawn, then President of the British Congenital
Cardiac Association. Once again, this group had
wide membership from professional organiza-
tions (cardiology, surgery, intensive care, adult
CHD etc.), as well as commissioners. This group
met regularly to define and publish standards
of care and service to achieve excellence. In
other words, the minimum standards a unit must
have in order to be designated by the NHS as a
suitable provider of care. The group consulted
widely on the draft standards, including with the
surgical units themselves. The finished standards
are too detailed to present here, but are available
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at http://www.specialisedservices.nhs.uk/docu-
ment/paediatric-cardiac-surgery-standards. They
are clear and comprehensive and were widely
supported as an outcome of public consultation.

Decision Making

Somebody had to make some tough decisions
though and at the time it was clear that — in law —
the only bodies which had legal powers for con-
sulting on proposed changes to the number of
units and for eventual decision making were the
152 Primary Care Trusts in England who commis-
sioned secondary healthcare services. In July 2010,
the Secretary of State endorsed a recommendation
made by the National Specialised Commissioning
Group (December 2009) to establish a joint com-
mittee of PCTs with delegated powers for consul-
tation and decision-making. Each PCT Board in
England accepted this recommendation via for-
mal resolution after discussion at one of their own
board meetings (this in itself conveys a sense of
the scale of this program).

The joint committee of PCTs (JCPCT)
comprised the Chair (or PCT Chief Executive
Nominee) of each SCG in England and the
Director of National Specialised Commissioning.
They were thus very senior NHS managers,
highly experienced in matters of service recon-
figuration and implementing service change.
It was chaired by Sir Neil McKay the Chief
Executive of the East of England Strategic
Health Authority — an experienced NHS career
manager (this region does not have a pediatric
cardiac surgical service within its borders, and so
he was ‘neutral’). It should also be remembered
that Wales, Scotland and Northern Ireland, whilst
in Britain, are devolved administrations so this
review only covered England. Thus, representa-
tives of the devolved administrations were pres-
ent at the meetings.

However, there were as an important caveat to
the arrangements for decision making that proved
incredibly problematic to the smooth running of
the review process, and arguably proved to be
fatal to its success. Democracy is a complex and
untidy business.

Whilst in law it was clear that only the JCPCT
had legal authority to make a “final” decision in
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the first instance, other legislation enabled local
Health and Overview Scrutiny Committees (of
which there are hundreds in England at local
Council level) to challenge the decision by way
of referral to the Secretary of State for Health.
These committees have a very local focus, and it
was apparent from the start that no committee
(made up of elected councilors with no particular
expertise in health matters) would dare incur the
wrath of the local electorate by supporting the
closure of its own local heart unit. A challenge by
a scrutiny committee was therefore inevitable at
some point, and it was thus an “open secret” from
the start of the process that the final decision
would ultimately rest with the Secretary of State
for Health himself — as it did in 2003 with the
disregarded Monro report.

The likely success of a challenge to the JCPCT’s
decision by this route depended on the relevant
scrutiny committee being able to demonstrate that
the decision making process had been flawed —
hardly an incentive for local politicians and local
campaign groups to engage positively with the
review team to achieve a good process. It also
meant that campaigners realized early on that the
way to influence government Ministers was to
make the review a very public and controversial
issue — and the various ensuing campaigns of mis-
information and propaganda were quite extraordi-
nary, resulting in a number of Ministerial debates
in the House of Commons and House of Lords. In
these debates government Ministers were always
very careful to note the professional consensus on
the need for change, but never actually gave a
commitment to make changes. Instead, the role of
the JCPCT as decision-maker was emphasized,
along with a nod-and-a-wink to the likely role of
the Secretary of State for Health once the JCPCT’s
eventual decision had been challenged.

In April 2010, the extensive professional and
lay support was crystallized in a document called
‘The Need for Change’ [6]. This need can be
summarized as follows:-

e Children’s heart surgery was
increasingly complex

* Services had developed on an ad hoc basis;
there was a need for a planned approach for

England and Wales

becoming
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* Surgical expertise (31 surgeons) was spread
too thinly over 11 surgical centers

* Some centers were reliant on one or two sur-
geons and could not deliver a safe 24 h emer-
gency service

e Smaller centers are vulnerable to sudden and
unplanned closure

e Current arrangements were inequitable as
there was too much variation in the expertise
available from centers

» Fewer surgical centers were needed to ensure
that surgical and medical teams were seeing a
sufficient number of children to maintain and
develop their specialist skills

* Auvailable research evidence identified a rela-
tionship between higher-volume surgical cen-
ters and better clinical outcomes

* Having a larger and varied caseload would
mean that larger centers are best placed to
recruit and retain new surgeons and plan for
the future

e The delivery of non-surgical cardiology care
for children in local hospitals was inconsis-
tent; strong leadership was thought to be
required from surgical centers to develop
expertise through regional and local networks

* Increasing the national pool of surgeons was
not considered the answer, as this would result
in individual surgeons performing fewer sur-
gical procedures and increase the risk of occa-
sional surgical practice
The benefits of the proposed change were pre-

dicted to be as follows:-

» Better results in the surgical centers with fewer
deaths and complications following surgery

e Better, more accessible diagnostic services
and follow up treatment delivered within
regional and local networks

* Reduced waiting times
operations

e Improved communication between parents
and all of the services in the network that see
their child

* Better training for surgeons and their teams to
ensure the sustainability of the service

e A trained workforce expert in the care and
treatment of children and young people with
congenital heart disease

and cancelled
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* Centers at the forefront of modern working
practices and innovative technologies that are
leaders in research and development

* A network of specialist centers collaborating in
research and clinical development, encouraging
the sharing of knowledge across the network
Who could argue with those benefits? However,

there was still much to do and, because of the mas-
sive public interest in the Bristol case, the potential
important political decisions that need to be made,
and the fact that the whole population could poten-
tially be affected, a very complex and wide rang-
ing process of evidence gathering, consultation
and debate was set in train by the JCPCT.

The standards defined by the Standards Group
morphed into designation criteria, of which the
core ones were:-

* A minimum of four full-time congenital car-
diac surgeons in each surgical center

* A minimum volume of 400 pediatric surgical
procedures per year in each surgical center
and ideally 500 pediatric surgical procedures

e 24/7 cover in each surgical center

* Co-location of surgical centers with interdepen-
dent services (e.g. intensive care, otorhinolaryn-
gology, renal medicine etc.) as described in the
Critical Interdependencies Framework [7].

e Development of pediatric cardiology net-
works via the proposed model of care
The importance to everyone of networks

emerged during debate. Patients groups expressed
very clearly that they would like informed follow
up as close as possible to their homes. There was
general acceptance about the rationale for concen-
trating deeply specialist services, but the need for
local pediatricians and nurses trained in pediatric
cardiology was strongly stated. Additional local
community support via primary care and out into
schools was also considered deficient. Thus there
grew up the idea that the specialist center might be
at the center of a network that it managed, guaran-
teeing quality throughout the geographic area.

This created a new Model of Care [8], built
around the network concept, the features of
which would be:-

» strengthened arrangements for the delivery of
non-interventional diagnostic and follow-up
care in local hospitals
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* formal pathways from antenatal screening to
the transition to adult services

» formal protocols agreed by the surgical center
with local services

* delivered in local settings

* development of the role of Pediatricians with

Expertise in Cardiology across the networks
» strengthened Cardiac Liaison Teams

Thus, more and more people and issues
became incorporated into the debate. Everyone
had a view, about everything. It was clear recon-
figuration of the service was going to be very
challenging. The Secretary of State had laid
down four generic criteria which had to be ful-
filled if a reconfiguration was to be allowed:-

1. Support from GP commissioners

2. Strong public and patient engagement

3. A clinical evidence base

4. Developed and supported patient choice.

Most of this was straightforward, but the pub-
lic and stakeholder consultation was an enormous
exercise, which began first with support from all
relevant professional bodies (British Congenital
Cardiac Association, Children’s Heart Federation,
Paediatric Intensive Care Society, Royal College
of Nursing, Royal College of Paediatrics and
Child Health, Royal College of Surgeons of
England, Society for Cardiothoracic Surgery in
Great Britain and Ireland, Specialised Healthcare
Alliance). In retrospect, getting all these groups
to agree was a wonderful thing.

The JCPCT launched public consultation on
four options for configuration. No preferred
option was stated, but options were scored against
a number of criteria. A number of units immedi-
ately felt threatened through their own reading of
the JCPCT’s direction of travel — in particular in
Leeds, Leicester, Oxford, Southampton and the
Royal Brompton Hospital in London. The cam-
paigns “for and against” had started in earnest.

A string of public meetings were held, and
everyone was asked for their view, via a wide
range of communication methods. In October
2009, a national partnership event was attended
by 200 people from across the country. The out-
come of this event informed the development of
the clinical standards and the clinical case for
change. There were also further local partnership
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engagement events, held throughout England in
2010. Partners were kept informed of the review’s
progress via quarterly newsletters, publication of
all relevant papers on the NSCT website and pre-
sentations at patient group conferences.

The process of public consultation was huge
in scope and delivery. It ran for 4 months between
March and July 2011. A 7-min video was pro-
duced and published on the web to provide back-
ground and to encourage people to “have their
say”. A comprehensive public consultation docu-
ment which ran to 234 pages was published [9]
together with an “easy read” version for children
and young people that provided details of how
responses could be sent by text message. In Leeds
alone a petition was signed by 600,000 people
supporting retention of surgery in the city.

Town-hall style consultation events were held
with the public, and focus groups were held with
children and young people; with parents of chil-
dren with congenital heart disease; and with
members from Black and Minority Ethnic groups.
In total, thousands of people attended over 50
consultation events, workshops and focus groups
held in major cities across England and Wales.

It was important that stakeholders were reas-
sured about the independence of the process, so
Ipsos Mori, the international market research
company, was commissioned to design a ques-
tionnaire survey, and to analyse the responses and
report the outcome [10].

Around 75,000 responses were received,
including from interested professionals in
Europe, North America, the Middle East, Asia
and Australia. Responses were also provided by:
Members of Parliament representing their local
constituents; professional bodies; local and
national charities; various NHS bodies represent-
ing the pathway between antenatal screening to
adult congenital services; health scrutiny com-
mittees; London Assembly members; patients,
parents of patients and members of the public.
Media interest was significant, and the public
consultation become a regular item for national
and local media (TV, radio and print).

No stone was left un-turned, it seemed. When
the Royal Brompton Hospital complained that
the impact of losing pediatric cardiac work would
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fatally jeopardize its respiratory service, the
JCPCT responded by convening an international
panel of respiratory experts, including from
Toronto Children’s Hospital, to spend a week in
London in the autumn of 2011 visiting the Royal
Brompton and three other hospitals in London
that provide respiratory medicine. The panel
advised the JCPCT that respiratory services at
the Royal Brompton would remain viable but this
did not convince the Royal Brompton to desist in
making its claims.

In addition to this public and stakeholder work,
each center had to apply for designation as a pedi-
atric cardiac center, reporting against their ability
to meet the agreed Standards, or with plans as to
how to meet them. In May and June of 2010, and
expert and senior team led by Sir Ian Kennedy
(who, remember, chaired the Bristol Inquiry) and
including Professor James Monro, visited all the
units and scored them against the proscribed stan-
dards. These scores were used in the final decision
process but were not determinative.

In his introduction to the panel’s report to the
JCPCT [11] Sir Ian wrote:

During the current assessment process I and my
colleagues on the panel found many examples of
commendably high commitment and dedication by
talented NHS staff delivering congenital cardiac
services. But we found exemplary practice to be
the exception rather than the rule. Mediocrity must
not be our benchmark for the future.

To the panel’s data were added extensive
demographic research, transport time data and
other complex modeling, all helped by external
professional consultants. The resultant “Decision
Making Business Case” [12] was submitted to the
JCPCT for consideration and a formal, webcast
and media-heavy Board meeting was held on 4th
July 2012. The JCPCT decided to reduce the
numbers of centers from 11 to 7, and they would
be at Newcastle, Liverpool, Birmingham, Bristol,
Southampton, Great Ormond Street and Guy’s/St
Thomas’. The units earmarked for de-designation
were The Royal Brompton Hospital in London,
Leicester, Leeds and Oxford.

A few days later The Times newspaper printed
a letter signed by the presidents of the relevant
royal colleges of medicine that congratulated the
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JCPCT and welcomed its decision as one that
would improve outcomes and save the lives of
more children in the future.

Unsurprisingly, and despite their agreements
to abide by the outcome in 2006, the units ear-
marked for change were far from happy and used
all the tools at their disposal to both influence
public opinion and, where possible, to take legal
or procedural proceedings against the JCPCT
process. There was much media coverage and in
the summer of 2012 the streets of Leeds city cen-
ter were closed to make way for an organized
march by thousands of demonstrators. Bitter
arguments between senior clinicians played out
in the media, including claims by supporters of
Leeds that children would die on the “road to
death” to Newcastle. Both the Prime Minister,
David Cameron, and Deputy Prime Minister,
Nick Clegg, were door-stepped by journalists
asking questions about the review. The JCPCT
asked the clinicians on the steering group to front
up to the media, not to defend the decision but to
explain for lay-people the clinical rationale for
change. Perhaps predictably, given the extent of
negative campaigning by disaffected units, much
of the debate became heated and personal rather
than objective and cool. Social media and blog
sites did not make pleasant reading for many of
us who were involved.

The primary mode of attack in the courts was
via Judicial Review of the whole JCPCT decision-
making process. Such review was first launched
by the Royal Brompton & Harefield NHS
Foundation Trust® in 2010, who won the first
round but lost on appeal, and later by a campaign
group based in Leeds called Save our Surgery Ltd
in 2012.

It is important to bear in mind that the Courts
were not interested in whether the JCPCT had
made the correct decision (the Court recognizes
that it has no expertise in this regard) but whether

3To the consternation of many commentators, this was the
first time that one NHS body had brought legal challenge
against another, which was now possible by NHS hospi-
tals who had attained quasi-independence through
Foundation Trust status. It is current government policy to
increase the number of Foundation Trust hospitals in
England.
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the JCPCT had followed a proper and lawful pro-
cess. The Royal Brompton’s challenge was
brought in March 2010 — some two years before
the JCPCT actually made a decision. The Royal
Brompton objected to the process of public con-
sultation (held between March and July 2011) on
a number of grounds: that the public consultation
was a sham as the JCPCT members had secretly
pre-determined the outcome; that the proposal
for two units in London, rather than three, was
irrational; bias within the steering group in favour
of certain units*; misinformation in the consulta-
tion document; and a failure properly to consider
the knock-on impact of ceasing pediatric cardiac
surgery to the hospital’s respiratory services. The
Court rejected all of these challenges but upheld
the hospital’s challenge that the JCPCT’s process
for assessing the hospitals against one of the
assessment criteria (research and innovation) had
been flawed. This ruling paralyzed Safe and
Sustainable because it meant that the entire pro-
cess of a 4-month public consultation (the largest
ever national consultation held by the NHS) was
now null and void. The decision was over-turned
by the Court of Appeal in March 2012 and the
process was back on track — but the damage had
been done by way of delay to the process and
adverse publicity. It had made very public the
inter-unit animosity that was infecting the pro-
cess, including between clinicians who had
previously regarded themselves as colleagues
and friends. The total cost of legal fees incurred
by the NHS on this case alone was around two
million pounds of tax-payers money.

The second legal challenge was brought in
October 2012 after the JCPCT’s decision to
reduce the number of units. It was brought by a
campaign group called Save our Surgery (SoS)
Ltd, formed to promote the pediatric cardiac ser-
vice based at Leeds Teaching Hospitals NHS Trust
and whose directors included clinicians working
in the Leeds cardiac service. This challenge was

I was named in the case made by the Royal Brompton
has someone who used their influence in committee to
suggest closure of the unit. This is not true, and the judge
made clear that there were no grounds to support a sug-
gestion of bias.
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brought on the narrow ground that the JCPCT had
failed to publish 450 sub-scores generated by the
panel. The group argued that, by only publish-
ing a limited number of headline scores, respon-
dents to public consultation had been denied the
opportunity to make a more informed judgement
about the quality of the service in Leeds (the
service in Leeds had received the second lowest
score — out of 11 units — by Sir Ian Kennedy’s
panel against the assessment of standards). This
challenge once again highlighted the acrimony
between units, to the extent that the Newcastle-
upon-Tyne Hospitals NHS Foundation Trust felt
obliged to join the legal proceedings against SoS
Ltd to counter what it perceived to be unfair and
improper attacks made by the Leeds group in pur-
suance of its campaign to keep surgery in Leeds
at the expense of Newcastle. The JCPCT argued,
with the support of Sir Ian Kennedy, that the sub-
scores were irrelevant to the process of consulta-
tion and decision making, and that even had they
been published they could not have been used by
respondents to second-guess the Kennedy panel’s
eventual conclusions — which had been reached
using subjective expert judgment based on writ-
ten and oral evidence submitted by the units to
which respondents had no access. The judge, Mrs
Justice Nicola Davies, found in favour of SoS Ltd
in March 2013. She said that “as the scores were
relevant to the assessment, the breakdown of the
scoring should have been disclosed to the centers
whether or not the JCPCT proposed to look at
it ...if there is a public law duty to make infor-
mation available to a consultee, disclosure can-
not be denied simply because one party does not
wish to look at that information.” On that narrow
ground, the entire process of consultation and
decision making between 2009 and 2012 was
declared unlawful.

The JCPCT prepared to challenge this ruling
in the Court of Appeal, as it had successfully
done with the previous Brompton ruling, citing
strong legal advice that a successful appeal was
likely. But this course of action proved to be
politically impossible following intervention by
the Secretary of State for Health in April 2013 in
response to challenges made against the JCPCT’s
decision by health and overview scrutiny
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committees in Leeds and Leicester. The estab-
lished procedure, upon receipt of such a chal-
lenge, allowed the Secretary of State to ask a
body called the Independent Reconfiguration
Panel (IRP) to review the JCPCT’s decision and
processes and to advise him as to whether the
JCPCT’s decision would lead to “safe and sus-
tainable” pediatric cardiac services in the future.
It would then be for the Secretary of State to
decide the fate of the JCPCT’s conclusions based
on the advice of the IRP. Although chaired by a
past president of the Royal College of Surgeons,
the IRP did not comprise experts in the specialty
but rather experts in hospital configuration, NHS
managers and public engagement specialists. The
IRP carried out a 5-month review, visiting every
pediatric cardiac unit, interviewing those involved
in the process, local campaign groups and took
evidence from members of the public similar to a
public consultation. This did not help to mitigate
against the increasing sense of consultation
fatigue within the specialty.

To many of us involved over the years, the
resulting report by the IRP appeared to lack sub-
stance, insight or understanding of the issues
when compared to the detailed analysis of the
Safe and Sustainable process [13]. But it was suf-
ficiently critical of the JCPCT’s process to allow
the Secretary of State for Health, Jeremy Hunt, to
inform the House of Commons in April 2013 that:-

The IRP report also concludes that the outcome of

the Safe & Sustainable review was based on a

flawed analysis of the impact of incomplete pro-

posals, and leaves too many questions about
sustainability and implementation.’ This is clearly

a serious criticism of the Safe & Sustainable pro-

cess. | therefore accept their recommendation that

the proposals cannot go ahead in their current form
and am suspending the review today.

He said the consultation, which has already
cost more than £6 million, did not have the confi-
dence of the public with some feeling the deci-
sion was predetermined. He said choosing which
hospitals provided surgery was one of the most

>Much of this and the next couple of paragraphs are drawn
from an excellent piece by the BBC’s science correspon-
dent, James Gallagher, on 12/06/13.
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flawed areas of the review, but added “we need to
get on with this” as the original argument for
improving care was unchanged.

The IRP’s report said: “The Panel’s advice
addresses the weaknesses in the original propos-
als, but it is not a mandate for either the status
quo or going back over all the ground in the last
five years.”

Lord Ribeiro (a former president of The Royal
College of Surgeons), the chairman of the IRP,
said access to services was one of the panel’s main
concerns, thereby overturning Sir Ian Kennedy’s
previous recommendation in the Bristol Inquiry
that issues of access and convenience should
not be a consideration in any future process to
decide the number and location of surgical units,
and contrary to what partners had told the JCPCT
during the Safe and Sustainable process.

It is not the role of the IRP to offer an actual
solution to the configuration of pediatric cardiac
services, and Mr. Hunt was certainly not going to
offer one. Instead he set NHS England, which has
taken over the responsibilities of the Joint
Committee of Primary Care Trusts, a deadline of
the end of July 2013 to come up with the next
step in the process.

The fate of children’s heart surgery would
now be considered alongside changes to adult
congenital heart surgery.

So NHS England, the overarching manage-
ment body for the NHS after the massive reforms
implemented by Jeremy Hunt’s predecessor,
Andrew Lansley, has committed itself to a further
review chaired by its own Chairman, Sir Malcolm
Grant and with Sir Bruce Keogh on the panel. As
at January 2014 the new review is once again
reviewing quality standards and developing a
process for change. Concerns persist at the plan-
ning blight and low morale amongst staff, exacer-
bated by consultation fatigue and an entrenched
culture of review without actual change. Despite
the IRP’s assurances that its recommendations
were not intended to prolong the status quo we
are back to square one, 23 years after the Bristol
report. However, almost without exception, peo-
ple have agreed with the core recommendation
that there should be a reduction in the number of
centers. In view of the continuing public interest,

253

and the comments of the IRP that some views
were not heard (despite the extensive consulta-
tion), absolute